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1. 
This invention relates to circuit breakers and 

inore particularly to circuit breakers of the type 
used for controlling light to moderate power dis 
tribution circuits, 
An object of the invention is to provide a 

circuit breaker embodying a novel trip device 
that is operable to trip the breaker after a 
relatively long time delay in response to over 
load currents of itsellative low value, after a rela 
tively short time delay in response to Over 
load currents of intermediate value below a pre 
determined yalue, an instantaneously in response 
to overload currents above said predetermined 
value or short circuits. 
Another object of the invention is to provide 

a circuit, breaker embodying an electromagnetic 
trip device having a novel time-delay device 
and neans for limiting the force applied by the 
electromagnet to the time-delay device. 
Another object of the invention is to provide 

a circuit; breaker having a trip device embody 
ing a novel time-delay device of the liquid dash 
pot, type in which time delays of differen: dura 
tion in different ranges of overload currents are 
provided by admitting liquid to the dashpot at 
different rates. 
Another object of the invention is to provide 

a circuit breaker embodying a novel time-delay 
device of the liquid dashpot type wherein differ 
ent, amounts of time delay are provided by the 
operation of one or more valves to admit liquid 
to the dashpot at different rates. 
Another object of the invention is to provide 

a circuit breaker embodying a novel trip device 
and a time-delay device of the liquid dashpot 
type wherein time delays of different durations 
are provided by the operation of one or more 
valves for admitting liquid to said dashpot, at 
least one of the valves being operated electro 
magnetically in response to overload currents of 
a predetermined magnitude. 
Another object of the invention is to provide 

a circuit breaker having a trip device embody 
ing a novel time-delay device comprising a 
dashpot in which time delays of different dura- i. 
tions in different ranges of overload currents are 
provided by admitting liquid to the dashpot at 
different rates and in which instantaneous trip 
ping is effected by admitting a gaseous fluid to 
said dashpot. 

Another object of the invention is to provide 
a circuit breaker embodying a novel time-delay 
device. Wherein time-delay tripping is effected 
by admitting liquid to a, dashpot and Substan 
tially instantaneous tripping is effected by ad- 5 
mitting air to the dashpot. 
Another object of the invention is to provide 

a circuit breaker embodying a novel trip device 
and a time-delay device of the liquid dashpot 
type having separate valve means for control 
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ling the admission of liquid from a liquid storage 
chamber to said dashpot to provide time-delay 
actions of different durations and having ad 
justing ineans for adjusting the amount of open 
ing of the valve means to vary the amount of 
time delay provided by each valve. 

Afurther object of the invention is to provide 
a circuit breaker embodying a novel trip device 
2nd a time-delay device of the liquid dashpot 
type having a liquid storage chamber and a 
plurality of valves for controlling the admission 
of liquid from said chamber to said dashpot, 
Certain of said valves being operated electro 
magnetically, adjusting means for adjusting the 
asiount of opening of certain of said valves and 
other adjusting means for selecting the mini 
intain overload current required to operate cer 
tain of Said valves. 
Another object of the invention is to provide 

a circuit breaker embodying a novel trip device 
having a time-delay device providing time-delay 
tripping of different duration for different ranges 
of overload currents as well as instantaneous 
tripping, Separate adjusting means for varying 
the amount of time delay in each range and sep 
arate adjusting means for selectively determin 
iing the minimum overload current requirement 
for each range of time-delay tripping and in 
stantaneous tripping, all of the adjusting means 
being disposed for easy access. 
The novel features that are considered char 

acteristic of the invention are set forth in the 
appended claims. The invention itself, how 
ever, both as to structure and operation, to 
gether with additional objects and advantages 
thereof, will be best understood from the follow 
ing detailed description of a preferred embodi 
ment thereof, when read in connection with the accompanying drawings. 

In said drawings: 
Figure 1 is an elevational view partly in sec 

tion of a circuit breaker embodying the principles 
of the invention; 

Fig. 2 is a vertical Sectional view through the 
trip device taken substantially along line II-II 
of Fig. 3 and looking in the direction of the 
arrows; 

Fig. 3 is a sectional plan view of the time-delay 
device taken substantially along line III-III of 
Fig. 2 and looking in the direction of the arrows; 

Fig. 4 is a fragmentary sectional view taken 
on line IV-V of Fig. 3 and showing the short 
time-delay valve device and the adjusting means 
therefor; 

Fig. 5 is a Sectional view taken on line V V of 
Fig. 3 and showing the pick-up adjustment for 
the short-time-delay valve-operating armature; 

Fig. 6 is a fragmentary sectional view taken 
Substantially on line WI-VI of Fig. 3 and showing 
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the instantaneous valve device and the adjusting 
means therefor; . 5...a ". . . . . . . . 

Fig. 7 is a sectional view taken on line VII-VII 
of Fig. 3 showing the long-time-delay valve and 
the adjusting means therefor; 

Fig. 8 is a fragmentary sectional view Showing 
the resetting check valve between the liquid 
storage chamber and the dashpot; i. ... . . . 

Fig. 9 is an elevational view of the time-delay 
device showing the scale plate and the Several 
adjusting knobs; : 

Fig. 10 is a schematic view of the trip device 
illustrating the several adjusting means for the 
time-delay device; and . . . . . . . . . . 

