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Samuel H. Boden and James M. Cumming, Turtle 
Creek, Pa., assignors to Westinghouse Electric 
Corporation, East Pittsburgh, Pa., a corporation 
of Pennsylvania, 

Application August 26, 1943, Serial No. 500,062 
(C. 200-82) 8 Claims. 

The invention relates to circuit breakers and, 
more particularly, to circuit breaker operating 
mechanisms of the pneumatic type. 

Circuit, breaker's for electrical power Systerns 
are desired which operate at very high speed and 
in which the motion of the parts can be quickly 
reversed, in Order to obtain quick interruption 
and also quick reclosing of the electrical circuit. 
Where an operating mechanism of the pneumatic 
type is employed for operating the circuit breake", 
back fluid pressure in the operating cylinder tends 
to retard the speed of operation of the operating 
piston, and to obtain the desired high speed opera 
tion and quick reversal of the mechanism. Some 
means must be provided for quickly dissipating 
the back pressure. The valve means for control 
ling fluid flow should provide for adequate fluid 
flow and should operate Very quickly despite the 
limitation of small available electrical-control 
energy. The usual types of three-way valves for 
admitting fluid pressure to the cylinder and went 
ing the cylinder have not been found Satisfactory 
for pneumatic circuit-breaker operating mech 
anisms for various reasons. They are too slow 
in operation, do not provide adequate and rapid 
exhaust flow, and require too much electrical 
control energy. 
An object, of the present invention is the pro 

vision of a circuit breaker with an improved oper 
atting mechanism of the pneumatic type capable 
of effecting high-speed operation of the circuit 
reaker and operating piston and quick reversal 

of the moving parts. 
Another object of the invention is the provision 

of a circuit-breaker operating mechanism of the 
pneumatic type with an improved quick-acting 
intake and exhaust valve device whereby quick 
response and high-speed operation of the circuit 
breaker and its operating means are obtained. 
Another object of the invention is the provision 

of a circuit-breaker operating mechanism. Of the 
pneumatic type with an improved quick-acting 
intake and exhaust valve device of simple and 
inexpensive construction for admitting fluid to 
the operating cylinder and for also rapidly and 
fully venting the cylinder to atmosphere to permit 
high-speed operation and quick reversal of the 
breaker-operating piston. 
Another object of the invention is the provision 

of a circuit, breaker with an improved operating 
nechanism of the pneumatic type capable of 
effecting high-Speed opening and Click reclosing 
Of the circuit beake'. 
The novel features that are considered charac 

teristic of the invention are set forth in particu 
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lar in the appended claims. The structure and 
node of Operation of the invention, together with 
additional objects and advantages thereof will be 
best understood from the following detailed de 
Scription of several embodiments thereof When 
lead in Conjunction with the accompanying draw 
ings, in which: 

Figure 1 is a view of a circuit-breaker operat 
ing mechanism embodying the invention, taken 
Substantially along the section line I-I of Fig. 2, 
the circuit breaker being shown schematically, 
and the mechanism being partly broken away 
and shown in the open-retrieved position, 

Fig. 2 is a plan view of the circuit-breaker 
Operating mechanism, the parts being shown in 
the closed and latched position, and 

Fig. 3 is a view, partly in section, showing a 
modification of the invention wherein the control 
Valve device is applied to a different type of cir 
cuit-breaker operating mechanism. 
The present invention in certain aspects is a 

further development and improvement of the 
invention disclosed and claimed in the copending 
application of James M. Cumming, Serial No. 
499,800, filed August 24, 1943, and assigned to 
the assignee of the present invention, now Patent 
No. 2,399,328, issued April 30, 1946. 
The invention is illustrated in Fig. 1 as em 

bodied in a circuit-breaker operating mechanism 
of the mechanically trip-free type wherein the 
circuit breaker is connected to the operating pis 
ton through a trip-free structure or linkage 
which permits the circuit breaker to be tripped 
Open free of the operating piston. 

Referring to Figs. 1 and 2 of the drawings, the 
circuit breaker itself, represented very sche 
matically at , may be of any conventional type 
and construction either of the oil break, air break 
or gas blast type. AS Schematically shown, the 
circuit breaker comprises stationary contact 
means 9, and cooperating movable contact means 

f. The circuit breaker is biased to open posi 
tion by Spring means 3, and is connected to the 
trip-free linkage of the operating mechanism (5 
by any Suitable connection shown schematically 
by a pivoted lever 7 and rod 9. 
The operating mechanism 5 comprises a metal 

casting 2 which is formed to provide an operat 
ing Cylinder 23 and a top portion which closes 
the upper end of the cylinder and forms a sup 
port for some of the parts. An operating piston 
25 is reciprocably movable in the cylinder and 
is adapted to be operated by fluid under pres 
Sure, such as compressed air, to effect closing of 
the circuit breaker. A closure member 27 is 
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secured to the bottom of the cylinder, this clo 
sure member having one or more ports thereil 
open to atmosphere. 
Mounted on the top portion of the casting is 

