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May, Durham, N. C., assignors to Westinghouse
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corporation of Pennsylvania

Application March 5, 1942, Seriii No. 433,473
13 Claims. (CL 200—88)

This invention relates to circuit breakers and,
more particularly, to circuit breakers of the type
that are tripped instantaneously on overloads
above a predetermined value and after s time
delay on lesser overloads.

An object of the invention is the provision of

a circuit breaker with an improved trip device
comprising an electromagnet having an arma-
ture which is operable to effect tripping of the
breaker and which is controlled by a current re-
sponsive bimeétal element to provide inverse time
delay operation on overloads up to a predeter-
mined magnitude.

Another object of the invention is the pro-
vision of a circuit breaker with an improved
trip device comprising an. electromagnet having
an armature operable to effect tripping of the
breaker, the armature being normally latched in
unattracted position and released in response to
the operation of a current responsive bimetal
element.

Another object of the invention is the provision
of a circuit breaker with an improved trip device
comprising an electromagnet having two arma-
tures one of which is operable to instantaneously
effect tripping of the breaker upon the occurrence
of overloads above a predetermined value and the
other of which is controlled to provide inverse
time delay tripping on overloads below the instan-
taneous tripping current.

Another object of the invention is the provision
of a circuit breaker with an improved trip de-
vice comprising an electromagnet having two ar-
matures one of which is operable to instantane-
ously effect tripping of the breaker upon the oc-
currence of overloads in excess of a predetermined
magnitude and the other of which is normally
held latched in unattracted position and is re-
leased by the operation of a current responsive
bimetal element to cause tripping of the breaker
in response to overloads below said predetermined
maghnitude.

Another object of the invention is the provision
of a circuit breaker as previously described where-
in release of the inverse time delay armature is
effected by the differential movement of a cur-
rent responsive bimetal element and an ambient
temperature compensating bimetal element.

Another object of the invention is to provide
a circuit breaker having an improved trip mech-
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anism comprising an electromagnet having two
armatures or trip members which are operated
at times simultaneously after a time delay to
trip the breaker, and at other times, one of the
trip members is operated instantaneously inde-
pendently to trip the breaker.

Another object of the invention is to provide an
improved circuit breaker in which a plurality of
trip members are operated by a single electro-
magnet one of the trip members being normally
latched against operation and being releasable
after a time delay under certain conditions to
effect tripping of the breaker.

Another object of the invention is to provide
2 circuit breaker having an improved trip mech-

-anism in which a plurality of trip members are

provided, one trip member being operated at
times independently of a second trip member,
and at other times the one trip member is oper-
ated by the second trip member to trip the
breaker.

"Another object of the invention is to provide a
circuit breaker having an improved trip mech-
anism wherein a current responsive bimetal act-
ing through an ambient compensating bimetal
operates a latch to release a trip member and
cause tripping of the breaker.

Another object of the invention is to provide
a circuit breaker with an improved trip device
having an electromagnetic means which is oper-
able to trip the breaker, a trip member operable
by the electromagnet to trip the breaker, and
normally latched member operable by the elec-
tromagnet when released to operate the trip
member.

Another object of the invention in accordance
with a modification thereof is the provision of
a circuit breaker having an improved trip de-
vice in which a pair of bimetal elements are nor-
mally latched one to the other to restrain oper-
ation of a trip member, one of the bimetals be-
ing heated in response to the current of the cir-
cuit and operable to uniatch the trip member to
effect tripping of the breaker under certain con-
ditions, the other bimetal element being arrangsd
to compensate the device for changes in ambient
temperature.

Another object of the invention is the pro-
vision of a circuit breaker with an improved trip
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device which is simple, accurate and reliable in
operation and inexpensive to manufacture.

The novel features that are considered char-
acteristic of the invention are set forth in par-
ticular in the appended claims. The inven-
tion itself, however, both as to structure and op-
eration together with additional objects and
advantages thereof will be best understood from
the following detailed description of several em-
bodiments thereof when read in conjunction with
the accompanying drawings in which:

Figure 1 is a vertical sectional view through the
center pole of a multiple circuit breaker embody-
ing a trip device consfructed in accordance with
the invention;

Fig. 2 is an enlarged fragmentary sectional view
of the trip device;

Fig. 3 is an enlarged fragmentary view, partly
in section, showing a modified form of the trip
device; and

Fig. 4 is an enlarged fragmentary view, partly
in section, showing a further modification of the
invention,

Referring to Figure 1 of the drawings, the cir-
cuit breaker is provided with an operating mech-
anism common to all of the poles which is
mounted in a U-shaped main frame 11 having
sides which are rigidly connected by a cross mem-
ber 18. The frame 17 is mounted on the central
portion cof a base Il of insulating material and
is secured thereto by means of bolts 21 and 23.
The outer ends cf the sides of the frame are
rigidly connected by a cross member 25.

