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This invention relates to circuit breakers and
more particulariy, to circuit breakers of the type
that are tripped instantaneously on overload cur-
rents above a predetermined value and after a
time delsy on lesser overloads.

An object of the invention is to provide a cir-
cuit breaker having an improved trip device which
is of simple construction, reliable in operation
and inexpensive to manufacture. - )

Another object of the invention is to provide
a circuit breaker with an improved electromag-
netic {rip device having a magnetic piston sealed
in a casing containing a body of fluld which is
moved relative to the piston by an armature dis~
posed externally of said casing while the mag-
netic piston is restrained against movement by
the magnetic forces to provide time delay tripping
of the breaker. :

Another object of the invention is to provide a
circuit breaker with an improved electrorespon-
sive trip device comprising g sealed casing con-
taining & body of fluid, the casing being moved
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by an armature to irip the breaker and having °

8 magnetic piston disposed within the casing to
delay movement of the casing. ]
Another object of the invention is to provide
a circuit breaker with an improved electromag-
netic trip device wherein the tripping armature
Is normally latched and is released to trip the
breaker after a time delay by the movement of
a sealed casing relative to a magnetic piston which
is disposed within the casing and held substan-

tially stationary by the magnetic forces quring

tripping movement of the casing.
Another object of the invention is to provide
a circuit breaker according to the preceding para-

graphs wherein sealed casings having different.

operating characteristics are interchangeable in
the trip device to vary the tripping characteristies
of the breaker.

Another object of the invention is to provide
e clrcuit breaker with an improved electromag-
netic trip device wherein the tripping armsture
is normally latched and is released by movement
of a sealed casing operated by a second armature,
the sealed casing containing a hody of fluid and
having a magnetic piston disposed therein to de-
lay movement of the casing and release of the
tripping armature,

'The novel features that are considered charac-
teristic of the invention are set forth in particu-

lar in the appended claims. The invention itself, -

however, both as to structure and operation, to-
gether with additional objects and advantages
thereof, will be best understood from the follow-
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ing detalled description of one embodiment there-
of when read in conjunction with the accompany-
ing drawing, in which:

Pigure 1 is a side elevational view, partly in sec- -
tion, of a circuit breg.ker embodying the inven-
tion,

Fig. 2 is a front elevational view of the trip
device with the cover plate removed,

Fig. 3 is a front elevational view of the trip
device showing the cover plate, and

Fig. 4 is an enlarged sectional view of the mov-
able core structure. ' _

Referring to Figure 1 of the drawings, the
reference numeral {1 designates a base of strong
insulating material which supports the various
parts of the circuit breaker. A pair of terminals
13 and 15 are suitably secured to the base and each
terminal has one or more connecting studs {9
which extend through the back of the base {1i
and serve to electrically connect the breaker to the
circuit which it controls.

The upper terminal 13 has a contact block 21 of
rigid conducting material secured thereto; and a
rigid contact block 23 secured to the base is elec-
trically connected to the lower terminal (5
through the energizing winding of the trip device
of the breaker, which will be hereinafter de-
scribed.

The contact means and mechanism of the cir-
cuit breaker illustrated are similar to the circuit
breaker fully disclosed in Patent No. 2,214,471, is-

- sued September 10, 1940 to Leon R. Ludwig and

Merle E. Horn, and assigned to the assignee of
the present invention. Hence only a brief descrip-
tion of these parts will be given in this application.

The main stationary contacts 25 and 27 are
rigidly secured to the contact blocks 21 and 23,
respectively; and the auxiliary stationary cone
tacts ‘29 and 31 are secured to a triangularly-
shaped contact platform 33 of conducting mate-
rial which is mounted on the upper portion of the
block 2§ for limited tilting and rocking movement
by means of pins 35 projecting from the opposite
sides of the platform which engage in slots 37 pro-
vided in a pair of side walls 39 secured to the
block 2!. The platform 33 is biased outwardly
from the base 11 by a plurality of springs 41 and

- 48, and outward movement of the platform is
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limited by the engagement of the pins 35 with
the outer ends of the slots 37 and by stop projec-
tions 45 carried by the platform adjacent its up-
per end. The platform 33, and consequently, the
auxiliary contacts 29 and 31 are electrically con-
nected to the terminal i3 by means of a flexible
shunt conductor 47,
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The movable contact means of the clrcuit
breaker comprises & channel-shaped contact arm
49 of conducting material which is rigidly secured
to a pivoted switch member §1 by means of a
plurality of screws §8. The contact arm 48 car-
. rles & main contact.bridging member 55 for

bridging the main contacts 25 and 21, and an .

auxiliary contact member 571 for engaging the
stationary auxiliary contacts 29 and 31, the auxil-
{ary contact membes 51 being secured to the upper
end cf the channel—shaped contact arm 48 by a
plurality of screws 89,

The main contact bridging member 55 is formed
of rigid conducting material,
mounted on the contact arm 48 for limited
movement relative to the contact arm toward

and away from the main contacts 25 and-21,by

means of & palr of studs 84 secured to the con-
tact carrying arm 49, only one stud being shown’
A pair of coil springs (not shown) encircle the
studs 61, and are disposed between the contact
‘carrying arm 49 and thé bridging member §5
for biasing the bridging member toward. the
“stationary main contacts 256 and 27 with & pre-
determined force. The -ends of the bridging ¢
member 85 are beveled to-lie parallel with the
beveled edges of the contact blocks 21 and 23, and
have & palr of contact§ 67.secured thereto for

engaging the main stationary contacts 25 and 27,

The auxiliary contact member 61 is formed of
- rigid conducting material, and has an inter-
mediate contact 69 and an arcing contact Tt
. secured thereto for engaging the intermediate and
arcing contacts 29 and 31 of the stationary con-
‘tact means.