a trip-free linkage comprising a closing lever 29 
pivoted on a fixed pivot on the casting at its right 
hand end, and a trip-free breaker lever 3 piv 
oted at its left-hand end to the free end of the 
closing lever 29. The closing lever 29 consists 
of a pair of spaced parallel levers (Fig. 2) which 
are pivoted at their right-hand ends on a pair of 
aligned pivot studs 33 carried by lugs 35 pro 
jecting from the top of the casting 2. The break 
er lever 3 also consists of a pair of Spaced par 
allel evers (Fig. 2) pivoted at their left-hand 
ends on a pivot pin 3 carried by and connecting 
the left-hand ends of the parallel levers which 
form the closing lever 29. The breaker lever 3 
is disposed in the Space betWeen the sides of the 
closing lever 29, and the right-hand end of the 
breaker lever carries a latch roller 39 Which is 
rotatably mounted on a pin Á carried by and 
connecting the right-hand end of the spaced 
levers which form the breaker lever 3. 
The circuit-breaker rod. 9 is pivotally con 

nected to the midpoint of the breaker ever 3 by 
a pivot pin 33. The breaker lever 3 is biased 
upwardly by the opening bias of the circuit 
breaker, and the latch roller 39 carried by the 
right-hand end of this lever is normally engaged 
and held in a position of alignment With the fixed 
pivot axis 33 of the closing lever, by a high-speed 
latching means consisting of a main latch Of 
slip-off type and an auxiliary latch 3, which holds 
the main latch in latching engagement with the 
roller 39, both latches being pivotally mounted on 
the top of the casting 2. The main latch is is 
pivoted on the top polition of the Casting by a 
pivot pin 39 and is biased to latching position by 
a Spring means 5. The auxiliary latch i is 
pivoted on the top portion of the casting by a 
pivot pin 53 and this latch is biased by a spring 
55 to latching position in which it engages and 
holds the main latch 45 in latching position. The 
auxiliary latch i is provided with an extension 
57 which extends directly over a trip plunger 
59 of an electro-magnetic trip device 6 . 
A holding lever 63, pivoted on the pivot pin 

53, is provided for holding the auxiliary latch É? 
in released position when the atch roller 39 Cin 
the breaker lever is away from latched position 
in order to permit the roller to push back and 
pass the latch end of the main latch when the 
breaker lever is retrieved to its latching posi 
tion. This holding ever is biased counterclock 
Wise by a spring 65, stronger than the Spring 55, 
‘and the lever is provided with a lateral projec 
tion 67 disposed under the extension the auxiliary 
latch . The lever also has a lateral projection 
69 disposed to be engaged by the end of the 
breaker lever 3 f to hold the holding lever down 
in the inoperative position shown when the latch 
roller 39 is in latched position. 
The trip device 6 is supported from the top 

portion of the casting 2 and comprises an E 
Shaped stationary core T , an energizing winding 
73 disposed around the center leg of the core, 
and a movable armature 5 connected to the trip 
plunger. The trip plunger 59 slidably extends 
upwardly through an opening in the center leg 
of the core and through an opening in a portion 
of the casting 2. The trip plunger and arma 
ture are biased downwardly to unattracted posi 
tion against a stop screw , by means of a spring 
79. The trip device is adapted to be energized 
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4. 
to trip the circuit breaker, by a suitable trip con 
trol circuit (not shown) of any conventional type 
upon the occurrence of an abnormal condition in 
the main circuit, Such as an overload or short 
circuit condition, and also by a manual trip con 
trol switch. 
When the latch roller 39 on the end of the 

breaker lever 3 is held latched by the latching 
means 5-4, the breaker lever is operatively 
connected to the closing lever 29 so that the two 
levers are rigidly connected together. The clos 
ing lever 29 is connected to the operating piston 
25 by a connecting rod 8 which is pivotally con 
nected at its upper end to the midportion of the 
closing lever 29 by a yoke-shaped connecting 
element 82 and a pivot pin 83. The connecting 
rod extends through an integral sleeve 8 of the 
piston, which slides through an opening in the 
top of the cylinder 23. The lower end of the con 
necting rod is pivotally connected to the piston 
25 by a cross pin 87. 
The circuit breaker is adapted to be closed 

and automatically reclosed by compreSSed air 
from an auxiliary air reservoir or tank 89, the 
Compressed air being admitted into the upper 
end of the operating cylinder 23 by a control valve 
device indicated generally at 9 which will be 
hereinafter described. The compressed air 
drives the piston 25 downwardly rotating the clos 
ing lever 23 and connected breaker lever 3i, about 
the fixed pivot axis of the pivots 33 and roller 
shaft li, down to the closed position indicated 
by the dotted outline of the closing lever, thereby 
closing the circuit breaker. In the closed posi 
tion, the closing lever 29 is heid latched down by 
a latch 93 pivoted on the top portion of the cast 
ing by a pivot (not shown). The latch 93 en 
gages the cross pin 37 on the closing lever to hold 
the closing lever down in closed position, this 
latch being biased to latching position by a Spring 
(not shown). 

he closing lever is biased in a clockwise direc 
tion about, its fixed pivots 33 by means of a pair 
of helical retrieving Springs 95 of compression 
type which are pivotally connected by connecting 
eienents 97 at their upper ends to the sides of 
the closing lever 29 and bear at their lower ends 
in Spring seats on the top portion of the casting 
2. The retrieving springs serve to move the 
closing lever 29 up to the position shown in full 
ines in Fig. 1 after release of the levers; in order 
to rotate the breaker lever clockwise about the 
pivot connection 3 to return the latch roller end 
of the breaker level to latching position as shown 
in Fig. 1. The mechanism is ShoWn in the re 
trieved position in Fig. 1. 