The bolt 23 extends through the base and the
cross member 19 and serves to rigidly secure a
connector 27 of conducting material to the cross
member and to the base I!. A shaft 29 extend-
ing through an opening in the connector 21 and
through openings in the sides of the frame 11
pivotally supports a pair of arms 31 having their
free ends integral with a contact arm 30 for the
center pole. The contact arms 30 (Fig. 1) for
the outer poles (not shown) are identical with
the arm 30 for the center pole but are not pro-
vided with arms 31. The contact arms for the
outer poles are rigidly secured to a tie bar 61
which extends across all of the poles and which
is clamped to the center pole contact arm 30 by
means of a split clamp 10 and a screw Ti. The
three contact arms 30 are thus mechanically con-
nected for movement together. Rectangular
tubes 69 of insulating material between the tie bar
67 and contact arms 30 for the several poles serve
to insulate the three movable contact arms and
their associated contacts from the tie bar 67.

The movable contact structures and the sta-
tionary contacts for the several poles are all alike
and hence only the contacts for the center pole
have been shown. The contact arm 30 pivotally
carries a main movable contact member 47 and a
movable arcing contact member 55. The main
contact member 47T is pivoted on a pivot pin 49
supported in projections 51 of the contact arm 30,
and the movable arcing contact member 5% is
pivoted on a pivot pin 571 supported in projections
59 of the arm 30. The main movable contact
member 471 carries a contact 33, and a contact
35 is secured to the arcing contact member 5§5.
These contacts 33 and 35 are adapted to engage
respectively fixed contacts 39 and 371 secured on
a conductor 41 which is in turn secured to the
base !l by means of bolts 43. The conductor 41
extends upwardly and is bent at right angles,
the bent portion extending through an opening
in the base i to form a terminal connector 45.
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A spring 53 compressed between a spring seat
on the contact arm 30 and a spring seat on the
main contact member 471 provides contact pres-
sure for the main contacts 33—38 when the con-
tact arm is in the closed position. Contact pres-
sure for the arcing contacts 35—37 is provided
by a spring &3 surrounding a rod §1 pivotally
connected to the arcing contact member 55 and
slidable through an opening in a spring seat
on the contact arm 20. 'The spring 63 is com-
pressed between a washer 65, seated on a stioulder
on the rod 81, and the spring seat on the contact
arm 39. The rod 61 has a nut 75 on the outer
end thereof which acts to limit counterclockwise
rotation of the arcing contact member 55 about
its pivot when the contact arm 30 is moved to
open the contacts. Counterclockwise movement
of the main contact member 471 is limited by a
projection 13 thereon striking the body of the
contact arm 33. The adjustment ¢f the nut 15
on the rod 61 is such that the arcing contacts
35—37 open after the main contacts 33—39 open
during an opening operation of the circuit
breaker, and close before the main contacts close
during a closing operation.

‘When the contact arm 30 is operated to open
the contacts, the arc across the arcing contacts
35—37T resulting from the rupture of the current
is drawn into an arc extinguisher indicated gen-
erally at 16 where it is cooled and extinguished.
Any suitable arc extinguisher may be employed,
the one illustrated comprising, generally, a stack
of slotted plates (not shown) of magnetic mate-
rial disposed adjacent the paths of travel of each
of the arcing contacts 35. The plates serve to
draw the arc towards the ends of the slots where
it is broken up into a plurality of short arcs which
are quickly cooled and extinguished.

The movable arcing contact member 55 is con-
nected by a flexible shunt conductor 17 to the
main contact member 47 and another flexible
shunt conducior 719 connects the main contact
member 47 to the connector 21. The connector
21 for the center pole is secured to the cross
member 19 of the frame 17T by the bolts 23, and
the connectors 27 for the outer poles are bolted
to the base 1 with a spacer (not shown) be-
tween the base and each of these connectors in
order to align the members 271 of the outer poles
with the corresponding member 2T for the center
pole. A conductor 81, secured to the connector
z1 by means of bolts T4 extends downwardly
therefrom and is electrically connected to a ter-
minal connector 83 which, together with the ter-
minal connector 45, serves to connect the breaker
in an electrical circuit.

The electrical circuits for each of the several
poles of the breaker are essentially the same.
The circuit for the center pole extends from the
terminal connector 45 through the conductor 44,
the main contacts 33——39, the main contact mem-
ber 47, the flexible shunt conductor 79, the con-
nector 27, the conductor 81 to the terminal con-
nector 83. The circuit for the arcing contacts
3135 extends from the terminal connector 45,
through the conductor 4{, the arcing contacts
31—35, contact member 55, the flexible shunt
conductor 11, the main contact members 47, and
through the previously described circuit to the
terminal connector 83.

The contact arms 39 are biased in a clockwise
or opening direction by means of a pair of springs
85 (only one being shown). These springs are
tensioned between the center pole contact arm
30 and a fixed pivot 8T supported in the main
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frame (7. In the closed position of the breaker,
the center pole contact arm 30 and consequently
all of the contact arms are releasably restrained
in closed contact position (Fig. 1) by means of a
toggle and linkage mechanism whieh is collapsible
to cause opening of the contacts. The toggle and
linkage forms a part of the common operating
mechanism.