Fig. 11 is a schematic diagram showing the 
range of adjustments of the trip device. 
Referring to Fig. 1 of the drawings, the circuit 

breaker includes a plurality of pole units each 
comprising a contact structure indicated gener 
ally at and an over-current trip device indi- 2 
cated generally at 3. The contact structure and 
the trip device for each pole unit are mounted 
on a separate insulating base 5 which is rigidly 
secured to a metal supporting panel 7. Since 
the pole units are alike, only the center pole unit 
is illustrated and described herein. . . . . 
The contact structure f l comprises stationary 

main and arcing contacts 9 and 2i both secured 
on the inner end of a terminal conducting bar 
23 and cooperating movable main and arcing con- : 
tacts 25 and 27. The movable contacts are 
rigidly secured to a contact-carrying member 23 
pivotally mounted by means of a pivot pin 3 
on a U-shaped switch arm 33 which, in turn, is 
pivotally supported by pivot means 35 on brackets 
37 rigidly mounted on the insulating base 5. 
The movable contact-carrying member 29 is 

electrically connected by means of a flexible con 
ductor 39 to the energizing coil of the trip device 
13. A spring 4 compressed between the movable 
contact-carrying member 29, below its pivot 3 
and the insulating base 5 provides contact pres 
sure in the closed position of the breaker and 
also biases the movable contact structure in open 
ing direction. - - - - - - . . . . . . . . . . . . . . 
The movable contact structure is normally 

maintained in the closed position by means of 
an operating mechanism indicated generally at 
43 mounted in a U-shaped frame 45. The frame 
45 is supported on a platforn - - - - 
cross member of a ge 
bracket comprising a pair of spaced si 
49 rigidly connected at their outer er 
cross member or platform 47. The 
extends substantially across the width of the 
breaker, and the side members 49 are suitably 
secured to the metal p - 
the two outer pole units of the breaker. 
The operating mechanism includes a lever 5 

mounted on a pivot pin-53 supported in the side 
members of the frame. A5. The lever 5i carries 
a rod 55 extending across all of the poles of the 
breaker and is connected by means of insulating 
connecting-members 51, to the pivot pias3.g. in 
the free ends of the switch arms 33 for the sev 
eral poles of the breaker so that upon operation 
of the rod 55 the movable contacts of all of the 
poles move in unison. - . . . . .3 
An operating linkage co gtoggle links 

59, 6 and 63 is provided to releasably hold the 
lever 5 and consequently the movable contact 
in the closed position and to - ... a '. 
contacts to open and closed posi . . is VVss 
link 59 is pivotally connected to the lever 5 by 
means of a pivot pin 65, and the toggle link 63 

4. 
is pivoted on a fixed pivot 6 supported in the 
frame 45. The toggle link 6 is pivotally con 
nected to the links 59 and 63, respectively, by 
knee pivot pins 69 and 7. 
The linkage 59, 6, 63 comprises two toggles, 

one of which 59-6 may be designated as the 
tripping toggle and the other 61-63 as the closing 
toggle. The tripping toggle 59-6 ? is normally 
slightly underset above a line drawn through the 

() centers of the pivot pins 65-7 and the ciosing 
toggle 61-63 is normally underset below a line 
drawn through the centers of pivot pins 67-69. 
The closing toggle 61-63 is normally prevented 
from collapsing downward by a support member 

15 73 pivoted on a pivot pin 75 supported in the 
frame 45 and having shouldered portion engaging 

5 

The tripping toggle 5 normally biased 
in a direction to cause its collapse by a component 
of the force of the springs.4 which bias the mov 
able contact structures for the three poles of the 

n and bias the con 
i the left (Fig.1). The 

collapsing by means of a latch member 77 
pivoted on the pin 53 and connected by means of 
a link 79 to the 69 of the tripping toggle. 
The main rT1 is held in latch 

iate latch lever 8 piv ing position by an interm - ------. a 
oted on the pin 15. The intermediate latch lever 
8 carries at its upper end a latch roller 83 en 
gaging the main latch 77 and at its lower end 
has a latching portion 85 normally engaging a 
latch member 81 on a channel-shaped latch 89 
pivoted on a pivot pin.9t in the frame 45. A 
Spring 93 serves to bias the latch lever 81 and 
the latch 89 to their latching positions. 
Atrip bar 95, ing across all of the poles 

of the breaker, is rigidly mounted on the right 
hand end of the channel-shaped latch 89 and 
has insulating brackets 97 (only one being shown) 

being a bracket 97 for each 
Each of the brackets 97 

y mounted there 
is on for cooperating with the trip device 3 of its 

associated pole in a manner to be presently de 
Scribed. . . . . . . . . ." . . . . . . 
The breaker is tripped open manually by means 

of a cam member 10 mounted on the inner end 
of a handle shaft 103 journaled in a bearing 105 
mounted in the front piece of the frame 45. The 
handle is not shown in the drawings but is rigidly 

run - 5f the shaft 103 and 
a central position in 

well-known manner by means of a spring 07. 
Rotation of the handle shaft iO3 in tripping 

direction causes the cam member of to engage 
and actuate the latch member 89 in counter 
clockwise or unlatching direction to unlatch the 
intermediate latch lever 81, which, in turn, re 
leases the mainlatch 77. This permits the trip 
ping toggle 59-61 to c pwardly to effect 
opening of the breaker contacts. During the 
collapse of the tri e, a portion 09 of 