A flexible shunt conductor 13 electrically con-

nects the suxiliary contact arm 49 to the main’

stationary contact block 28. The flexible con-
ductor 18 has its upper end secured to the con-
tact arm 49 by the lower strews 53. The lower
end of the flexible shunt conductor 138 is secured
to the lower contact block 23 by means of a
bolt 11.

‘The switch member 51 has a yoke~-shaped lower

" end which is pivotally mounted between the side-

walls of a main frame 19 by means of the pivot
pin 81. The switch member 51 is movable about
its pivot axis to open and closed circuit positions
to open and close the contact means of the

breaker by means of an operating mechanism

indicated generally at £3.

The operating mechanism 83 is supported by
‘the-main frame 79 and comprises an actuating
lever 86 pivoted on a pin 8T cafried by the frame,
, and 1s connected to the switch member §1 by a

link 89. An operating member 91 is also pivoted:

on the pin 87 for movement about the same axis
as the actuating lever 85. The actuating lever
‘88 is normally and releasably connected to the
operating member 9 for movement thereby by
‘means .of a pair of latches 93 and 95, which are
‘pivotally mounted on the lever 85 at 97 and 99,
~ respectively.

latch Is, in, turn, held in latching posltlon by
the a.uxluary latch 95. The operating member
91 is adapted to be releasably held in closed cir-
cuit position by means of a main holding latch
103 pivoted at 119, which releasably engages the
roller’ 101.
with a curved tailpiece 108 by means of which
it is released to cause release of the latch 93
and consequent tripping of the circuit breaker
by the reledase of the actuating lever 85 from its
. connection with the operating member §1. When

-and is loosely .

The latch 83 engages ‘& roller {01 .
carried by the operating member 81, and this

The auxiliary latch 95 is provided-
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released the actuating member 85 moves in a
counterclockwise direction about the pivot axis

_ 81, causing opening of the movable contact means. .
During this movement, a cam surface {97 of the

5 lever 85 engages the rounded nose of the main
holding latch 103, moving the holding latch to
released position to effect release of the operating
mémber 91. The switch member §5f and the
actuating lever 85 are biased to open position
10 by means of a pair of accelerating springs 109
(only one being shown), which are connected at

- their upper ends to the switch member §{ and at
- thelr lJower ends to the sides of the' main frame 78.
To close the circuit breaker after it has been

15 tripped open, the operating member 91 is first
moved in a counterclockwise direction about the
pivot axis 87 to the open position to effect reset-
ting of the latches -and reestablishment of the
releasable rigid connection between the actuating

90 lever 85 and the operating member 81. After the
rigid connection is thus established, the operat-
ing member 91 is moved in a clockwise direc-
tion to-closed position by means of a handle {1

to effect closing of the contact means of the
o5 breaker. The clcckwise or closing movement of
the operating member 8i is limited by a portion

82 thereof striking a fixed stop 94 on the frame

79. 'When the parts have been moved to closed
position, the main holding latch 103 reengages

30 the roller 10i to hold the operating member in

" closed position. The stop 84 is located to per-
mit a slight overtravel of the member 91 to insure
proper engagement of the latch 103 with the
roller {81. It will be noted that the construc-

.35 tion of -the operating mechanism is such that

the movable contact means is trip-free of the

operating member 81; that is, when the breaker

‘is tripped, the contact means move t0 open posi-

tion irrespective of the position of the operating
40 member 84,

The mounting arrangement of the contaclz
means is such that during opening of the breaker
the main bridging> member 86 is first separated

~from the stationary contacts 28 and 27, while
3 the auxiliary contacts remain in engagement by

reason of the outward movement of the contact
platform 88 under the influence:of the biasing
springs 41 and-43. . After the bridging member

55 has separated & predetermined distance from
the main stationary contacts, the intermediate
contacts 28 and 69 begin to separate. 'This takes
place as soon as the pins 86 engage the ends of
the slots 87.. During this time, the arcing con-
. tacts 3{ and 7§ remain in engagement-due to the
rocking movement of the contact platform 83.
After the intermediate contacts have separated a
predetermined distance, the arcing contacts 3{
and 7§ begin to separate. During closing, the
.contacts engage in the reverse order, as will
readily be understood. It will thus be seen that
~the are formed during separation of the contacts
- is drgwn .only between the arcing contacts 3i
“and T4.° .

The circuit breaker is adapted to be tripped
open either manually, or automatically, in re-
© sponse to predetermined overload conditions in

the circuit, by means of & trip device indicated -

‘generally at 118. .

The trip device comprises & trip lever 117 which
is pivotally mounted intermediate its ends on the
frame 79 by means of a pivot pin 118, and an
electromagnetic trip means, indicated generally
at 121, which is operable ih response to the pre-
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“v5 ‘determined overload conditiong to mave the trip
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) s :
lever {17 to tripping position to cause aytomatic
opening of the circuit breaker.
One arm 123 of the trip lever {17 is offset and
extends inwardly toward the base 11 of the cir-

cuit breaker, and has its inner end disposed im--

mediately above the trip means 121 to be engaged
and moved by a plunger of the electromagnet
to effect automatic tripping of the breaker. The

arm {23 of the trip lever is provided with a pro~

jection 125 which is adapted to engage the curved
tailpiece {05 of the auxillary latch 8% to move
this latch to released position upon movement of
the trip lever to tripping position. The other
arm of the trip lever 141 forms a handle 127
whereby the trip lever may be manually moved to
tripping position to effect manual opening of the
circult breaker. A spring {29 connects the arm
123 of the trip lever {i7 to an extension of the
main holding latch 103 so that the spring thus
serves to bias the main helding latch to latching