ASSunning the circuit bleaker is in closed posi 
tion with the closing lever 29 held down by the 
latch 93 and the breaker lever 3 held down by 
the latch means 5-7, the trip device 6 will be 
eilergized upon the OCCurrence of an overload or 
Short circuit in the main circuit and cause the 
trip punger to be noved upWardly to release the 
latches is and 45. This releases the operative 
connection between the breaker lever 3 and the 
closing lever 29 and consequently the circuit 
breaker Will be quickly moved to open position 
by the opening Spring 3, free of any restraint by 
the closing lever and piston. The opening move 
inent of the circuit breaker causes the breaker 
lever 3 to rotate counterclockwise about the pivot 
pin 3 to Wards the Open position indicated by the 
dot-dash outline in Fig. 1. The breaker lever 
during the early part of its counterclockwise 
Opening movement autoimatically moves the latch 
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93 to released position by means of a pin 99 on 
the breaker lever which engages and moves the 
latch 93 to released position as the lever 3 moves 
in Opening direction. When the free end of the 
closing lever 29 is thus released, the retrieving 
Springs innediately rotate the closing leWer in a 
clockwise direction to the position shown by the 
full lines in Fig. 1. This retrieving novement 
rotates the breaker lever clockwise about the 
pivot 43 restoring the latch roller on the breaker 
lever back to latched position where it is re 
engaged by the latch means 45-47. The linkage 
is thus reset with the breaker lever 3 again 
Operatively connected to the closing lever 29 and 
piston 25 so that the mechanism is now in con 
dition to reclose the breaker. 
The operating mechanism is operable to pro 

duce normal closing Operation of the circuit 
breaker and also instaintaneous automatic re 
closing operation of the circuit breaker, by means 
of a suitable control circuit (not shown) of con 
ventional type for energizing the control electro 
magnet of the control valve device 9. The con 
trol circuit for controlling energization of the 
valve electromagnet and the trip coil 3 may be 
Sirnillar to the circuit, beaker control circuit dis 
closed in the copending application of James V. 
Cumming and Richard C. Cunningham, Serial No. 
40,686, filed September 13, 1941, now Patent No. 
2,408,199, issued September 24, 1946, except that 
a conventional latch-checking switch (not shown) 
would be added in series in the closing control 
circuit, to prevent einei'gization of the electro 
magnet of the control valve device 3 until the 
latch roller 39 of the breaker lever 3 is in latched 
position. This latch checking Switch can be 
closed by the latch roller end of the breaker 
lever 3. When this end of the lever is in latched 
position. 
Compressed air for operating the circuit, breaker 

is stored in the air reservoir 89 from a large main 
air-storage tank (not shown) Which is Supplied 
by a suitable motor-driven compressor unit (not 
shown). 

In accordance With the present invention, the 
operating mechanism is provided with an im 
proved control valve device 9 for admitting con 
pressed air to the operating cylinder 23 to effect 
closing and automatically reclosing operations 
of the circuit breaker, and for also rapidly and 
fully venting the operating cylinder directly to 
atmosphere to permit high-speed unretarded 
movement of the operating piston in the reverse 
direction. The control valve device 9 , by rapidly 
and fully venting the operating cylinder directly 
to atmosphere in the Fig. 1 embodiment, permits 
the operating piston 25 to be moved upwardly at 
high-speed by the retrieving Springs, unretarded 
by back air pressure in the cylinder. Conse 
quently, Very fast retrieving of the mechanism is 
obtained to quickly reestablish the operative con 
nection between the circuit breaker and the 
operating piston. As a result, reclosing opera 
tion of the circuit breaker can be initiated very 
quickly after interruption of the circuit, and the 
total time required for opening and reclosing the 
circuit, breaker is materially reduced. 
The control-valve device 9 comprises a valve 

housing 0 which is secured to the side of the 
main-cylinder casting 2 by a plurality of bolts 
(not shown). it he valve housing has a chamber 
Or opening 3 which communicates with the in 
terior of the compressed air-storage tank 39, and 
also has a somewhat flat rectangular-shaped inlet 
passage 95 communicating with an inlet port 01 