, the toggle link6f engages and actuates the sup 
port member 13 to a non-supporting position, 

g toggle 61-63. The 
ollapses downwardly 
ets and relatches the 

ar 

--- w be operated to 
the closed position by ing the shaft 03 
and the cam lot in the direction opposite to the 
tripping direction. This causes the cam 0 to 
engage a projection f on the closing toggle 
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link 63 and moves this link counterclockwise 
about its pivot 67 until the Support member 73 
resumes its supporting position below the knee 
pivot pin 7 . During the closing operation, the 
link 79 prevents collapse of the tripping toggle 
59-6 which acts as a thrust transmitting means 
and moves the movable contact structure to the 
closed position. 
The breaker is automatically tripped open by 

operation of the trip device 3 for any pole of 
the breaker. The trip device includes generally 
a tripping electromagnet 3 (Figs, 1 and 2) and 
a time-delay device 5. The tripping magnet 3 
includes a C-shaped magnet yoke . The ends 
23 of the magnet yoke form mounting feet and 

are drilled and tapped to receive mounting bolts 
25 and 27 as shown in Fig. 1. 
The upper end of a stationary magnet core 29 

is provided with an internal thread which cooper 
ates with a threaded nipple 3 disposed in an 
opening in the magnet yoke to rigidly Secure the 
stationary core 29 to the magnet yoke. 
Surrounding the stationary core member 29 

is an insulating tube 39 around which is dis 
posed the energizing coil 4 of the magnet. 
As shown in Fig. 1, the bolt 25 which secures 

the upper end of the magnet yoke to the base 5 
also secures the flexible conductor 39 to the upper 
turn of the coil 4. The lower turn of the coil 
4 is formed into a lug 43 which, together with 

the inner end 45 of a terminal f47 is secured to 
the base f 5 by means of a bolt 49. A tubular 
member 5 (Fig. 2) of magnetic material is 
mounted in an opening in the lower portion 
of the magnetic yoke f l and extends upwardly 
within the insulating tube 39. Disposed within 
the tubular member 5 is a movable core mem 
ber or armature 53. The armature 53 is pro 
vided with a central opening through which ex 
tends a trip rod 6 extending axially through 
the movable armature 53 and an opening in the 
nipple f3. A spring 53 coiled about the trip 
rod 6 is compressed between a counterbore 
in the armature 53 and a collar 59 held in 
place on the trip rod by a Spring clip 55 seated in 
an annular groove in the trip rod 6i. The 
armature 53 normally rests on a spring clip 69 
seated in a groove in the trip rod 6. 
The trip iod S is moved upwardly to the trip 

brease under the control of the tie-delay d2 
vice which comprises, generally, a movable 
abutinen, or fiexile diaphragm 8 (Fig. 2) 
cooperating with the lower end of the trip rod 
and several valve eierments for admitting air to 
the space below the Inovable abutment or dia 
phragna at various lates to provide different, 
amounts of time delay. The flexible diaphragm 
is disposed in a chamber formed in an upper 
housing ne:mber and a lower housing member 
;3, both of said housing members being formed 
of inoided insulating material. The outer edge 
of the siaphragm is, together with a sealing 
gasket 75, is clamped between the housing 
aembers to form an airtight seal. The housing 
inheinbei's 2-3 are secured together and 
rigidly secured to the magnet yoke by means 
of botS (not shown). The central portion of 
the diaphragm 67 is clamped between upper 
sid lower clamp members and 8, respec 
tively. A reduced end 33 of the trip rod lef, 
extending downwardly through openings in the 
camp members T 9 and 3 and in the flexible 
diaphragm, is formed over against the lower 
face of the latter to form an airtight Seal. 

Since the spaces above and below the dia 
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phragm 6 are completely sealed off from each 
Other and the space above the diaphragm is at 
atmospheric pressure, any force tending to raise 
the trip lod 6 f will be restrained by the partial 
Vacuur below the diaphragm. In order to con 
trol the tripping movement of the trip rod 6, 
Several valve devices are provided to admit liquid 
from a reservoir 25 (Figs. 2, 4, 6, 7 and 8) to 
the space below the diaphragm 57. The valve 
devices comprise a long-time-delay valve device 
indicated generally at 87 (Fig. 7) and a short 
time-delay valve device indicated generally at 89 
(Fig. 4). There is also provided an instantaneous 
valve device FS (Fig. 6) for admitting air from 
the Space above the diaphragm to the Space below 
the diaphragm to permit instantaneous operation 
of the trip rod (6?. 
The long-time-delay valve device (Sigs. 3 and 

7) comprises a valve rod 93 slidable axially in 
an Opening in the upper wall of the reservoir 85 
and having a tapered lower end S5 forming a 
valve which cooperates with a valve seat 9T 
formed in the lower housing neimber 73 to 
conti'ol a passage 28 communicating the res 
evoir 35 with the space below the diaphragin. 
The annount of opening of the valve 95-97 is 
Yanually adjusted by means of an S-shaped ad 
i-Stable member SS, the upper horizontal por 
tion 28 f of which engages an annular groove 23 
in the upper end of the valve rod f 93. An ad 
justing screw 205 threadedly engages a central 
Cross member 2 of the adjustable member and 
paSSes through an opening (not shown) in a 
over horizontal member 29 which has a reduced 
portion 2 extending through a slot 23 in a 
scale plate 25 mounted on the housing nembers 
f and i3. The adjusting screw 295 has a 
shaft portion 27 rotatably supported in the hous 
ing member 3 and has a knob. 23 rigid there 
With for manually rotating the screw. Rotation 
of the screw 205 will move the adjustable men 
be 9 up or down, depending on the direction 
of rotation, and move the long-time-delay valve 
i93 up or down to vary the amount of opening 
thereof. This varies the amount of time delay 
provided by the long-time-delay valve device 3. 
The pick-up point of the long-time-delay 