20

position and the trip lever to its normal inopera-

tive position, as shown in Fig. 1. -

The electromagnet 12§ comprises spaced sta-
tionary core members {31, a tripping armature
i33 having a trip rod 1386 seated in an opening
ttereon, an energizing winding {371 having one
end connected to the contact block 23 and the
other end connected to the terminal i18. The
trip rod 138 extends through an opening in &
movable armature 139 but is not operated di-
rectly thereby. Disposed within the energlzing
winding 137 {s & movable core structure indicatéd
generally at i41 (Figs. 1 and 4).

The movable core structure comprises a sealed

casing {43 of a non-magnetic material contain-

ing a body of oil or other liquid of suitable vis-
cosity. The casing (43 -is disposed for vertical

movement in the winding {37 and has' its upper

end operatively connected to the movable arma-
ture 139 by means of a lever {48. The lever {45
comprises a pair of spaced parallel levers con-
nected by a yoke {47 and pivoted on a pin 149

W
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supported in the spaced, upwardly extending

arms of a bracket IB8I° which Is secured to the
upper fixed core member 3.
pivotally connected to the upper end of the cas-
ing 143 by means of a pin 1%} which extends
‘through openings in projections on the upper
end of the casing. The opposite end of the lever
145 is connected to the movable armature 139
by means of pins 185 which extend through open-
ings in the arms of the lever i#8 and through
corresponding openings in projections 187 ex-
tending upwardly. from each side of the movable
armature 139. Thus, when the movablée arma-

ture 139 moves downward, the sealed casing m _

due to the lever 148, will move upward.

The lever 45 is

45
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underside of the lower fixed core 131. The other

arm (77 of the bell crank lever 188 extends-into
the path of travel of a projection 179 extending
from the bottom member {81 of the sealed casing
i43. The bell crank lever {§9 is biased in a coun-
terclockwise direction to latching position by
means of & double spring 183 colled around the
pin 171 on either side of the bell crank 188, The
bight of the spring 183 engages the latch arm of
the bell brank 188 and the two ends of the spring
bear against s yoke 188 integral with the side
members {73 of the bracket {18, The latch arm
187 engages a latch member {871 secured to the
front of the tripping armaiure. 133 to releasably
restrain the tripping armature agalnst operation.

" A spring 188 tensioned between the pin 153 of .
the lever {48 and a bracket 18] suitably secured
to the upper fixed core member 131 normally
biases the movable core structure 14§ and the
movable armature 139 toward a central position.
With normal current flowing in the energizing
coil the welght of the movable core structure
is sufficient to cause the parts to assume the posi-
tions in which they appear in Figure 1.

When an overload current below s predeter-
rmained vslue of, for instance, 10009% of normal
rated current occurs the magnetic forces attract
the movable armature 138 and the tripping ar-
mature (33 toward each cther. Since the trip-
ping armature {33 is latched in its retracted po-
sition it cannot move, but the movable armature
139 starts to move downward and, through the
agency of the pivoted lever 145 draws the sealed
casing 143 upwardly and eventually the projection
{19 on the bottom member (8! of the casing {43
engages the arm {77 of the bell crank 169 and
operates the bell crank and the latch arrn 167
to release the tripping armature 138, The' trip-
ping armature (33 immediately moves upwardly
carrying the trip rod {35 therewith to engage the
trip lever 117 and trip the breaker in the manner
previously described.

‘When an overload below the afore-mentioned
predetermined magnitude occurs, such, for in-
stance, as Is occasioned by the turning on of lights,
it is desirable to interpose a time delay between
the occurrence of the overload and the tripping
of the breaker, so that, should the circuit condi-
tion return to normal before tripping is effected,
the trip device may return to normal condition

without having tripped the breaker.

55

The movable armature {38 and the tripplng :

armature 133 are guided in their vertical recip-
rocal movement by means of & guide bracket
159 of nonmagnetic material having formed over

60

portions 161 (Fig.-2) secured by means of rivets *

i863 to bottom and top sides- respectively of the
upper and lower fixed core members 131.
nel-shaped guides 188 are formed outwardly from
the bracket 188, one embracing each side of the
armature 139 and the tripping armature {38, to
guide said armatures in their vertical move-
ments. '

-The tripping armature 133 is normally latched
in its unattracted position by meéans of g latch
member 167 which forms one arm of a bell crank
lever {88 pivoted on a pin IT1 supported between
the downwardly extending portions {13 of a
bracket §18 (see Pigs. 2 and 3) secured to the

Chan-
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Tn the present invention time delay is effected
by a piston 193 of magnetic material disposed in
the sealed ecasing 143 and normally blased by
means of s compression spring 195 to the upper
end of the casing. The spring 195 is compressed
between a flange 197 of magnetic material in-
tegral with a core member {99 also of magnetic
material in the bottom of the casing and the
bottom of the piston 193 ‘inside a cylindrical ex-
tension 20i of the piston. The piston 193 is
spaced from the top of the casing 143 by means-
of a stop 203 sccured to and projecting inwardly
from the top of the casing. The piston 193 is
provided with two oil passages 285 and 207 ex-
tending longitudinally therethrough. Th: pas-
sage 207 is for the purpose of relieving the oil
pressure from above the piston to permit iis
restoration following an operation and to this
end Is provided with & ball check valve 209 dis-
posed in the enlarged lower end 2{1 of the pas-