O 

20 

2 5 

40 

45 

5 3 

(30 

70 

75 

6 
(Fig. 2) formed in the upper end of the circuit 
breaker operating cylinder 23. The flanged neck 
of the air-storage tank. 89 is secured to the Walve 
housing 6 by a plurality of bolts (not shown), 
a suitable sealing gasket, being provided to make 
the joint, air-tight. A main inlet valve element 
: 33 disposed in the valve housing has a stem 
slidably mounted in a guide sleeve 3 carried by 
a bushing 5. The bushing is threaded in an 
opening in the housing between the chamber 33 
and the inlet passage 95, and this bushing SerWeS 
as a valve seat for the inlet valve 8. The guide 
sleeve 3 is connected to the bushing by a plu 
i'ality of Spider-arms which permit the Com 
pressed air to flow When the Valve is opened. The 
inlet valve element, is biased to closed position to 
close off the inlet passage from the source of Com 
pressed air by a helical compression spring iT 
which Surrounds the guide sleeve, the lower end 
of the Spring bearing on the Spider arms of the 
bushing 5 and the upper end of the Spring 
bearing against a spring support 9 secured to 
the upper end of the valve stem. The inlet Valve 
element is adapted to be opened by means of a 
valve piston 2 to Open the inlet passage and 
ad: init conipressed air to the upper end of the cir 
cit-breaker operating cylinder 23 to effect clos 
iing or autoiinatic recCsing of the circuit breaker. 
The valve piston f2 is movable in a valve cylin 
der 23 formed in a Valve housing and this piston 
is biased upwardly to a position against the head 
of the valve cylinder by means of a helical com 
pression. Spring 25 which Surrounds a portion 
of the valve spring and is disposed between the 
li::clerSide of the valve piston 2 and a circular 
shoulder formed in the valve housing. 
The valve-Operating piston 2 is adapted to 

be moved downwardly to open the main-inlet 
valve 03 by compressed air from the tank. 89 
admitted to the top of the valve piston through 
passages 2i and 29 in the valve housing. The 
passages 2 and 29 communicate with coop 
erating passages in a pilot-Valve housing 3 
which is secured to the main-valve housing 0. 
COmnunication betWeen the air ta.ink 89 and the 
top of the valve piston 2 is normally shut off, 
however, by a pilot, valve 33 disposed in the 
pilot-valve housing. The pilot valve is biased 
to closed position against its seat by a compres 
Sion spring 35. In this closed position, the 
pilot valve connects the upper end of the valve 
cylinder 23 to atmosphere through an exhaust 
pilot Valve element 3 and an exhaust port in 
the pilot-Valve housing, the exhaust pilot valve 
being connected by a stern with the pilot valve 
233. The pilot valve 33 is adapted to be oper 
ated to Open position to admit compressed air 
to the Valve-operating piston 2 to cause open 
ing of the main-inlet valve, by means of an elec 
tromagnet E39 when the electromagnet is ener 
gized. 
The control-valve device 9 is also adapted to 

rapidly and fully vent the breaker operating 
cylinder 23 directly to atmosphere when the 
inlet-Valve element is closed, in order to facili 
tate high-speed retrieving movement of the op 
erating piston 25 and fast retrieving of the mech 
anism unretarded by back pressure in the break 
er-operating cylinder. For this purpose, the con 
trol-valve device 9 is provided with a large 
exhaust passage 4 which communicates with 
the upper end of the circuit-breaker operating 
cylinder through a pipe connection 3. The 
paSSage for the exhaust of air from the operating 
cylinder through the pipe 43 and exhaust pas 
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sage 4 is separate from the inlet passage i5 
through which compressed air is admitted to the 
operating cylinder. iihe exhaust passage i? is 
normally opened to atmosphere by a cup-shaped 
exhaust-valve element 45 of the sleeve type, 
and this exhaust-valve element is slidably mount 
ed in a transverse opening provided therefor in 
a housing Section & Secured to the Valve hous 
ing C. The housing section. A may be formed 
integral with the housing 3, if desired. The 
exhaust-Wave eierinent 35 is lechanically coin 
nected to tie top of the Walve-operating piston 
by a rod 53 which slidably extends through an 
opening in the top Wall of tie waive cylinder. 
The lower end of the rod 49 is threadedly con 
nected to the top of the valve piston and the 
upper end of the rod has a Screw-threaded con 
nection 5 to the botton portion of tile exhaust 
Valve element £5. A Screw plug 53 is threaded 
in an opening in the housing Section is im 
mediately above the exhaust-valve element 45. 
This screw plug provides a means for adjusting 
the open position of the exhaust-valve element 
45. The valve 35 is biased to open position 
by the compression Spring 25 which biases the 
Valve-operating piston 3 to its upper position. 
The single-valve operating piston i2A, when 
moved down Wardly by compressed air upon open 
ing of the pilot valve, serves to move the exhaust 
valve element 45 to closed position and open 
the main-inlet Valve 9. 
The exhaust-valve element is 5 and connected 

actuating piston 2 are movable relative to the 
inlet valve element 38, a space being provided 
between the upper end of the valve piston 2 
and the top of the inlet-valve stem so that 
the piston, when Operated, will actuate the ex 
haust valve to closed position prior to opening 
the inlet valve 9. This prevents Wastage of 
compressed air through the exhaust when the 
inlet Valve opens. 
An additional exhaust for the operating cylin 

der is provided by a plurality of atmosphere ex 
haust ports 55 provided in the cylinder portion 
of the Valve housiiig. These atmosphere exhaust 
ports are opened when the valve piston 2 is in 
its upper inoperative position, but are closed by 
the skirt portion of the valve piston as the valve 
piston moves downwardly to open the inlet-valve 
element $3. 

he rate of fiow of compressed air into the 
circuit-breaker operating cylinder through the 
inlet gaSSage 65 is adjusted by means of an 
adjusting screw 5i (Fig. 2) which determines the 
effective cross-sectional area of 
through willich air is admitted to the operating 
cylinder. This screw is set to obtain the desired 
closing speed of the breaker. 