This collapsible linkage includes a lever 89
pivotally mounted on a fixed pivot 91 supported
on the main frame {7. The lever 89 comprises a
pair of levers rigidly connected by an integral
cross bar {11, and is operatively connected to the
support arms 31 of the center pole contact arm
30 by a main operating toggle comprising toggle
links 93 and 25. The toggle link 93 has one end
pivoted. on a pin 181 supported on the lever 8%
and the link 95 is pivoted on a pivot pin 89 on
the arms 31. The links 93 and 95 are pivotally
connected by a knee pivot pin 91. The toggle
link 85 comprises a pair of links rigidly connected
by means of an integral cross bar {15,

The free end of the lever 88 is pivotally con-
nected by means of a link 183 to one arm of a
lever 105 pivoted on the fixed pivot 81. The other
arm of the lever 105 is pivotally connected to a
toggle link 107 of a tripping toggle comprising
the link {07 and g toggle link 109. The link {09
is pivoted on g fixed pivot {13 supported on the
frame 471 and coraprises a pair of links joined
near the pivot 113 by an integral yoke i23 pro-
vided with projections 125 and 127. The toggle
link 187 comprises a pair of links connected by
an integral yoke 1{9 having a bent portion to
which is secured an extension (21 of insulating
material. The toggle links 107 and 109 are piv-
otally connected by a knee pivot pin {Il. The
purpose of the extension 121 is to cooperate with
a part connected to a manually operable handie
{41 to manually trip the breaker in a manner
to be more fully described later. The lever 185
and . the link 183 each comprise a pair of mem-
bers rigidly connected by yokeg substantially as
illustrated.

The Jinkage just described serves to releasably
hold the contact assemblage including the mov-
akle contacts for all of the poles of the breaker
in closed contact position. In the closed posi-
tion, the main operating toggle 93—95 is over-
center above a line through the center of the
pins 889—i81, and a second toggle, one link of
which coniprises the overcenter linkg 93—95 and
the other link of which comprises the lever 88,
is overcenter above a line through the center of
the pins 9% and §i. The overcenter movement
of the main operating toggle 93—95 is limited
by the projecting end of the link 93 engaging the
cross bar 115 of the link 95,

With the main operating toggle 93—85 and
the toggle comprising the links 93—985 and the
lever 8¢ in the overcenter position, as shown in
Fig. 1, the springs 85 biag the lever 89 in a clock-
wise direction. Clockwise movement of the lever
89, however, is normaily prevented by the trip-
ping toggle {07—188 which is overcenter to the
left of a line through the center of the fixed
pivot 113 and the point of connection of the
toggle link 187 with the lever 108. The toggle
{07—i09 is biased to its overcenter position by
a spring 128 tensioned between the yoke 119 and
the fized pivet 113. The overcenter position of
the tripping toggle 107109 is adjustably deter-
mined by the projection 125 of the yoke 123 en-

gaging an adjusting screw 129 in the cross mem-
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ber 25 of the frame. The tripping toggle 107—
109 in its overcenter position, acting through the
lever {05 and the link (03, prevents clockwise
movement of the lever 85 and consequently holds
the movable contact assemblage in the closed
contact. position against the biasing influence of
the springs 85.

The tripping toggle 107—109 is adapted to be
moved overcenter outwardly in a direction to
cause its collapse to effect opening of the con-
tacts by means of g trip device indicated gen-
erally at 133 (Fig. 1). The trip device is oper-
able in response tc overload currents in the cir-
cuits of the breaker to actuate a trip rod (3%
and cause coliapse of the tripping toggle 87—
193, The trip rod 135 is slidable vertically
through a shunt trip coil (not shown) enclosed

in a casing 138 attached to the main frame IT.

The shunt trip coil forms an additional tripping
means for tripping the breaker. The shunt coil
is adapted to be energized from a suitable source
and in a manner well known in the art, to oper-
ate the trip rod and trip the breaker from g re-
mote point.

‘When operated either by the shunt coil or by
the overload trip device 133, the trip rod 135 is
thrust upwardly and strikes the projection 27
of the yoke 123 and rocks the toggle link {09
clockwise about the fixed pivot 1#3. This move-
ment of the link 189 causes collapse of the trip-
ping toggle 181—108 permitiing clockwise move-
ment of the lever 89 which permits the springs
§5 to rock the movable contact assemblage clock-
wise to open the contacts,

The main operating toggle %3—85 does not
immediately collapse but the force of the springs
85 applied through the contact arm 30-—3( and
the main operating toggle causes collapse of the
toggle comprising the links $3—85 and the lever
89 which results in a clockwise movement of the
lever 88. This movement is transmitted through
the link 183 and the lever 185 to complete the
collapse of the tripping toggle {37—169,

The clockwise or opening movement of the
contact arm 80 is arrested by projections (not
shown) thereon striking portions 137 of the
frame i1. At this time the rebound of the in-
ertia of the main operating toggle $3—45 and
the parts of the linkage 89, 183, and 105 starts
the main operating toggle 83—95 overcenter in
a direction to cause its collapse. By the time
the knee pin 95 of the toggle has passed over-
center below the line 89—181 the weight of the
parts act to complete the collapse of the toggle
93—95 and causes the linkage 89, {3, 195 and
the tripping toggle 161—I09 to be automatically
reset to their normal position. The main op-
erating toggle 93-—985 remains in collapsed con-
dition until the contacts are closed.