~ sage and loosely retained therein by means of a
- pin 213. When the casing 143 is moved upwardly

5

past thel piston 183 during the occurrence of an
overload the oil pressure presses the ball 209
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against a conical seat thus closing the passage
207. : o

A ball valve 215 is disposed in the enlarged up-
per portion 2{8 of the passage 200 and is biased
downwardly against a conical seat by a spring
217 compressed between the head 219 of a guide
rod 221 and a pin 223 inserted in suitable open-
ings in the piston and extending diametrically
across the enlarged portion 2i6 of the passage
205. The guide rod 22 is provided with an axial
slot at 225 embracing the pin 223. The pin 223
may be assembled in any one of a plurality of
openings 224 (three being shown) provided there-
for in the piston to vary the compression of the
spring 217 thereby varying the pressure at which
the vaive 218 will open. "The purpose of this ad-
justment will be more fully described later.

The trip device operates with time delays of

different duration in two distinct ranges of over-.

load currents below a predetermined magnitude,
and Instantaneously in response to an overload
above the predetermined magnitude, or s short
circuit. These ranges of overload currents may
be arbitrarily defined as, for instance, low range
up to 200% of normal current, intermediate range
betweent 200%. and 1000% of normasl, and in-
stantaneous 1000% or more of normal current,
Assuming an overload within the low range of
overload currents, the operation of the trip de-
vice will now he described.

Upon the occurrence of an overload in the low
range, the winding 137 becomes energized and
the magnetic forces across the air gap between
the armature 139 and the tripping armature 633
attracts these armatures toward each other, but,
since the tripping armature is latched and can-
not immediately move, the armature 139 is drawn
downwardly. The downward movement of the
armature #38 acting through the lever (85 (Fig.
1) and aided by the spring 18$ starts to move the
sealed casing (43 upwardly. The piston 193 is
so disposed in the magnetic field that the mag-
netic forces holq it substantially stationary while
the casing (43 is drawn upwardly past it by the
armature {39. As the casing 143 starts to move
upwardly, the pressure of the oil below the piston
closes the check valve 208 (Fig. 4) compelling
the oil to flow through the passage 288 or between
the piston and the wall of the casing. The spring

241 holds tne valve 215 closed on overloads up to-

200% of normal or in the low range of overloads,
consequently, the oil flows around the piston
in this range of overloads, thus providing a rela-
tively long time delay. :

Continued movement of the armature {39 re-
duces the air gap between the armeatures 188 and
183 and increases. the forces acting thereon.
This is counteracted to a certain extent after the
spring (89 (Fig, 1) passes above center where it
opposes upward movement of the sealed casing.
Eventually, after at time interval which varles
inversely with the magnitude of the overload, the
projection (79 (Fig. 1) on the bottom of the cag-
ing engages the arm {77 and operates the bell
crank (69 to release the tripping armature which
then moves upwardly to trip the breaker in the

previously described manner. Additional mag-

netic pull is provided to unlatch the armature
133 by the core member 189, As the casing 163
moves upwardly the core 188 reduces the air gap
between itself and the magnetic piston 193 thus
incressing the upward pull on the casing.

When the breaker is tripped open the circuit
-is interrupted and the winding 187 of the trip
device becomes deenergized. At this time, the

<

spring 189 exerts a force on the lever 145 biasing
the lever in a counterclockwise direction. This
force raises the armature 139 and lowers the mov-
able core structure (41 until the spring 188 and
the lever 145 are in line. Thereafter the weight
of the core structure 141 restores the casing (43
and the armature 139 to the normal unattracted
position. During the restoring movement the
entire movable core §tructure moves downwardly
as a unif, and, at the same time, the spring {95
forces the piston {93 upwardly against the stop
203 (Fig. 4). The pressure of the oil above the
piston, during the restoring action, opens the
check valve 209 permitting free flow of oil through
the passage 207 to the other side of the piston
‘thus providing for quick resetting of the piston.
When the trip device is deenergized upon open-
ing of the breaker, the tripping armature 133
drops immediately to its unattracted position
where it is relatched by the latch 167 under the
influence of the spring {83.

The operation of the trip device upon the
occurrence: of an overload current in the inter-
mediate range, that is, between 2009 and 1000%
of normal current, is the same as the operation
just described with the difference that the pres-
sure of the oil in the casing 143 below the piston
is greater due to the greater energization of the
electromagnet. When the winding 137 is ener-
gized in response to an overload of approximately
200% of normal current or more, the pressure is
sufficient to compress the spring 217 and open the
valve 218 thus providing for a greater flow of oil
to the other side of the piston 193 which results
in a shorter time delay in the intermediate range
of overloads than in the low range where the
valve 216 does not open,

The breaker is tripped open instantaneously in
response to overload currents above the afore-
mentioned predetermined value, or in response to
short circuits by means of a small instantaneous
trip armature comprising an iron screw 2271
screwed into the lower end of the non-magnetic
trip rod 35 and seated in the opening in the trip
armature {33. Upon the gccurrence of an over-
load current above the predetermined value or
a short circult, the armature 227 is attracted
upwardly to bridge the air gap between armatures
138 and 139 and actuates the trip rod 135 to in-
stantaneously trip the breaker independently of
the time-delay mechanism and independently of
the armature {33 and 88. When the circuit is
interrupted and the trip device deenergized, the
trip rod and the armature 227 return to their
unatiracted positions by their own weight. The
trip armature 133 remains latched and is not
operated on instantaneous tripping operations.