Tine airlount of venting of the operating cyl 
inder which takes place back through the inlet 
paSSage 5 and out througin the exhaust ports 
53 alone is insufficient to permit the desired 
high-speed full venting of the cylinder, due to the 
iecessarily restricted size of the inlet passage 
aid passage through the ports 55. The exhaust 
paSSage through the pipe connection 43 and the 
exhaust valve 5 is relatively large however, so 
that rapid and full venting of the cylinder is 
obtained. 
The operation of the circuit-breaker mecha 

nism is briefly as follows. ASSunning the circuit, 
breaker is in open position as shown in Fig. 1, 
closing of the circuit breaker is effected by ein 
ergizing the electromagnet i39 of the control 
Valve device. When the electromagnet is 

the paSSage 
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8 
energized, the pilot valve 33 opens and admits 
compressed air from the tank 89 to the top of the 
valve-actuating piston 2. The valve-actuating 
piston is moved downwardly, closing the exhaust 
valve 45 and opening the intake valve 109, 
Compressed air is thereupon admitted from the 
tank 89 directly into the upper end of the main 
operating cylinder and drives the operating pis 
ton 25 downwardly to the bottom of the cylinder 
to effect closing operation of the circuit breaker. 
As soon as the circuit breaker reaches closed po 
sition, the electromagnet 9 is deenergized and 
the pilot valve 33 closes allowing the valve cylin 
der to be vented to atmosphere whereupon the 
springs 7 and 25 immediately close the intake 
valve 99 and open exhaust valve 45 fully vent 
ing the circuit breaker operating cylinder to at 
mosphere. 

If there is no fault condition Such as an over 
load or short circuit in the main circuit at the 
time the circuit is completed by the breaker, the 
circuit breaker will be latched closed and held 
closed by the latching means. However, if there 
is a fault condition. Such as an overload or short 
circuit condition at the time the circuit breaker 
completes the main circuit, the trip device 6 will 
be immediately energized and effect release of 
the latching means i S-4 to trip the circuit 
breaker free of the operating piston 25. 
With the circuit breaker in the closed circuit 

position, if an overload or short circuit occurs in 
the main circuit controlled by the breaker, the 
trip device 6 Will be immediately energized. Op 
eration of the trip device causes release of the 
high-Speed latch means 47-45 whereupon the 
circuit breaker is immediately tripped open free 
of the operating piston 25, by the release of the 
breaker lever 3?. During the initial counter 
clockwise opening movement of the breaker lever 
3 towards the open position indicated by the dot 
dash lines in Fig. 1, the pin 99 thereon moves the 
latch 93 to released position to release the clos 
ing lever 29. The closing lever when released is 
immediately moved quickly upwardly by the re 

3 trieving Springs 95 causing return of the latch 
roller end of the breaker lever 3 back to its 
latched position where it is latched by the latch 
ing means 5-7. This reestablishes the op 
erative Coninection between the circuit breaker 
and the Operating piston 25 so that the breaker 
is ready to be reclosed. During the retrieving 
movement of the levers 29 and 3, the operating 
piston 25 is pulled upwardly with the closing lever 
29 to which it is connected. The exhaust-valve 
element 45 is in open position at this time as 
are the exhaust ports 53, so that the upper por 
tion of the operating cylinder above the piston 
is fully vented to atmosphere. Consequently, air 
above the operating piston as it moves up is 
rapidly exhausted to atmosphere and does not 
retard the upward movement of the piston and 
the retrieving operation of the mechanism levers. 
AS a result the retrieving Springs will retrieve the 
mechanism very rapidly. 

If the control circuit is set for instantaneous 
automatic reclosing, the electromagnet 39 of the 
control Valve device will be energized the instant 
the latch roller 39 reaches the latched position. 
Energization of the electromagnet f39 opens the 
pilot valve 33 and causes compressed air to move 
the Valve pistOn 2 down to quickly close the 
exhaust valve $5 and open the intake valve io9, 
thereby admitting compressed air into the upper 
end of the operating cylinder to effect reclosing 
of the circuit breaker. If the fault condition has 
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been cleared by the time the circuit breaker 
reaches the closed position, the circuit breaker 
will be latched and held closed by the latching 
means. However, if the fault condition is still 
present upon completion of the main circuit, the 
circuit breaker will immediately be tripped open 
free of the operating piston 25 by the operation 
of the trip device 6. 
The control-valve device is of very simple and 

compact construction and the valve elements 
thereof respond and operate very quickly through 
relatively short strokes, and only a small amount 
of electrical control energy is required for opera 
tion of the device. There is substantially no loss 
or Wastage of compressed air from the tank 
through the valve device because the exhaust 
valve element closes prior to opening of the in 
take-valve element and the two valve elements 
are returned to their normal position substan tially simultaneously. 
The improved control valve device of the pres 