The contacts are closed manually by opera-
tion of the previously mentioned handle I4i.
The handle is rotatably mounted in a bracket
143 of insulating material secured to the outer
end of the main frame 171.  Operatively con-
nected to the mechanism (not shown) operated
by the handle is a link (51. The lower end of
the link 151 is recessed and straddles a pulley-
shaped projection 153 rigidly secured on a cross
member 147 rigidly connecting the outer ends
of a pair of spaced contact closing levers (43,
These levers are disposed on the outside of the
frame IT and are pivotally supported on the
ends of the fixed pivot 91 which project beyond
the sides of the frame (1. The inner ends of
the levers 145 are rigidly connected by a cross
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member 149. Spaced projections 152 extending
from the center portion of the cross member
149 support a pivot pin 15T upon which is ro-
tatably mounted a roller 155.

The contacts are closed manually by clockwise
rotation of the handle 141. This movement of
the handle, through connections (not shown)
thrusts the link 151 downwardly and due to its
engagement with the projection 153, rotates the
closing lever 145 in a clockwise direction. Dur-
ing this movement of the lever 145, the roller 155
engages the link 93 of the now collapsed main
operating toggle 93—85 and moves this toggle
to its overcenter position. Since at this time
the tripping toggle 10T—I88 has been restored
to its overcenter holding position, rotation of
the lever 89 is prevented and consequently the
force applied by the roller 195 {o straighten the
toggle 93—95 rotates the contact arm 3% coun-
terclockwise to close the contacts and to ten-
sion the springs 85. The clockwise movement
of the closing lever (45 moves the toggle 93—9%
overcenter above the line 99—I10f so that the
contacts are held in the closed position until the
breaker is again tripped.

Upon release of the handle (41 following a
contact closing operation, a spring (59 tensioned
between the closing lever 145 and the frame I7
restores the lever 145 in a counterclockwise di-
rection. This movement of the lever (45 and
the projection 153 thrusts the link {51 upwardly
to restore the handle 141 to its neutral position.

The closing lever (45 may be operated to auto-
matically close the contacts through the agency
of a motor 139 (Fig. 1) mounted on a plate at-
tached to the side of the frame 1T. The motor
139 may be energized from any suitable source.
When energized, the motor is adapted, through
a suitable driving connection, to rotate a crank
disc 130. This disc carries an anti-friction roll-
er 131 which is adapted to engage a cam face
132 on an arm 134 secured to one side of the clos-
ing lever 145 and rotate the arm and the closing
lever 145 clockwise to effect closing of the contacts
in the previously described manner. As soon as
the roller #3t passes out of engagement with the
arm 134, the spring 159 acts to restore the lever
145 to its normal position. The motor 139 is
deenergized by a suitable limit switch (not
shown).

The circuit breaker may be tripped manually
by rotation of the handle 141 through a small
angle in a counterclockwise direction from its
neutral position. When the handle is rotated
in tripping direction, a projection (not shown)
on the link 151 engages the extension 21 on the
yoke {19 of the toggle link 10T agnd rocks the link
counterclockwise about its point of connection
with the lever 105. This moves the tripping
toggle 107—109 overcenter in a direction to
cause its collapse and effects opening of the
contacts in the previously described manner.

As previously stated, the trip rod 135 is oper-
ated to effect tripping of the breaker by means
of a current responsive trip device (33. There
is a trip device 133 provided for each of at least
two of the poles of the breaker but since the trip
devices are alike only the one for the center pole
is shown and will be described.

Referring to Fig. 2, the trip device includes an
electromagnet indicated generally at 160 includ-
ing a magnet core 161 having upwardly extend-
ing end pieces 163 (only one being shown) se-
cured thereto, both the core 161 and the end
pieces 163 being constructed of magnetic mate-
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rial. The end pieces 163 are securely mounted
on a U-shaped frame 165 of non-magnetic mate-
rial comprising parallel side members (61. A
spacer 169 is secured to the frame 165 by means
of screws {71 (only one being shown), and the
frame and the spacer are secured to the base {1
by bolts 1713 (only one being shown). The outer
ends of the side members 167 are rigidly con-
nected by a cross member 1715 formed integral
therewith. An energizing coil 82 electrically con-
nected to, or formed integral with, the conductor
8i, makes one complete turn about the core 161
and forms the energizing winding for the magnet
structure 180. The other end of the conductor 84
is electrically connected to the terminal 83. A
trip lever {17 comprising a pair of parallel levers
of non-magnetic material is pivotally supported
on the frame 165 by a pivot pin 179. The levers
{T1 are rigidly connected at their outer ends by
means of a yoke 181 and are joined at their oppo-
site ends by a relatively small armature {83.
The trip lever |77 is biased against operation by
the magnet 168, by means of a pair of springs 191
(only one being shown) having one end hooked
to the yoke 181 and the other end anchored to
a vertically movable plate 193, The plate 193
cooperates with an adjusting screw 195 which is
provided with a knurled head 197 bearing against
the bottom side of the cross member 175. Rota-
tion of the screw 195 moves the plate 133 and
thereby adjusts the tension of the springs 191 to
vary the minimum overload tripping point of the
breaker. A scale plate 203 supported on the outer
ends of the cross member {15, bears indicia which
indicates the trip setting of the breaker.

A trip bar 187 is rotatably supported in a
bracket 188 secured to the casing 138 (Fig. 1)
for the shunt trip coil. The trip bar 187 extends
across all the poles of the breaker and is pro-
vided with an arm i85 for each pole (only one
being shown), the center one of the arms being
in alignment with the lower end of the trip rod
135.  An adjusting screw 139 is mounted in each
of the yokes 18{ in alignment with the corre-
sponding arm 185 and is locked in adjusted posi-
tion by means of a lock nut 281.