tripping may be varied by varying the tension of 
a biasing spring 22 (Figs. 2 and 3) which biases 
the main armature 53 against attraction. One 
end of the spring 22 is hooked in an opening 
in the bight of a U-shaped lever 223, the legs 
225 of which are pivotally supported in open 
ings in an upwardly extending portion 227 (Fig. 
2) of the housing member 7. At its right-hand 
end, as viewed in Figs. 2 and 3, the lever 222 is 
bifurcated and is provided with inwardly extend 
ing projections 229 which engage in an annular 
SIOOve 23 in the armature 53. The other end 
of the spring 22 f is attached to the vertical por 
tion of an angular adjustable member 233 hay. 
ing a horizontal portion 235 threadedly engaged 
by an adjusting screw 237. The portion 235 is 
provided with a reduced end 239 which projects 
through a slot 24 in the scale plate 25 to indi 
(late the Setting of the device. The Screw 22 
has a shaft portion 243 rotatablv not inted in the 
lower housing member 73 and a knob. 245 on the 
lower end of the shaft portion for manually rotat 
ing the Screw 237. It will be obvious that rota 
tion of the knob. 245 and Screw 237 Will move the 
member 233 up or down, depending on the di 
rection of rotation, and vary the tension of the 
spring 22 thereby varying the magnitude of 
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overload current required to operate the arma 
The short-time-delay valve device i89 (Fig. 4) 

comprises a valve member 247 slidable vertically 
in an opening in the upper wall of the reservoir 
185 and having a valve 249 on the lower end 
thereof cooperating with a valve seat 25f to con 
trol a passage 253 communicating the reservoir 
;35 with the space below the diaphragm. 
The short-time-delay valve 247 is adapted to 

be opened by means of an armature 255 (Figs. 3 
and 4) operated upon energization of the tripping 
electromagnet 3 (Figs. 1 and 2) in response to 
overload currents of predetermined value. The 
armature 255 is pivotally supported at its right 
hand end (Fig. 3) by means of projections 25 
on the armature engaging in recesses 259 in the 
housing member 7 i. The armature 255 is pro 
vided with an opening 26 for receiving a head 
263 of the valve 241 and the opening 26 has a 
narrow portion 265 for engaging an annular 
groove 267 formed by the head 263 and a collar 
269 on the valve.241. . . . . . . . 
The armature 255 is biased against attraction 

by means of a spring 271 (Fig. 5) having one end 
attached to a projection 273 of the armature and 
the other end attached to an adjustable member 
275. The adjustable member threadedly engages 
an adjusting screw 277 having a shaft portion 279 
rotatably mounted in the lower housing member 
| 73 and provided with a manual knob 28 for ro 
tating the screw 277 to vary the tension of the 
spring 27 to thereby vary the minimum overload 
current required to operate the armature 255. 
The adjustable member 275 has a reduced pointer 
283 extending through a slot 285 in the scale plate 
25 to indicate the adjustment of short-time-de 
lay pick-up. . . . . . . . . . 
The amount of opening of the short-time-de 

lay valve device. 89 and, hence, the amount of 
time delay provided by the valve device 89 may 
be varied by varying the extent of movement of 
the armature 255. This is effected by means of 
an S-shaped adjustable stop member 287 (Figs. 
3 and 4). The upper end of the member 287 is 
formed over or at 289 to provide an adjustable 
stop for the armature 255. The central cross 
member 29 of the member 287 is threadedly en 
gaged by an adjusting screw 293 which extends 
downwardly through a clearance opening in the 
lower member 295 of the S-shaped member and 
has a shaft-portion 297 rotatably mounted in the 
lower housing member 73. The lower member 
295 of the S-shaped member has a reduced end 
299 projecting through a slot 30 in the scale 
plate to act as a pointer for indicating the time 
delay setting of the short time delay. A knob. 303 
is provided on the lower end of the shaft portion 
297 for manually rotating the screw to adjust 
the stop 289. The stop 289 is disposed in the path 
of a projection 305 (Figs. 3 and 4) of the arma 
ture 255 and adjustment of the stop 289 will per 
mit, a greater or lesser movement of the arma 
ture and opening of the valve 249-25, thus vary 
ing the rate of flow of liquid from the reservoir 
{85 to the space below the diaphragm. This 
varies the amount of short time delay provided 
by the valve device f89. . . . 
The flow velocity of a liquid such as oil or one 

of the siliconesis relatively low and is well adapt 
ed as a medium for providing long and short 
time delays in the operation of the trip device. 
On excessive overload currents or short circuit 
currents, it is desired ot trip the breaker substan 
tially instantaneously. Stich liquids are, by rea 
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Son of their low flow velocity, unsuited for instan 
taneous tripping operations. In order to provide 
instantaneous tripping of the breaker, the instan 
taneous valve device (9 (Fig. 6) is arranged to 
control a passage for admitting air from the space 
above the diaphragm to the space below the dia 
phragm; the high flow velocity of air or other 
suitable gas permits unretarded tripping opera 
tion of the trip device. - 