ent invention is illustrated in Fig. 3 as embodied 
in a different circuit-breaker operating mecha 
nism of the pneumatic type wherein the circuit 
breaker is non-releasably connected by its rod 
directly to the operating piston 65. The struc 
ture of the mechanism shown in Fig. 3, except for 
the control valve device, is similar to the mech 
anism disclosed in the aforementioned EPatent No. 
2,399,328, issued April 30, 1946, to James M. Cunn 
ming. The mechanism comprises a casting 
formed to provide a cylinder 63 in which the op 
erating piston 65 is movable. The circuit 
breaker rod 9 is connected by a pivot pin to a 
latching lever 73 which is pivotally mounted at : 
one end on the casting 67 by means of a pivoted 
link 5. The pivot pin also connects the cir 
cuit-breaker rod and latching lever directly to the 
connecting rod of the operating piston 5. 
The circuit breaker is adapted to be releasably 
held in closed circuit position by a high-speed 
latching means 45'-4" for engaging and hold 
ing a latch roller 9 carried by the free end of 
the latching lever 3. The latching means is 
adapted to be released to trip the circuit breaker 
by means of a trip device 8 upon the occurrence 
of predetermined abnormal conditions in the main 
circuit such as an overload or short, circuit condi 
tion. The latching means 45’-3’ and the trip 
device S are similar in construction to the 
high-speed latching means and trip device shown 
and described in the original embodiment of the 
invention. 
The control valve device 9 is of the same Con 

struction as that shown in Fig. 1 and described 
in connection therewith, and the parts thereof are 
identified by the same reference characters. The 
inlet-valve element 9 is adapted to admit conn 
pressed air from an auxiliary air-storage tank 33 
directly into the upper end of the operating cyl 
inder 69 to effect closing or automatic reclosing 
Operation of the circuit breaker, upon energiza 
tion of the electromagnet 39 which controls op 
eration of the valve device. The housing of the 
waive device is secured to the casting of the mech 
anism, and the inlet passage of the valve housing 
communicates directly with an inlet port in the 
upper end of the cylinder. The exhaust passage 
4 of the Valve device communicates With the 

upper end of the operating cylinder through the 
pipe connection 43 as in the original embodiment 
shown in Fig. 1, the exhaust passage being nor 
mally opened directly to atmosphere by the ex 
haust-valve element 45. 
The operating mechanism shown in Fig. 3 is 
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adapted to effect normal closing operations of the 
circuit breaker started from the full-open posi 
tion thereof and is also automatically operable to 
effect quick automatic reclosing of the circuit 
breaker initiated at an intermediate point in the 
opening stroke after the current arc is extin 
guished and before the circuit breaker reaches the 
full-open position. The control circuit (not 
shown) for the valve electromagnet 39 and the 
trip coil of the trip device 3; in this modification 
is the same as the control circuit disclosed in the 
aforeinentioned copending application of James 
M. Cumming and Richard C. Cunningham, Serial 
No. 410,686, filed September 13, 1941. The con 
trol circuit has not been shown since it is not 
necessary to a complete understanding of the 
present invention. It is believed Sufficient to state 
that, the coil of the trip device 8 is energized 
in response to an overload or short circuit in the 
main circuit, and can also be energized by a 
manual trip-control switch. For quick automatic 
reclosing operations, the electromagnet 39 of the 
control valve device is arranged to be automati 
cally energized by an auxiliary Switch at an in 
termediate point in the opening stroke of the cir 
cuit breaker to cause the valve to admit Con 
pressed air to the operating cylinder to initiate the 
reclosing operation before the breaker reaches the 
full-open position. The electromagnet 39 may 
also be energized by a manual closing-control 
Switch. - 

The operation of the circuit breaker mechanism 
shown in Fig. 3 is briefly as follows. Closing of the 
circuit breaker is effected upon energization of 
the electromagnet 39 which causes operation of 
the control Valve device to close the exhaust-Valve 
element 45 and open the intake valve 9 there 
by admitting compressed air to the operating cyl 
inder to effect closing of the circuit breaker. With 
the circuit breaker in closed position, if an Over 
load or short circuit, condition occurs in the main 
circuit, the trip device 9 will be energized caus 
ing the latching means 45'-?' to release the 
latching lever 73 whereupon the circuit breaker 
is actuated to open position at high Speed by its 
opening Snring. At this time the exhaust valve 
element, 85 is in open position and consequently 
the cylinder space above the cperating piston is 
rapidly and fully vented directly to atmosphere so 
that the opening movement of the operating pis 
ton and circuit breaker is not retarded by back 
pressure in the cylinder. This facilitates high 
speed opening movement of the circuit breaker 
and piston. 

If the control circuit is set for quick automatic 
reclosing. the electromagnet 39 will be energized 
at an intermediate point in the opening stroke 
causing the valve mechanism to close the exhallst 
valve A5 and open the intake valve 9 thereby 
admitting compressed air from the tank 8 into 
the upper end of the operating cylinder to effect 
reclosing operation of the circuit breaker. The 
reclosing movement is initiated before the breaker 
reaches full open position. The electromagnet 

i5 39 is deemergized as soon as the breaker reaches 
the closed position thereby causing the intake 
valve element 29 to close and the exhaust valve 
element 45 to open. If the fault condition which 
causes tripping of the breaker has been cleared by 

to the time the circuit has been reclosed, the breaker 
will be latched and held closed by the latching 
means. Otherwise, the breaker will immediately 
trip open at high speed. 