Normal rated current flewing through the cir-
cuit of the breaker, including the energizing
winding 82, causes slight energization of the mag-
net 180, but not sufficient to overcome the tension
of the spring 18f. Upon the occurrence of an
overload current above a predetermined value,
for example, above 10 to 12 times rated current
in the circuit of any pole, the flow of current
through the corresponding coil 82 causes ener-
gization cof the magnet 150 sufficient to overcome
the tension of the springs 191 and attract the
armature 183 rocking the trip lever {17 counter-
clockwise. At this movement of the trip lever (17,
the screw 139 engages the corresponding arm (85
of the trip bar and rocks the trip bar 187 in a
clockwise direction thereby thrusting the trip rod
135 upwardly to trip the breaker in the previously
described manner.

Means are also provided to effect tripping of
the breaker after a time delay in response to per-
sistent overload currents below the predeter-
mined value. This means includes a trip lever
205 comprising a pair of parallel levers of non-
magnetic material pivotally mounted on the pivot
179 and disposed between the sides of the pre-
viously described lever 1711. The trip levers 205
are rigidly connected at their outer ends by means
of a cross bar 207, and a relatively large arma-
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ture 209 is secured to their opposite ends in juxta-
position with the end pieces 183 of the magnet
core. The trip lever 205 is normally latched
against operation by the magnet 180, by a latch
member 211 which normally engages the cross
bar 267. The latch member 211 is secured to a
pivot rod 213 hy a set-screw 215, and the rod 218
is pivotally supported by projections 2171 (only
one being shown) formed integral with the frame
165 and extending upwardly from the cross mem-
ber 175.

An ambient compensating bimetal element 219,
secured to the latch member 211 by means of
rivets 221, extends substantially horizontally
from the latch member toward the base (.. A low
temperature thermally responsive bimetal ele-
ment 223 is supported by a metal bracket 225 to
which it is rigidly secured by welding or in any
suitable manner. 'The low temperature responsive
bimetal may comprise any bimetal element in
which one side has a relatively high coefficient of
expansion and the other side has a relatively
low coefficient of expansion and which will deflect
in response to a relatively small change in tem-
perature. The bracket 225 is secured by means
of screws 227 to the conductor 81 at the left of the
coil 82 of the magnet, the bimetal element 223
extending outwardly and toward the right above
the coil and having its free end disposed just
below the free end of the compensating himetal
218. The free end of the himetal 223 has a nut
228 rigidly secured thereto in which is threaded
an adjusting screw 23{ of insulating material.
The screw 231 has an enlarged lower end 233 also
of insulating material formed integral therewith,
the purpose of which will be described later.

The bimetal element 249 is disposed to deflect
upwardly in response to an increase in ambient
temperature, and the bimetal element 223 is dis-

posed to deflect upwardly in response to an in- °

crease in ambient temperature or in teraperature
generated by an overload current flowing through
the conductor 81 and the coil 82, When the bi-
metal element 223 deflects upwardly a predeter~
mined amount in response to an increase in tem-
perature of the conductor 81 resulting from the
flow of overload current, the screw 231 engages
the free end of the compensating bimetal 219
and rotates the latter and the latch member 211
clockwise to disengage the latch member from
the cross bar 281. The increased energization of
the magnet {60 occasioned by the overload cur-
rent is sufficient to attract the large armature
2098 and rotate the trip lever 205 counterclock-
wise, As previously stated, overload currents be-
low a predetermined value do not energize the
magnet 188 sufficiently to overcome the tension
of the springs 191 and operate the trip lever {17
due to the smaller size of the armature 183. The
larger armature 208, however, provides for an
increased flow of magnetic flux and, therefore, a
greater magnetic pull so that when the latch
member is operated to release the trip lever 205,
the magnet immediately attracts the armature
and rotates the trip lever 205 counterclockwise.
Due to the engagement of the trip lever 205 with
the armature 183, this movement of the trip
lever 245 rotates the trip lever {711 therewith to
effect tripping of the breaker, as previously de-
scribed. :

When the circuit is interrupted at the main
contacts (Fig. 1), the magnet i60 is deenergized
and the springs 191 (Fig. 2) restore the trip lever
{11 to rormal position and, by means of the

armature 183, restore the trip lever 2705 to its .
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normal position. As the bimetal element 223
cools and resumes its normal position, it permits
the bimetal element 2(9 fo rotate counterclock-
wise, thus restoring the latch member to latch-
ing engagement with the cross bar 267.. The
clockwise or restoring movement of the trip lever
205 is limited by an adjusting screw 235 which is
locked in position by a lock nut 237. Due to the
engagement of the lever 205 with the armature
183, the screw 235 also limits the clockwise move-
ment of the trip lever 111

The previously mentioned, enlarged end 233 of
the screw 231 forms a part of a device for vary-
ing the amount of time delay provided by the bi-
metal element 223, that is, the amount of deflec-
tion of the bimetal that is required to release the
latch. This result is obtained by rotating the
insulating screw 231 to thereby adjust the dis-
tance of the end of the screw from the bimetal
2i89.