The minimum overload current required to
instantaneously trip the breaker may be varied
by varying the size or mass of the screw 227 com-
prising the instantaneous trip armature.

Meeans is provided to calibrate the time delay
tripping means. This means comprises a.com-

-pression spring 229 compressed between a bracket
5 231 (Figs. 2.and 3) mounted on the right hand

pin {85 which connects the lever 145 to the
armature (39, and a block 233 threadedly engag-
ing a rotatable rod 235. The rod 235 is disposed

vertically and the reduced upper end thereof
engages a suitable opening in the bracket 231,
The lower .threaded portion of the rod 235 is
rotatably supported on the lower fixed core mem-
ber 13§ by means of a collar 287 secured to the
rod and resting on the core member {3(. The
lower end of the rod 235 below the core member
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{81 is provided with a knurled knob 238 which’

is secured thereto for rotating the rod.

Rotation of the rod 235 moves the block 233
up or down depending on the direction of rota-
tion and varies the compression of the spring
229 which opposes operation of the armature 139
thus varying the overload current requirad to
effect tripping of the breaker., The block 233 is
prevented from turning with the rod 235 by a
projection 24{ thereon extending through an
elongated slot 243 extending vertically in & secale
plate 245, The scale plate 245 is suitably se-
cured to the front of the trip device and bears
a scale indicating the percent of overload current
required to trip the breaker,

There is also provided means -for changing
the low and intermediate ranges of overload cur-
rents required to trip the breaker:
viously set forth that with the pin 228 mounted
in the upper one of the holes 224, the low and
intermediate ranges of overload currents were
respectively 100% to 200% of normal and 200%
to 1000% of normal current. If the pin 223 is
assembled in the intermediate hole 224, the spring
217 will be given a greater compression and will
require a greater pressure and consequently a
higher current value to open the valve 2(5. The
low range of overloads with the pin 223 in the
intermediate hole 224 may then be 100% to 300%
of normal current and the intermediate range
may be from 300% to 1000% of normal current
value.
223 in the lower one of the holes 224 may es-
tablish the low range of overload currents at
from 100% to 400% of normal and the inter-
mediate range from 400% to 10009 of normal
current values. The limits of the low and in-
termediate ranges of overloads set forth are to
be considered merely by way of example and
these may be- varied considerably to suit par-
ticular requirements. For instance, by the pro-
vision of a stronger or weaker spring 21T en-
tirely different sets of values may be established.

The movable core structure (41 including the
casing 143 is readily removable from the trip
device by removing the pin (53 and dropping
the casing assemblage out of the magnet.
other casing assemblage having different oper-
ating characteristics may then be inserted. For
instance, three different casing assemblages may

be provided and interchangeably installed in the’

breaker, each. of the casing assemblages having
the pin 223 inserted in a different hole' 224 and/or
having different strength springs 217 assembled
" therein. Each of the casings may be marked with
identification corresponding to one of the three
time-current curves marked on the scale plate
245 (Fig. 3).

By latching the tripping armature against,
movement and then releasing it after the mag-
netic airgap is substantially reduced the maxi-
mum magnetic pull is utilized to trip the breaker.
When released, the tripping armature 133 is
actuated to trip the breaker unopposed by the
calibrating spring 229,

Having described the invention in accordance
with the patent statutes, it is to be understood
that various changes and modifications. may be
made in the structural details and combination
of elements disclosed without .departing from
some of the essential features of the invention.
It is therefore, desired that the language of the
appended claims be given as reasonably broad in-
terpretation as the prior art permits.

It was pre- .

In the same manner assembling the pin-
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We claim gs our invention: s

1. In a circuit breaker comprising relatively,
movable contacts and operating mechanism
therefor, the combination of a trip member oper- -
able to effect automatic operation of said oper-
ating mechanism, an electromagnetic trip device
comyrising an energizing winding, a first arma-
ture opcrable to effect operation of said trip
member, means comprising a sealed casing mov-
able to cause tripping operation of said first
armature, a second armature for moving said
casing, and means disposed in said casing and
responsive to energization of said electromag-
net to delay tripping movement of said first arma-
ture.

2. In g circuit breaker comprising relatively
movable contacts and operating mechanism
therefor, the combination of a trip member oper-
able to effect automatic operation of said oper-
ating mechanism, an electromagnetic trip device
comprising an energizing winding, a first arma-
ture operable to effect operation of said trip
member, means comprising a sealed casing dis-
posed in said winding and movable to'cause trip-
ring operation of said first armature, a second
armature disposed outside of said winding  for
operating said casing, and means disposed in
said casing and responsive to energization of said
electromagnet to delay tripping operation of said
first armature.

3. In a8 circuit breaker comprising relatively
movable contact and operating mechanism there-
for, the combination of a trip member operable
to effect automatic operation of said operating
mechanism, an electromagnetic trip device for
operating said trip member comprising an ener-
glzing winding, a tripping armature operable to
cause operation of said trip member, a non-
magnetic casing movable to effect operation of
sald tripping armature, a second armature mov-

. able relative to said casing by said electromag-
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net to move said casing, and a magnetic member
disposed in sald casing and responsive to ener-
gization of -said winding to oppose movement of
sa.ld tube. .

.4, In a circuit breaker comprising relatively
movable contacts ‘and operating mechanism
therefor, the combination of a trip member oper-
able to effect an operation of sald obperating
mechanism, a trip device for operating said trip
member comprising an energizing winding, a
first armature movable to trip the breaker, means
reledsably restraining said first armsature against
tripping ‘movement, a casing movable to operate
said restraining means to release said first arma-
ture, a second armature operatively related to
said casing and operable upon, energization of
said winding. to move said casing, and means
disposed in said casing responsive to energiza-
tion of said winding to retard movement of said
casing.