In the embodiment of the invention slown in 
75 Fig. 3, the control valve device provides for quick 
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reversal of movement of the circuit breaker and 
piston and high-speed opening movement of these 
parts because of the rapid and full venting of 
the cylinder by the exhaust valve 45. The con 
trol-Valve device also facilitates quick reWersal 
of movement of the parts from opening to closing 
direction because of the quick closing of the ex 
haust valve and opening of the intake valve. As 
a result, high-speed opening and reclosing of the 
circuit breaker is obtained. 
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 and combination and 
arrangement of parts may be made without de 
parting from some of the essential features of 
the invention. 
We claim as our invention: 
1. An operating mechanism of the pneumatic 

type for operating an electrical circuit breaker 
comprising a cylinder, a movable operating pis 
tOn in said cylinder disengageably related with 
the circuit breaker, means normally restraining 
said circuit breaker in closed position, said means 
being operable to permit said breaker to move 
to open position irrespective of said piston, a 
Source of compressed gas, and a control Valve 
device for admitting compressed gas to said cylin 
der to move Said piston in one direction to operate 
the breaker and for also rapidly venting said 
cylinder directly to atmosphere to permit high 
speed reengagement of said piston to said circuit 
breaker, said valve device having an inlet passage 
communicating with said cylinder, a large ex 
haust passage for rapidly venting said cylinder 
directly to atmosphere connected to said cylinder 
apart from the connection of the inlet passage 
to the cylinder, an intake valve element biased 
to closed position to close off said inlet passage 
from Said source, an exhaust valve element biased 
to open Said exhaust passage, and a single actu 
atting piston connected to Said exhaust Valve and 
operable When energized to close Said exhaust 
valve element and engage and open said intake 
Valve element. 

2. An operating mechanism of the pneumatic 
type for an electrical circuit breaker comprising 
an Operating cylinder, an operating piston in said 
cylinder releasably connected to the circuit 
breaker, a Source of compressed gas, and a con 
trol valve device associated with said cylinder for 
admitting compressed gas to said cylinder to move 
Said piston in one direction to operate the breaker 
and for also rapidly venting said cylinder directly 
to atmosphere to permit high-speed reverse move 
ment of said piston, reconnect said pistons to 
Said circuit breaker, said valve device comprising 
an inlet paSSage connected to said operating cyl 
inder, a large exhaust passage for rapidly venting 
said cylinder directly to atmosphere connected 
to said operating cylinder apart from the con 
nection between the inlet passage and the cylin 
der, an inlet waive element biased to normally 
close said inlet passage, an exhaust valve element, 
movable relative to said inlet valve element and 
biased to normally open said exhaust passage, 
and Valve actuating means including a single 
actuating element connected to said exhaust valve 
element and operable when said actuating neans 
is energized to close said exhaust valve element 
and engage and move said inlet valve element 
to open position. 

3. An operating mechanism of the pneumatic 
type for operating an electrical circuit breaker 
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comprising a cylinder, an operating piston in 
Said cylinder for Operating the circuit breaker, a 
Source of compressed gas, and a control valve 
device associated. With said cylinder for admit 
ting compressed gas to said cylinder to move said 
piston in one direction to operate the circuit 
breaker and for also rapidly venting said cylinder 
directly to atmosphere to permit high-speed re 
Verse movement of Said piston, said valve device 
having an inlet paSSage connected to said cylin 
der, a large exhaust passage for rapidly venting 
Said cylinder directly to atmosphere connected 
to said cylinder apart fion the connection of said 
inlet passage to the cylinder, an inlet valve ele 
ment biased to closed position to close said inlet 
paSSage, an exhaust valve element movable rela 
tive to Said inlet valve eleinent and biased to open 
Said exhaust passage, Spring means for biasing 
said inlet valve element closed and said exhaust 
Valve element open, a second exhaust passage 
separate from Said large exhaust passage, valve 
actuating neans comprising a singie piston oper 
able by compressed gas to close said exhaust valve 
element and open said inlet valve element, said 
actuating piston when operated to open said inlet 
Valve directly closing said second exhaust passage, 
and a pilot Valve for controlling Operation of Said 
valve piston. 

4. In an electrical circuit breaker having mov 
able contact means, operating means for said 
breaker connprising Spring means biasing said 
breaker to open position, latching means for 
holding said circuit breaker closed, an operating 
Cylinder, an operating piston in said cylinder 
non-releasably connected to the movable contact 
means for closing the circuit breaker, a source 
of Coimpressed gas, and a control Valve device as 
sociated with said cylinder for admitting com 
pressed gas to Said cylinder to actuate said piston 
to close the circuit breaker and for also rapidly 
venting said cylinder directly to atmosphere to 
permit high-speed opening of said circuit breaker, 
said control valve device having an inlet passage 
connected to said cylinder, a large exhaust pas 
sage for rapidly venting said cylinder directly 
to atmosphere connected to said cylinder apart 
from the connection of the inlet passage to said 
cylinder, an inlet Valve element biased to closed 
position to close Said inlet passage, an exhaust 
Valve element movable relative to said inlet valve 
element and biased to open said exhaust passage, 
and Valve actuating means operable when ener 
gized to close said exhaust valve element and open 
Said inlet Valve element. 