The squared upper end 239 of an adjusting
member 241 of insulating material fits relatively
loosely within serrations formed on the inside of
the enlarged end 233 of the screw 231 forming
a slidable connection between the member 241
and the screw 231. The member 241 is provided
with a portion 243 substantially spherical in
shape which is supported for universal move-
ment in a U-shaped convex metal band 245 pass-
ing around the portion 243 and having its ends
secured by means of screws 246 (only one being
shown) to a bracket 247 which, in turn, is se-
cured. by means of a screw 249 to the underside
of the frame (85. 'The lower end of the member
24{ is formed in the shape of a knurled head
251 and is provided with a lug 253 which is
adapted to engage a projection 255 of the bracket
247 to limit the rotation of the member 241.

The end 257 of the bimetal 223 which projects
to the right of the nut 229 is bent downwardly
and is tensioned against the periphery of 233
which is provided with a plurality of flat sur-
faces in order to retain the screw member 233
and the screw 231 in adjusted position.

Since the end 233 of the screw 231 is movable
axially relative to the member 241, rotation of
this member does not move the bimetal 223 but
merely moves the end of the screw 23! toward
and away from the bimetal 219 and in this man-
ner varies the time delay provided by the bimetal
element 223.

‘When the bimetal 223 deflects upwardly in re-
sponse to overload currents, it moves the axis of
the screw 231 and the enlarged end 2233 thereof
upwardly and slightly in a counterclockwise di-
rection out of the normal position, moving the
member - 233 slightly toward the right. This
movement, through the slidable connection
233—239, rotates the adjusting member 24&1
slightly clockwise, the spherical portion acting as
the pivot. Since the member 241 is freely mov-
able in its support bracket or band 245, it im-
poses no restraint on the deflecting movement
of the bimetal 223.

The enlarged end portion 233 with its serrated
inner surface, and the square portion 239 of the
member 24( also serve as a means for calibrat-
ing the bimetal element to correspond to the
trip setting of the adjusting screw 195. When
the minimum trip setting of the device is ad-
justed by the screw 195, it is necessary to recali-
hrate the bimetal 223 accordingly and this is done
by removing the adjusting member 241 and turn-
ing the screw 23f to obtain the proper distance
of the screw end from the free end of the bimetal
219 corresponding to the new trip setting of the
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screw 195, and then reassembling the member
244,

Since the bimetal element 223 is a low tem-
perature bimetal, that is, one which will deflect
when its temperature is increased a relatively
small amount, it can be heated by conduction
directly from the conductor 82 without any re-
sistance heating means and without any current
flow through the bimetal. By this construction
overload currents cannot damage the bimetal
element or alter its calibration, and there is no
heater which might be burned up as in the case of
some prior art devices.

The bimetal elements 219 and 223 have the
same characteristics and deflect upwardly the
same extent in response to an increase in am-
bient temperature. It can be seen, therefore,
that the additional deflection of the bimetal 223,
in order to trip the breaker in response to an
overload of given magnitude and duration, will
remain the same for any ambient temperature
within the limits of the device.

Fig. 3 illustrates a modification of the inven-
tion in which an ambient compensating bimetal
carried by a trip member is latched directly to a
thermally responsive bimetal element to control
tripping of the breaker on overloads below the
predetermined value. In the modification shown
in Figs. 3 and 4, like parts have been given the
same reference characters. This trip device
includes a U-shaped magnet core 251 and a frame
263 of non-magnetic material comprising parailel
slide members 285 rigidly connected by a cross
member 261. Each of the side members 265 is
provided with an angularly bent foot 269 abut-
ting against the magnet core 261, and the frame
and the magnet core are secured to the base !
by means of bolts 271 (only one being shown).
A trip lever comprising a pair of arms 273 is piv-
otally mounted on a rod 275 supported in the
frame 263. At their inner ends the arms carry an
armature 271 and the outer ends of the arms 273
are rigidly connected by a yoke 275. The trip lever
273 is biased against operation by the magnet
261, by means of a pair of springs 191 having
one end secured to the yoke 219 and the other
end attached to the vertically movable plate 133.
A conductor 281 secured to the connector 27
(Fig. 1) in place of the conductor 8{ and coil
82 of the previously described trip device, extends
downwardly and between the legs of the magnet
core and thereby forms a single turn energizing
coil for the magnet core. The end of the con-
ductor 281 extends substantially horizontally
through an opening in the base ! and forms a
terminal connector 283.

The conductor 281 serves to eneigize the mag-
net 261; however, on low overloads below a pre-
determined value, this energization is insufficient
to overcome the tension of the springs 191 and
effect tripping of the breaker. On overloads above
a predetermined value, for example above 10
‘to 12 times rated current, the pull of the magnet
is sufficient to overcome the springs 191, attract
the armature 277, and operate the trip lever 2713
to trip the breaker in the previously described
manner.