Referring to Fig. 6, the instantaneous valve 
device 91 comprises a valve member 3G slidable 
vertically in an opening in the upper housing 
member 7t. An annular valve facing 309 seated 
in an annular groove in the lower end of the valve 
member 307 cooperates with a valve seat 3 
formed in the housing member 7 to control 
a passage 33 communicating with the space 
above the diaphragm 6 and a passage 315 com 
municating with the space below the diaphragm. 
The valve 307 is operated to the open position by 
means of an armature 317 (Figs. 3 and 6) piv 
otally supported at its right-hand end by means 
of projections 319 engaging in recesses 32 in the 
upper housing member fit. The armature 37 
is provided with an open slot 323 which engages 
an annular groove 325 formed on the valve mem 
ber 307 by a head 327 and a collar 329. The 
armature 317 is biased against attraction by a 
Spring 33 having one end attached to the arma 
ture 3 T by means of a clip 333 and the other 
end attached to an adjustable member 335. The 
adjustable member 335 is threadedly engaged by 
an adjusting screw 337 having a shaft portion 339 
rotatably mounted in the housing member 73. 
A knob 34t is provided on the lower end of the 
shaft 339. The adjustable member 335 is pro 
vided with a reduced portion 343 which extends 
through a slot 345 in the scale plate 245 to act 
as a pointer for indicating the pick-up adjust 
ment of the armature 327. The pick-up point 
of the instantaneous trip armature 3 is ad 
justed by rotating the knob 34 to vary the ten 
sion of the spring 33 . . - 
The trip device operates with time delays of 

different durations in two distinct ranges of over. 
currents below a predetermined magnitude, and 
instantaneously in response to overcurrents above 
the predetermined magnitude, or in response to 
short circuit currents. The ranges of overcur 
rents may be arbitrarily defined as, for e:ainple, 
a low range up to 500% or 600% of normal rated 
current, an intermediate range between 500% 
or 600% and 1000% of normal rated current, and 
instantaneous 1000% or more of normal rated 
current. 
Assuming an overcurrent within the low range 

of overcurrents, the trip device (referring p3.r- 
ticularly to Fig. 10) will operate as follows: Upon 
the occurrence of an overcurrent in the loy raige, 
the tripping electromagnet i 3 becomes ener 
gized and attracts the armature 33 upwardly. 
The armature acts through the spring 83 to pro 
duce an upward thrust on the trip rod : Si, the 
movement of the trip rod being retarded by the 
partial vacuum below the diaphragm 6i. The 
trip rod 6 moves slowly in tripping direction 
as liquid is drawn into the space below the dia 
phragm from the reservoir as through the long 
time-delay valve 85-92 (Fig. 7) until the up 
per end of the trip rod engages the headed screw 
99 (Fig. 1) and actuates the latch mechanism to 
effect tripping the breaker in the manner pre 
viously described. The time delay provided by 
the long-time-delay device f8 is in the order 
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of Seconds and may be varied by adjusting the 
Valve 95-197 (Fig. 7) as set forth previously. 
As Soon as the breaker contacts are Opened, 

the tripping magnet 3 is deemergized and the 
arnature 53 and the trip rod 6 are restored 
by means of the spring 22 and the force of 
gravity to their Fig. 2 positions. A ball check 
Valve 347 (Fig. 8) controls a passage 349 from the 
Space below the diaphragm 67 to the reservoir 
to provide for quick restoration of the armature 
.53, the trip rod Si and diaphragm 67 to their 
normal positions following a tripping operation. 
When an overcurrent occurs in the intermedi 

ate range of overcurrents, the electromagnet 3 
is energized Sufficiently to attract the short-time 
delay armature 255 (Figs. 3 and 4) upwardly 
against the adjustable stop 289 opening the short 
time-delay valve member 247 an amount deter 
mined by the adjustment of the stop 289. This 
admits liquid from the reservoir 85 to the space 
below the diaphragm 67 at a much higher rate 
than the long-time-delay valve alone and pro 
vides a relatively short time delay in the order 
of Cycles in the tripping operation. 

Energization of the tripping magnet 3 in re 
Sponse to an overcurrent in the intermediate 
range is not Sufficient to attract the armature 
37 for the instantaneous valve 307 (Figs. 6 and 
i0). However, upon the occurrence of an over 
Current of 1000% or more of rated current, both 
the short-time-delay armature 255 and the in 
stantaneous arnature 32 are actuated and open 
both the short-time-delay valve device f89 (Figs. 
4 and 10) and the instantaneous waive device 9 
(Fig.S. 6 and 10), thereby admitting both liquid 3 
and air to the Space below the diaphragm is at 
a rate sufficient to permit substantially instan 
taneous tripping movement of the trip rod lei. 
Since the long-time-delay valve device 3 (Fig. 
7), and the short-time-delay valve device 89 
(Fig. 4), as well as the instantaneous valve de 
Vice 9 (Fig. 6), are open on instantaneous trip 
ping Operation, a certain amount of liquid from 
the reservoir 85 will be drawn into the space 
below the diaphragm 67 on such operations. 
Due to the relatively high flow velocity of air as 
Compared to liquids, the amount of liquid drawn 
into the Space below the diaphragm will be rela 
tively small. It will be seen, by reference to Fig. 
8, that the passage 349 will, upon restoration of 
the trip rod 6 and the diaphragm, bleed off the 
air admitted to the Space below the diaphragm 
On instantaneous tripping operation so that any 
negligible quantity of air remaining below the 
diaphragn. Will not affect subsequent long- or 
ShOirt-time-delay tripping. A passage 35E (Fig. 
4) permits the air flowing out through check 
Valve 34 (Fig. 8) into the reservoir 35, to re 
turn to the Space above the diaphragm 8. 
On short-time-delay and instantaneous trip 