5. In an electrical circuit bleaker having mov 
able contact means, operating means for said 
breaker comprising Spring means biasing said 
breaker to Open position, latching means for 
holding said circuit breaker closed, an operating 
cylinder, an operating piston in said cylinder 
non-releasably connected to the movable contact 
means for closing the circuit breaker, a source 
of compressed gas, and a control valve device 
associated with Said cylinder for admitting com 

3 pressed gas to Said cylinder to actuate said piston 
to close the circuit breaker and for also rapidly 
venting said cylinder directly to atmosphere to 
permit high-Speed opening of said circuit breaker, 
Said control valve device having an inlet pas 
Sage coinected to Said cylinder, a large exhaust 
passage for rapidly venting said cylinder directly 
to atmosphere connected to said cylinder, an inlet 
valve element biased to closed position to close 
said inlet passage, an exhaust valve element mov. 
able relative to Said inlet valve element, and biased 
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to open said exhaust passage, spring means bias 
ing said inlet Valve element closed and said ex 
haust valve element open, and valve actuating 
means comprising a single piston Connected to 
Said exhaust valve element and operable by Com 
pressed gas to close said exhaust valve element 
and engage and move said inlet Valve element to 
open position after it has initiated closing move 
ment of said exhaust valve element, and an elec 
tromagnetically controlled pilot Valve for con 
trolling operation of said Walve piston. 

6. In an electrical circuit breaker having mov 
able contact means biased to open circuit posi 
tion, operating means for said breaker compris 
ing a cylinder, an operating piston in said cylin 
der operable in one direction to close said breaker, 
trip-free resettable connecting means releasably 
connecting said circuit breaker to Said piston, 
latching means for holding said circuit breaker 
closed and for holding said connecting means in 
connecting condition, tripping means for releas 
ing said latching means to cause tripping of said 
circuit breaker free of said piston, means oper 
able upon opening movement of Said circuit 
breaker for causing said piston to be moved in 
reverse direction to reset, said trip-free connect 
ing means, a source of compressed gas, a Control 
valve device associated with said cylinder for 
admitting compressed gas to Said cylinder to close 
the circuit breaker and for also rapidly venting 
said cylinder directly to atmosphere to permit 
high-speed reverse movement of said piston, said 
Valve device having an inlet passage through 
which compressed gas is admitted to said cylin 
der, a large exhaust passage for rapidly venting 
said cylinder directly to atmosphere, an inlet 
valve element biased to normally close said inlet 
passage, an exhaust valve element movable rela 
tive to said inlet Valve element and biased to 
normally open Said exhaust passage, actuating 
means for said valve elements comprising a single 
piston operable by compressed gas to close said 
exhaust valve element and move Said inlet Valve 
element to open position, and an electromagneti 
cally controlled pilot valve for controlling oper 
ation of said Valve piston. 

7. A fluid pressure operating mechanism of the 
trip-free type for an electrical circuit breaker 
comprising a cylinder, a piston in said cylinder 
movable in one direction to close the circuit 
breaker, means disengageably relating said piston 
to said circuit breaker, latching means for hold 
ing said circuit breaker closed, said latching 
means when released permitting said circuit 
breaker to trip open free of Said piston, a source 
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of compressed gas for operating said piston, and 
a control valve device associated with said cylin 
der for admitting compressed gas to said cylin 
der to close the circuit breaker and for also rap 
idly venting said cylinder directly to atmosphere 
to permit high-Speed reengagement of said pistOn 
to said circuit breaker, said control valve device 
comprising an inlet passage connected to said 
cylinder through which compressed gas is ad 
jihitted to said cylinder, a large exhaust passage 
for rapidly Venting said cylinder directly to at 
mosphere connected to said cylinder apart from 
the connection of said inlet passage to the cyl 
iiider, an inlet valve element biased to close said 
inlet passage, an exhaust valve element biased to 
Open said exhaust passage, and actuating means 
operable When energized to close said exhaust 
valve element and open said inlet valve element. 

8. A fluid pressure operating mechanism of the 
trip-free type for an electrical circuit breaker 
comprising a cylinder, a piston in said cylinder 
movable in one direction to close the circuit 
breaker, means disengageably relating said piston 
to said circuit breaker, latching means for hold 
ing said circuit breaker closed, said latching 
means when released permitting said circuit 
breaker to trip open free of said piston, a source 
of compreSSed gas for Operating said piston, and 
a control Valve device a SSCciated With Said cyl 
inder for admitting compressed gas to said cyl 
inder to close the circuit breaker and for also 
rapidly venting said cylinder directly to atmos 
phere, said control valve device comprising an 
inlet passage connected to said cylinder through 
Which compressed gas is admitted to said cylin 
der, a large exhaust passage connected to said 
cylinder for rapidly wenting said cylinder directly 
to atmosphere to permit high speed resetting of 
Said trip-free mechanism, an inlet Valve element 
biased to close said inlet passage, an exhaust valve 
element movable relative to said inlet Valve ele 
ment and biased to open said exhaust passage, 
spring means biasing said inlet valve element 
closed and said exhaust valve element open, and 
Valve actuating means Comprising a single actu 
ating piston connected to said exhaust valve ele 
ment and operable by compressed gas to close 
said exhaust Valve element and engage and move 
said inlet valve element to open position after it 
has initiated closing of said exhaust Valve ele 
ment, and an electromagnetically controlled pilot 
valve for controlling operation of said valve 
piston. 

SAMUEL H. BODEN. 
JAMES M. CUMMING. 