The current responsive inverse time limit trip-
ping means of the Fig. 3 modification includes a
trip lever 285 of non-magnetic material compris-
ing a pair of spaced arms pivotally mounted on
the rod 215 and connected at their outer ends by
means of a yoke 287. A relatively large arma-
ture 289 is secured to the inner ends of the arms
of the lever 285 for cooperating with the magnet
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261. A low temperature thermally responsive bi-
metal element 231, secured to the underside of
the conductor 281 by means of two rivets 293
(only one being shown), has a laich member 235
secured to bulb insulated from its free end. An
ambient compensating bimetal element 287 has
one end rigidly secured to a flattened portion of
a shait 229 rotatably supported in the ends of
the lever arms 285. A latch member 30{ secured
to but insulated from the free end of the ambient
biinetal 287 cooperates with the latch member
285 to normally prevent operation of the trip
lever 285 by the magnet 281, An adjusting screw
263 is threaded into an opening in the shafi 293
in alienment with one of the arms of the lever
212 and is locked in adjusted position by a lock
nut 208, Another adjusting screw 307 in the
cross member 237 of the frame 265 forms an ad-
justable stop for the trip lever 285 and is en-
gageable by the yoke 281 of the lever. A lock nut
389 maintains the screw in adjusted position. The
springs 18} bias the trip lever 233 in a clockwise
direction against the screw 283 and by means of
the screw and the shaft 299 piases the trip lever
285 also clockwise into contact with the screw
307. The screw 303 serves as an adjustable stop
between the trip levers 285 and 273. The screw
307 serves as an adjustment to obtain proper
clearance at the latch point. This screw 307
should preferably be adjusted for a maximum
clearance of .005 of an inch at the latch point.

An adjustment is provided to adjust the over-
lap of the latch members 295 and 38(. This ad-
justment includes a resilient spring strip 311
secured to the compensating bimetal element 267
at the point where the bimetal is secured to the
shaft 289. The member 3!1 has a substantialiy
horizontal portion adjacent the bimetal 257 and
is bent downwardly as at 313 to the right thereof
and engages the right-hand end of an exten-
sion 314 of the yoke 287. To the left of the shaff
289, the member 31! inclines downwardly and.
at a point near its left-hand end, engages an ad-
justing screw 245, The screw 315 is held in posi-
tion in the yoke 287 by a lock nut 317.

The member 311 is tensioned hetween the end
of the screw 215 and the end of the exiension
314, Rotation of the screw 315 in a direciion to
move it upwardly increases the tension of the
member 341 and causes a slight clockwise rota-
tion of the shaft 439 and the bimetal 247 to
increase the latch overlap. Movement of the
screw 35 in the opposite direction decreases the
tension of the member 311 and effects a reduction
in the latch overlap. The tensicn of the spring
131 is adjusted in the previousiy described man-
ner and for the same purpose.

Upon the occurrence of an overload below the
bredetermined value, the pull of the magnet 261
increases, and the bimetal 29!, when heated a
predetermined amount deflects upwardly to dis-
engage the latch member 295 from the latch 301.
When this occurs, the magnet 281 attracts the
large armature 289 and rocks the trip lever 285
counterclockwise, which movement through the
agency of the shaft 293 and the screw 363, rocks
the trip lever 213 in the same direction to effect
tripping of the breaker in the manner previously
described.

When the current is interrupted and the mag-
net 261 is deenergized, the spring 19! restores
the trip lever 273 to its normal unattracted posi-
tion as shown, and by means of the connection
299303 restores the lever 285 to the position
shown. As the bimetal 291 cools and resumes its
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normal position, the latch 288 reengages the latch
301.

The bimetal elements 281 and 29T have the
same characteristic and defiect upwardly an
equal extent in response to a rise in ambient
temperature, thus providing a maximum correc-
tion for variations in ambient temperatures.

According to the modification shown in Fig.
4 of the drawings, the bregker is tripped after
a time delay in response to overloads below the
predetermined value under the control of an oil
dashpot. On overload currents above the prede-
termined value, the breaker is tripped instan-
taneously -independently of the dashpot.

The trip lever 17T shown in Fig. 4 is identical
with the lever {17 shown in Fig. 2 and operates
in the same manner to trip the breaker instan-
taneously on overloads above the predetermined
value. The magnet 160, including the magnet
core 16{—I163 and the energizing coil 82, is the
same as that shown in Fig. 2, and the trip lever
205 is the same as the one shown in PFig. 2 with
the exception that the cross bar 207 is omitted,
the right-hand arms are shortened and are op-
eratively connected by means of a rod 2{9 and
pivot pin 321 to the piston 323 of a dashpot in-
dicated generally at 325. The dashpot 328 may
be of any suitable type, such, for instance, as
is fully disclosed in the copending application
of John W. May and William H. Stuellein, Se~
rial No. 392,048, filed May 6, 1941, and assigned
to the assignee of the instant invention, which
application became Patent No. 2,340,973 on Feb-
ruary 8, 1944. The dashpot is of the suction disk
type and comprises a cup-shaped member or
pot 327 secured to the bottom of the frame {65
and at least partially filled with oil. The piston
323 is provided with suction surfaces (not shown)
on its lower face which cooperate with similar
suction surfaces (also not shown) in the bottom
of the cup 327. The cup is so mounted that it
may be rotated to vary the effective suction
area which provides a convenient means of de~
termining the tripping time delay of the breaker
on overloads below the predetermined value.

As previously mentioned, the magnet {68 is
energized sufficiently to instantaneously trip the
breaker when an overload above the predeter-
mined value or a short circuit occurs, the trip
lever 17 operating independently of the trip
lever 285 and the dashpot.