ping operations, the spring 63 limits the force 
applied by the moving armature 53 to the time 
delay device. On such operations the arnature 
53 is attracted immediately against the fixed 

core member 29 compressing the spring 63 
Which ther supplies the force necessary to actu 
ate the trip rod. Thus, the pull exerted. On the 
time-delay device is limited to the maximum force 
exerted by the Spring 53 when it is compressed. 
This prevents damage to the time-delay device 
and also provides a uniform pull on the time 
delay device. 
The herein-disclosed circuit breaker is Well 

adapted for the protection of distribution sys 
tems. Such distribution systems are usually 7 
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protected by a series of breakers including gen 
erator breakers, bus tie-in breakers, feeder 
breakers and load breakers. The circuit breakers 
of Such a System are usually set for Selective trip 
ping, that is, if a fault should occur at arly point 
in the System, the breaker nearest the fall and 
On the generator side of the fault should Open 
to clear the fault condition. 
The time-current requirement of the tripping 

device varies with the position of the breaker in 
the Selective System for which reason a trip device 
providing a Wide range of adjustment is eSSential. 
As shown in Figure 9, the trip device is Capable 

of a Wide range of adjustments. There are five 
Separate adjusting devices all located for ea.Se of 
accessibility. By way of example of the ranges 
of adjustment, the following have been arbitrari 
ly Selected for illustrative purpOSe: 

Range of long-time-delay pick-up, from 80 to 
160% of coil rating. 

2. Range of long time delay, from 23 to 86 sec 
Onds. 

3. Range of short-time-delay pick-up, from 500 
to 1000% of coil rating. 

4. Range of short time delay, from 4 to 30 cycles. 
5. Range of instantaneous pick-up from 1000 to 

1500 per cent of coil rating. 
Fig. 11 graphically illustrates the faingeS of the 

SeVeal adjustments of the trip device. Along the 
left-hand edge of Fig. 11 is indicated the time in 
Seconds. At the bottom is indicated the p8 Cent 
Of coil rating and along the right-hand edge is 
shown the time in cycles based on 60-cycle fre 
Quency. The curve A represents the minimum 
Settings of the adjustments and the Inaximum 
Settings are represented by the curve B. By ad 
justing the knob 245 (Figs. 2, 9 and 10), the long 
time-delay pick-up may be adjusted to pick l 
at any point in the band of adjustments defined 
by curves A and B as indicated at C, that is, by 
Way of example, between 80%, and i50% of coil 
rating. Adjusting the knob as (FigS. 7, 9 and 10) 
Which controls the long-time-delay valve 93 
Varies the amount of long time delay between 23 
and 86 seconds as indicated at D in Fig. 11. As 
indicated at E (Fig. 11) the short-time-delay 
pick-up may be set to pick up between 500% and 
1000% of coil rating. This is effected by adjust 
ing the knob 28 (Figs. 5, 9 and 10). The amount 
of short time delay may be varied between 4 and 
30 cycles, as indicated at F, by adjusting the knob 
303 (Figs. 4, 9 and 10). Finally, the instantaneous 
pick-up point may be varied between 1000%, and 
1500% of coil rating, as indicated at G, by adjust 
ing the knob 34 (Figs. 6, 9 and 10) which controls 
the tension of the biasing Spring 33 (Figs. 6 and 
10) for the instantaneous Valve-operating arma 
ture 3. 
Each of these adjustments may be made by 

merely turning the adjusting knob associated 
With the particular adjusting devices previously 
described. The adjustments are independent of 
One another and, as shown in Fig. 9, all of the 
adjusting knobs are Conveniently ocated. 
The complete adjustability of the trip device 

eliminates the necessity of increasing band width 
of adjustments to compensate for Ianufacturi 
variations and different coil ratings. 
Having described the invention in 2CCOrdace 

With the patent Statutes, it is to be understood 
that various changes and modifications may be 
made in the structural details an CO; in bination of 
elements disclosed without departing from some 
of the essential features of the invention, 



We claim as 'Our 'invention: 
i. In an electromagnetic trip device comprising 

a trip rod, an energizing winding, an armature 
operable upon energization of said Winding in 
response to overload currents to actuate Said trip 
rod, a time-delay element for retarding tripping 
operation of said trip rod, a housing definiiiga. 
chamber for said time-delay element and a Sep 
arate liquid storage reservoir, a plurality of paS 
sages communicating said reservoir and said 
chamber, valve means controlling Said passages to 
admit-liquid from said reservoir to Said chamber 
at different rates to effect time delays of different 
duration in the operation of said trip rod and 
electromagnetic means for actuating Said valve 
e2S, 
2. In an electromagnetic trip device comprising 

a trip rod, an energizing winding, an artinature 
operable upon energization of Said Winding in re 
sponse to overload currents to actuate Said trip 
rod, a time-delay element-for-retarding tripping 
operation of said trip rod, a housing defining a 
chamber for said time-delay element and a Sep 
arate liquid storage-reservoir, a plurality Ofiga S 
sages communicating said "...reservoir alid Said 
chamber, and valve means controlling Saidapas 
sages to admit liquid from Said “reservoir to Said 
chamber at different rates to effect-time delays of 
different rates to effect time delays of different 
duration in the operation of said trip rod, a sep 