5.In a circuit breaker comprising relatively
movable contacts and operating mechanism
therefor, the combination of a trip member oper-
able to effect automatic operation of said operat-
ing mechanism, an electromagnetic trip device
for operating said trip member comprising an
energizing winding, a tripping armature, means

releasably restraining said tripping armature
against movement, means comprising a sealed
casing movable to operate said restraining means
to permit operation of said tripping armature, a
movable armature for moving said sealed casing,
and means comprising a piston of magnetic ma-
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_terial disposed in sald casing for delnying move-
ment of said casing.

- 6. In & circuit breaker comiprising relatively

movable contacts and operating mechanism
therefor, the combination of a trip member oper-
able to effect operation of sald operating mecha-_
‘nism, an'electromagnetic trip device for oper-
ating said trip member comprising a fixed mag-
netizable structure, an energizing' winding, a
releasable member operated by said electromag-
net-and operable when released to operate said
trip member, a casing movable to effect, release of
.said releasable member, an armgture operable
_upon energization of said winding to move said
casing to effect release of said releasable member,
.and a magnetlzable member in sald casing re-
sponsive to energization of said winding to.retard
movement of said casing.
7. In 8 circuit breaker comprising relatively
" movable conta.cts and operating mechanism
" therefor, the combination of a trip member oper-
able to effect operation of said operating mecha-
nism, an electromagnetic trip device for oper-

ating said trip member comprising a fixed- mag- .

netizable structure, an energizing winding, & re-
leasable member operated by said electromagnet

and-operable. when released to operate said. trip-

member, a casing movable to effect release -of
sald releasable member, an armature operable
upon energization of sald winding to move said
casing to effect release of said relegsable member,

‘g magnetizable member in said casing responsive

to energization of said winding to retard move-

ment of said casing, and means operable by said .

electromagnet independently of said releasable
- member to operate said trip member.

8. In a circuit breaker comprising relatively
movable contacts and operating mechanism
therefor, the ¢combination of an eleciromagnetic
trip device for causing an automatic operation of
sald operating mechanism comprising a mag-

‘netic circuit, an energizing winding, a releasable

magrietizable - member in the magnetic circult

movable when released to effect tripping of the .

breaker, g sealed element movable to reléase said
releasable member, a second magnetizable mem-
ber in said magnetic circuit operable in response
to overload currents in said winding to move said
sealed element to release said releasable member,
and ftime delay means comprising a magnetizabls
.member sealed in said element and disposed in
sald magnetic circuit to be réstrained against
movement in response to overload currents to
oppose movement of said element. -

9. In a circuit breaker comprising relatively
movable contacts and operating means therefor,
the combination of a trip member operable to
cause sufomatic operation of sald operating
means, an electromagnetie trip device for oper-
ating said trip member comprising & magnetic
cireuit, an energizing winding, a releasable mag-
netizable member in said magnetic circuit oper-
able:in response to overload currents below a pre-
determined value in sald winding to operate said
trip member, a sealed casing disposed in said
. winding and movable to release said releasable "
member, a first armature in said magnetic cir-
cuit operable in response to overload currents be-
low said predetermined valye In sald winding to
move said.casing, time delay means comprising-
& magnetizable member sealed in said casing and
disposed in said magnetic circuit to be restrained
against movement by energization of said wind- -
ing In response to overload currents below seid
predetermined value to retard movement of said

12 '
casing, and a second armature in said magnetic
eircult operable independently of said releasable

- member in response to overload currents above

sald predetermined value to mstantaneously

5 operate said trip member.

10. In a circuit breaker comprising relatively
movable contacts and operating mechanism
therefor, the combination of a trip member oper-

- able to effect automatic operation of said oper-
10 ating mechanism, an electromagnetic trip device

comprising an energizing winding, a first arma-

_ - ture operable to effect cperation of said trip mem-

~ ber, means comprising a sealed casing movable
to cause tripping operation of said first armsature;

15 & second armature for moving said casing, means

disposed in sald casing and responsive to ener-

glzation of said electromagnet to delay tripping’
operation of sald first armsature, and adjustable
mesans for varying the operating cha,racteristic

of said second armature. .

11. In a circuit breaker comprising relatively
movable contacts - and operating mechanism
therefor, the combination of a ‘trip member oper-
able to effect automatic operation of said oper-
ating mechanism, an electromagnetic trip device
comprising an energlzing winding, & first arma-
ture operable to effect operation of 'said trip
member, means comprising a sealed casing mov-
able. to cause tripping operation of said first
30 armature, a second armature for operating said

casing, means disposed in said casing and re-
. sponsive to energization of sald electromagnet to
delay tripping ‘operstion of sald first armature;
resilient means opposing operation of said second

35 armature, and means operable to vary the tension
‘of sald resilient means to vary the’ operating
characteristic of said trip device. -

- 12. In a efrcuit bresker comprising relatively
movable contacts and operating mechanism

40 therefor, the combination of a trip member op-
erable to effect automatic operation of said op-

" erafing mechanism, an electromagnetic trip de-

vice comprising an energizing winding, o first ar-.

mature operablé to effect operation of said trip
member, means comprising a sealed casing mov-.
able to cause tripping operation of said first ar-
mature, a second armature for operating said cas-
ing, spring means biasing said ¢asing against trip-

. . bing movement during the final part of the trip-

50 ping movement and thus ‘opposing tripping op~

eration of said casing, and means disposed in said

casing and responsive to energization of said elec-

tromagnet to delay iripping operation of said ﬁrst. .

armsature, -

13. Tn a ecircuit brea.ker comprising relatively
movable contacts and operating mechanism
therefor, the combination of a trip member oper-
shle to effect automatic operation of said ‘operat-
ing mechanism, an eleciromagnetic”trip device -
60 comprising an energizing winding, a first arma-
.~ ture operable to effect operation of sad trip mem-

ber, means comprising a sealed casing movable to
- cause tripping operation of said first armature, a
second armature for moving said caslng, & spring

85 associated with said casing to first bias sald cas-
* ing in tripping direction and then to oppose trip-
. ping movement of said casing, and means disposed
. in said casing and responsive to energization of

. said electromagnet to delay tripping operation of
70 sald first armature.

© 14. In a circult bresker comprising relatively

movable contact  end. operating mechanism
therefor, the combindtion of a trip member op-
erable to effect automsatic operation of said op- .
75 eraiing mechamsm, an electromagnetic trip de-
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vice for operating said trip member comprising an
energlzing winding, a tripping armature operable
‘to cause operation of said trip member, latch
means normally restraining said tripping arma-
'ture against movement, a non-magnetic casing
movable to operate said latch means to release
said tripping armature, a second armature mov-
able relative to said casing by said electromagnet
to move said casing, and a magnetig member dis-
posed in said casing and responsive to energiza-
tlon of said winding to oppose movement of sald
casing.
15, In g circult breaker comprising relatively
movable contacts and operating mechanism
" therefor, the combination of a trip meinber oper-
able to effect operation of said operating mech-
anism, a tripping electromagnet for operating
said trip member comprising a first armature op-
erable in response to overload currents below a
predetermined value to operate said trip member,
latch means normally restraining said first ar-
mature against operation, means comprising a
chamber movable to actuate said latch and release
said first armature, a second armature operable in
respoihse to overload currents below said predeter-
_mined value to move sald chamber, time delay
" means comprising a magnetic member disposed in
said chamber to be restrained against movement
in response to overload currents below sald prede-
termined value to retard tripping operation of.
said chamber, means operable by said first arma-
ture to actuate said trip member, and a third ar-
mature on sald means operable in response to
overload currents above said predetermined value
to operate said means independently of said first
‘armature and said second armature to instan-
taneously operate the trip member. -

16. In a circuit breaker comprising relatively
movable contacts and operating means therefor,
the combination of a trip member operable to ef-
fect automatic operation of said breaker, an elec-
tromagnetic trip device for operating said trip
member comprising an energizing winding, a first

rarmature operable to effect operation of said trip
member, an element operable by said first arma-
ture to operate said trip member, means compris-
ing a sealed chamber movable to effect tripping
operation of sald first armature, s second arma-
ture operable by said trip device in response to
overload currents below a predetermined value to
move said chamber, time delay means comprising
means disposed in said chamber responsive to en-
ergization of said winding to retard tripping

movement of said chamber, and magnetic means’
" .on sald element operable in response to overload
currents above said predetermined value to oper-
ate said element independently of said first arma-
ture to instantaneously operate said trip mem-
- ber.

17. In a circuit breaker comprising relatively
movable contacts and operating mechanism
therefor, the combination of a trip device operable
to effect automatic operation of said breaker, said
trip device comprising an energizing winding, a
‘releasable armature operable to trip said breaker,
means comprising a sealed casing containing a
body of fluid, said casing being disposed within
said winding and movable upon energization
thereof to efféct release of said releasable arma-
ture, time delay means comprising s magnetizable
core disposed within said casing and restrained
against movement with said casing by energiza-
tion of said winding, sald core having a passage
therein for permitting fluid to flow from one side

14

trolling the rate of flow of sald fluld to thereby

control the rate of movement of said casing, end
mezans for adjusting said valve means to vary the
rate of flow of said fluid to thereby vary the op-
erating characteristic of the trip device.

18. In a circult bresker comprising relatively

" movgble contacts and operating mechanism

10
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therefor, the combination of a trip dévice oper-
able to effect automatic opening of said breaker,
sald trip device comprising an energizing winding,
a releasable armature operable to trip the breaker,
means comprising a sealed casing contalning a

-body of fluld, said casing belng movable to effect

release of said releasable armature, a second ar-
mature for moving said casing, time delay means
comprising a magnetizable core disposed in said
casing and restrained against movement by ener-
gization of sald winding, sald core having a pas-
sage therein to permit fluid to pass from one end
of said casing to the other, valve means for con-
trolling the rate of flow of said fluid to thereby -
control the rate of movement of said casing, and
means for adjusting said valve means to vary the
rate of flow of said fluid to thereby vary the op-
erating characteristics of said trip device.

19, In a circult breaker comprising relatively

. ‘movable contacts and operating means therefor,

30
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the combination of a trip device operable to ef-
fect automatic operation of said breaker, said trip
device comprising an' energizing winding, an
armature operable to effect tripping of said
breaker, means comprising a sealed casing con-
taining a body of fluid, said casing being movable
upon energization of said winding to effect opera-
tion of sald armature, time delay means for re-
tarding movement of sald casing comprising a
magnetizable core within said casing disposed to
be restrained against movement by energization
“of said winding, said core having a passage there-
in permitting fluid to flow from one end of said
casing to the other, valve means for controlling
the rate of flow of said fluid to thereby control

. the rate of movement of said casing, and means .
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for adjusting said valve means to vary the rate
of flow of said fluid to thereby vary the operating
characteristic of said trip device.