'a e St. ssage communicating said chamber to at 
e, and valve means controlling said sep 

arate passage to admit air to said chamber to 
effect instantaneous operation of Said trip rod. 
3. In a trip"dev impr comprising a trip rod and 

an electromagnet operable when energized to 
effect tripping movement of Said trip rod, tine delay means comprising a dashpot attached to 
said trip rod for retarding tripping movement of said trip rod, an enclosing housing defining a g 
chamber for said dashpot and a liquid reservoir 
spaced from said chamber, a first valve for ad 
mitting liquid from said reservoir to said chain 
ber at a predetermined rate to effect a relatively 
longtime delay in the tripping movement of said 
trip rod, a second valve, and an armature oper ble automatically by said electromagnetic trip 
device in response to abnormal circuit conditions 
to actuate said second valve and increase the rate 
of admission of liquid from said reservoir to said 
chamber to effect a relatively short time delay 
in the tripping movement of said trip rod. 

4. In an electromagnetic trip-device compris 
ing a strip member, an energizing winding, an 
armature operables upon energization of said 
winding to actuate said trip: member, a time 
delay element comprising a flexible diaphragm 
for retarding tripping movement of Said trip 
member, a chamber, a reservoir containing liquid, 
a first valve means for admitting liquid from Said 
reservoir to said chamber at a predetermined 
rate to retard-movement of said trip member 
with a predetermined time delay, a second valve 
means, and a second armature operated in 1e 
sponse to predetermined abnormal circuit condi 
tions to actuate said second valve means and in 
crease the rate of admission of liquid from Said 
reservoir to said chamber. 

5. A trip device for a circuit breaker complis 
ing a trip member, electromagnetic means oper 
able when energized in response to overload cur 
rents to ractuate said trip member, time-delay 
means comprising a dashpot for retarding trip 
ping movement of said trip member, a housing 
defining a separate reservoir containing a liquid, 
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means defining a restricted passage admitting 
liquid from said reservoir to said dashpot to re 
tard tripping movement of Said trip member 
with a relatively long time delay when said: elec 
tromagnetic means is energized in response to an 
overload current below a predetermined Value, 
means defining a second passage-communicating 
Said dashpot to atmosphere, and a valve, oper 
able by said electromagnetic means When Said 
electromagnetic means is energized in response to 
an overload current above said predetermined 
value, Said Valve opening Said Second passage 
to admit air to said dashpot to permit said telec 
tronagnetic means to actuate said trip member 
Substantially instantaneously. 

6. In a circuit breaker having relatively mov 
able contact lineans and operating mechanism 
therefor, the combination of a trip member, a 
trip device cornprising electromagnetic means-op 
erable when energized in response to overload 
currents to actuate said trip member, time-delay 
ineans COinprising a dashpot for retarding trip 
ping movement of said trip member, a housing 
for Said dashpot defining a separate reservoir 

5 containing a liquid, means defining a restricted 
paSSage admitting liquid from said reservoir to 
said dashpot to retard tripping movement of said 
trip rilember when said: electromagnetic means is 
energized in response to an overload current below 
a predeteriniined value, means defining a second 
passage communicating said dashpot to the at 
mosphere, and a valve operable by said: electro 
magnetic means when said electromagnetic means 
is energized in response to an overload current 
above said predetermined value, said valve open 
ing Said Second passage to admit air-to said dash 
pot to permit said electromagnetic means to actu 
ate Said trip member substantially instantane 
ously. 

7. In a trip device for a circuit breaker, the 
combination of a trip rod, electromagnetic means 
for actuating said trip rod, time-delay means 
comprising a dashpot for retarding tripping move 
ment of said trip rod, a reservoir containing a 
Supply of liquid, a first valve for admitting liquid 
from said reservoir to said dashpot at a prede 
termined rate for effecting a long time delay of 
the order of seconds in the operation of said trip 
rod, a second valve for admitting liquid from said 
reservoir to said dashpot at a greater rate than 
Said first valve for effecting a short time delay 
of the order of cycles in the operation of said trip 
rod, and a third valve for admitting air to said 
dashpot at a rate to permit substantially instan 
taneous operation of said trip rod. 

8. In a circuit breaker having relatively mov 
able contact means and operating means there 
for, the combination of trip means, electrorespon 
sive means for operating said trip means, time 
delay means comprising a dashpot for retarding 
tripping. Operation of said trip means, a liquid 
storage chamber, a first valve means for admit 
ting liquid from said storage chamber to said 
dashpot at a predetermined rate for effecting a 
long time delay of the order of seconds in the op 
eration of Said trip means, a second valve means 
for admitting liquid from said storage chamber 
to said dashpot at a greater rate than said first 
Valve for effecting a short time delay of the order 
of cycles in the operation of said trip means, a 
first armature Operable when said electrorespon 
sive means is energized in response to overload 
currents below a predetermined value for actuat 
ing said second valve; a third valve for admitting 
air to said dashpot at a rate to permit instanta 
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neous operation of said trip means, and a second 
ariature operable when said electroresponsive 
iiaeans is energized in respense to overload cur 
rents above said predetermined value for actuat 
ing said third valve. 

9. In a circuit, reake having relatively nOV 
able contact means and operating means there 
for, the combination of a trip member, electro 
magnetic trip means, means for Operating Said 
trip member, time-delay means comprising a 
dashpot for at times retarding tiripping opera 
tions of said trip member, a first Valve means 
for admitting liquid to said dashpot at a prede 
termined rate for effecting a tine delay in the 
operation of said trip member, a first arnature 
operable Wisn said electromagnet is energized in 
response to overload currents below a predeter 
mined wall:e for opening said first valve means, 
a second valve means for admitting air to said 
dashpot at a rate to permit instaintaneous opera- ; 
tion of said trip member, and a second armature 
operable when said electronagnet is energized in 
response to overload currents above Said prede 
termined value for opening said Second valve 
realS. 

10. An electromagnetic trip device having a trip 
member, neans for operating said trip member, 
time-delay ineans comprising a dashpot for at 
times retarding tripping operations of said trip 
member, a first valve means for admitting liquid 
to said dashpot at a predetermined rate for ef 
fecting a time delay in the operation of said trip 
member, a first airinature operable when said elec 
tromagnet, is energized in response to overload 
currents below a predetermined value for opening 
said first waive means, adjusting ineans for Se 
lectively determining the extent of opening of 
said first valve to thereby vary the amount of 
time delay, a second valve means for admitting 
air to said dashpot at a rate to permit instanta 
neous operation of said trip member, and a second 
arnature operable when said electromagnetis en 
ergized in response to overload currents above 
said predetermined value for opening said sec 
Old Valve means. 

11. In a circuit breaker having relatively mov 
able contact means and operating means there 
for, the combination of a trip member, electro 
magnetic trip Ileans, means for operating said 
trip member, time-delay means comprising a fluid 
dashpot for at times retarding tripping operation 
of Said trip neither, a reservoir separate from 
Said dashpot and containing a liquid, a first valve 
Yleans for admitting liquid from said reservoir 
to Said dashpot at a predetermined rate for ef 
fecting a time delay in the operation of said trip 
member, a first arnature operable when said 
electromagnet is energized in response to over 
load Cui'rents below a predetermined value for 
Opening Said first valve means, a second valve 
means for admitting air to said dashpot at a rate 
to permit instantaneous operation of said trip 
raember, a Second arnature operable when said 
electronaghet is energized in response to overload 
currents above said predetermined value for open 
ing said Second valve means, and separate ad 
justing ineans for said first and second arma 
tures for selectively determining the minimum 
Overload current required to actuate said arma 
tures. 

12. In a circuit breaker having relatively mov 
able contact ineans and operating means there 
for, the combination of a trip rod, an energizing 
winding, a main arimature operable upon energi 
Zation of said winding in response to overload 
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4. 
currents to actuate said trip rod, time-delay 
means comprising a fluid dashpot operated by 
said trip rod for retarding operation of said trip 
rod, a storage chanber containing liquid, a first 
valve means controlling a passage for admitting 
liquid fron said chainber to said dashpot at a 
predetermined rate for effecting a time delay 
in the operation of said trip rod when said wind 
ing is energized in response to overload currents 
below a predetermined value, a second valve 
means controlling a second passage for admitting 
air to Said dashpot at a late to permit instan 
taneous operation of said trip rod, a Secondarina, 
ture operable when said inding is energized in 
response to overload currents above said prede 
terrained value to open said second waive, and re 
silient ineans disposed oatween said inain arma 
ture and said trip rod to limit the force applied 
by Said arnature to said trip rod. 

13. In a trip device for a circuit, breakei, the 
(Cibination of a trip rod, an energizing wind 
ing, a main armature operable upon energiza 
tion of Said Winding in response to overload cur 
rents to actuate said trip rod, means adjustable 
to Selectively determine the minimum overload 
current required to actuate said main armature, 
time-delay means comprising a dashpot, includ 
ing a novable abutment, attached to said trip rod 
for retarding operation of said trip rod, a liquid 
Storage chamber separate fron said dashpot, a 
first Valve means for admitting liquid from said 
Storage chamber to said dashpot at a predeter 
iined rate for effecting a time delay in the opera 
tion of Said trip rod when said winding is ener 
gized in response to overload currents below a 
predetermined value, a second valve means for 
admitting fluid gas to said dashpot at a rate to 
permit instantaneous operation of said trip rod, 
a second armature operable when said Winding 
is energized in response to overload currents 
above said predetermined value to open said sec 
Ond valve, and means adjustable to selectively 
determine the minimum overload current re 
quired to actuate said second armature. 

14. In an electroresponsive trip device com 
prising a trip rod, an armature operable to ac 
tuate Said trip rod, spring means disposed be 
tween said armature and said trip rod to limit 
the force applied by said armature to said trip 
rod, time-delay means for retarding tripping op 
eration of said trip rod comprising a dashpot, a 
housing for Said dashpot, a liquid storage cham 
ber defined by Said housing and containing a 
liquid, normally closed valve means controlling 
a paSSage and operable to admit liquid from said 
Storage chamber to said dashpot at a predeter 
mined rate, a valve-operating armature operable 
upon energization of said electroresponsive 
means in response to an overload current of pre 
determined value to open said valve, an adjusta 
ble stop for limiting the opening movement of 
Said valve-operating armature, and adjusting 
means for varying the setting of said adjustable 
stop to vary the extent of opening of said valve 
and the amount of time delay provided thereby. 

JOHN B. MACNEILL. 
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