'20. In a circuit breaker comprising relatively
movable contacts and operating means therefor,
the combination of a trip device operable to ef-
fect automatic operation of said breaker, said
trip device comprising an energizing winding, an
armature operable to effect tripping of said
breaker, means comprising a sealed casing con-
taining a body of fluid, said casing being movable
upon energization of said winding to effect opera-
tion of said armature, time delay means for re-
tarding movement of said casing comprising a
magnetizable core within said casing disposed to
be restrained against movement by energization
of said winding, sald core having a passage there-
in permitting fluid to flow from one end of said

‘casing to the other, valve means for controlling

the rate of flow of said fluid to thereby control the
rate of movement of said casing, spring means
biasing said valve means to oppose flow of fluid
through said passage, and means for adjusting
said spring means to vary the rate of flow of said
fluid to thereby vary the operating characteristic

- of said trip device.

70

21. In a circuit breaker comprising relatively
movable contacts and operating mechanism there-
for, the combination of & trip device operable in
response to overload currents to effect automatic
opening operation of said circuit breaker, said

of sald core to the other, valve means for con- 75 trip device comprising an energizing winding, a
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movable core member operable upon energization
of said winding, a sealed casing containing a body
of fluid movable by said movable core member
to effect tripping of the breaker, time delay means
- for retarding tripping movement -of said casing
comprising a secondary.core membei® disposed
within said casing to be restrained against move-
ment by energization of said winding, said second-
aly core member having a passage. therein per-
mitting fluid to flow from one énd of said casing

to the other end and adjustable means associated .

with said passage to vary the flow of fluid to there-

by vary the rate of tripping movement of said

casing. .

22. In a circuit breaker comprising relatively
movable contacts and operating mechanism there-
for, the combination of a trip device operable in
- response to overload currents in the circuit con~
trolled by the breaker to effect automatic opera-
tion of said operating mechanism, said trip device
comprising an energizing winding, a first arma-
ture operable ‘to effect tripping of the breaker,
means comprising a sealed casing -movable to
cause tripping operation of said first armature, a
second armature operable upon energization of
said winding_to move said casing, time delay
means comprising g piston within said casing
‘responsive to energization of said winding to re-

tard tripping movement of said casing, calibrating

means comprising a spring-biasing said second
armature against movement, and adjustable
means for varying the tension.of said spring
to thereby vary the minimum overload current
required to move said casing, said first armature
when operated moving free of said calibrating
spring to trip the breaker. .

23. In a circuit breaker comprising relatively
movable contacts, the combingtion of an electro-

‘magnetic trip device operable to effect automatic -

opening of said contacts, said trip device com-
prising an energizing winding, a sealed casing

. containing a body of fluid and movable to cause -

tripping of said breaker, an armature operable
upon energization of said winding in response to

overload currents to move sald casing, a second.

armature disposed in said casing to be held against
movement by energization of said winding to re-
strict displacement of said fluid to thereby retard
tripping movement of said casing with a rela-
tively long time delay, and valve means operable
o increase the rate of displacement of fluid to
thereby retard tripping movement of said casing
with a relatively short time delay.

24. In o circuif breaker comprising relatively

movable gontacts, the combination of .an electro--

magnetic trip device, operable to effect automatic
opening of said contacts, said trip device com-
prising an energizing winding, a sealed casing
containing a body of fluld and movable to cause
tripping of said breaker, an armature- operable
upon energization of said winding in response
to overload currents to move said casing, a second
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armature disposed in said casing to be held against
movement by energization of said winding to re-

strict displacement of said fluid to thereby retard '

tripping movement of sald casing with a rela-

"6 tively long time delay, valve means operable to.

increase the rate of displacement of fluid to there-
by retard tripping movement of said casing with
a relatively short time delay, and tripping means
operable at times independently of said casing to
10 instantaneously trip said breaker. . ) )
25, In a circuit breaker comprising relatively
movable contacts, the combination of an electro- -
magnetic trip device operable to effect sutomatic
opening of said contacts, sald trip device com-
15 prising -an energizing winding, a sealed cssing -
“containing a body -of fluld and movable to trip
sald -breaker, a first armature operable upon
energization of sald winding in response to over-
“load currents to move said casing, a time delay
g0 element having & fluid passage therethrough dis-
- Dosed in sald casing and resfrained against move-
ment by energization of said winding ¢g restrict
_ the flow of fluld tp thereby. control the .rate of -
" tripping movemen{ of seid cesing in response to-
g5 overload currents below & predetermined value,
~ and'a bypass valve in seld passage for contfolling <
the flow of fiuid to thereby control the rate of '
tripping movement of said casing in response to
overload currents above sald predetermined value.
80 26. In & circuit breaker- comprising relatively
movable contacts, the combination of an electro-
meagnetic trip device operable to effect sutomatic -
opening of said contacts, said trip device com-
prising” en energizing winding, & sealed casing
35 contalning a body of fluld and movable to trip
sald breaker, a first armature operable upon
energization of said winding in response to over-
- load currents {0 move sald casing, & fime delay
element having a fluid passage therethrough dis-
40 posed in said casing and restralned against move-
ment by.energization of said winding to restrics
the flow of fiuld to thereby contreol the rate of
tripping movement of sald casing in response to’
- overload currenis below a predetermined value, -
45 g bypass valve in sald passage for controlling the
. flow of fiuid o thereby control the rate of tripping
movement of said casing in response to overload
currents sbove sald predetermined value, and a
sécond armature operable at times independently
50 of said first armature to insiantaneously trip said

‘preaker. ) ‘
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