Normal rated current flowing through the coil
82 does not energize the magnet (60 sufficiently
to attract the armatures 183 and 288 and over-
come the tension of the spring {8!. When an
aoverload current below the predetermined value
occurs, the increased energization of the msg-
net 160 creates a pull on the armatures suffi-
cient to overcome the spring {91 and applies
a force on the rod 29 in an upward direction,
which, after a time delay determined hy the
magnitude and duration of the overload, breaks
the suction or oil seal between the suction sur-
faces of the piston 323 and the cup 327. The
magnet 160 then attracts the armatures and op-
erates the trip levers 17T and 285 to trip the
breaker. When the overload current is inter-
rupted, the springs {91 function to restore the
lever 117, and by means of the armature 183, the
lever 2085 to normal position as shown in Fig. 4.

We claim as our invention:

1. A circuit breaker comprising relatively mov-
able contacts, operating mechanism for said
contacts, a trip mechanism comprising a trip
member operable to cause opening of the con-
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tacts, an electromagnet operable in response to
overload currents above a predetermined value
to instantaneously operate the trip member, a
second member operable by said magnet to op-
erate the trip member, a latch normally restrain-
ing said second member against operation and
operable to release said second member, a ther-
mally responsive bimetallic element heated in
response to the current of the circuit and oper-
able when heated a predetermined amount in
response to overload currents below said pre~-
determined value for operating said lateh, and an
ambient responsive bimetallic element inter-
mediate the thermally responsive himetallic ele~
ment and the latch for compensating the device
for changes in ambient temperature.

2. A circuit breaker comprising relatively
movable contacts, operating mechanism for said
contacts, a trip device including a trip member
operable to cause opening of said contacts, an
electromagnet operable in response to overload
currents above a predetermined value to cper-
ate said trip member, a second member operable
to operate the trip member, a latch normally
restraining said member against operation and
operable to release said member, an ambient
temperature responsive bimetallic element se-
cured to said latch, and a thermally responsive
bimetallic element heated in response to the
current of the circuit and operable when heated
a predetermined amount to engage said ambient
temperature responsive bimetallic element and
operate the latch, said ambient temperature re-
sponsive bimetal compensating the device for
changes in ambient temperature. )

3. A circuit breaker comprising relatively mov-
able contacts, operating mechanism for said con-
tacts, a trip device including a trip member op-
erable to cause opening of the contacts, an elec-
tromagnet operable in response to overload cir-
cuits for operating said trip member, an arma-
ture operable by said electromagnet under cer-

- tain conditions to operate the trip member, said
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trip member being operable under certain other
conditions independently of said armature, a
latech member normally latching said armature
against operation and movable to an unlatch-
ing position to release the armature, an ambient
temperature responsive bimetallic element oper-
atively associated with said latch member, and
a thermally responsive bimetallic element heated
in response to the current of the circuit and op-
erable when heated a predetermined amount to
cause said armature to be released, said ambient
responsive bimetallic element acting in response
to changes in ambient temperature to compensate
the device for changes in ambient temperature.

4. A circuit breaker comprising relatively mov~
able contacts, operating mechanism for said con-
tacts, a trip device including a trip member op-
erable to cause opening of the contacts, an elec-
tromagnet operable in response to overload cur-
rents above a predetermined magnitude to in-
stantaneously operate said trip member, a second
member operable by said electromagnet in re-
sponse to overload currents below said predeter-
mined maghnitude to operate said trip member,
said trip member being operable instantaneously
upon overloads above said predetermined mag-
nitude independently of said second member, an
ambient responsive himetallic element operatively
agsociated with said second member, and a ther-
mally responsive bimetallic element cooperating
with said ambient responsive bimetallic element
to normeally restrain the member against opera-
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tion, said thermally responsive bimetallic element
being heated in response to the current of the
circuit and operable when heated a predeter-
mined amount by overload currents to release
said second member and permit said second mem-
ber to operate the trip member.

5. A circuit breaker comprising relatively mov-
able contacts, operating mechanism for said con-
tacts, a trip device including an electromagnet,
a trip member operable by said electromagnet
under certain circuit conditions to cause instan-
taneous opening of the contacts, an auxiliary
member operable by said electromagnet under
certain other circuit conditions to operate the
trip member, an gmbient temperature compen-
sating bimetal element operatively associated
with said auxiliary member, and a thermally re-
sponsive bimetal element cooperating with said
ambient compensating bimetal element to nor-
mally restrain the auxiliary member against op-
eration, said thermally responsive bimetal ele-
ment being cperable when heated a predeter-
mined amount in response to said certain other
circuit conditions to release the auxiliary mem-
ber and thereby cause the electromagnet to op-
erate the trip member.

6. A circuit breaker comprising relatively mov-
able contacts, operating mechanism for said con-
tacts, a trip device including a trip member oper-
able to cause opening of said contacts, an elec-
tromagnet operable in response to overload cur-
rents above a predetermined value to instanta-
neously operate the trip member, an auxiliary
member operable by said magnet to operate the
trip member, a latch member normally restrain-
ing said auxiliary member against operation, a
pair of bimetallic elements disposed to deflect
in the same direction when heated, one of said
bimetallic elements being operatively associated
with the latch member and responsive to
changes in ambient temperature, and the other
of said bimetallic elements being heated in re-
sponse to the current of the circuit and operable
when heated a predetermined amount in re-
sponse to overload currents below the predeter-
mined amount to effect unlatching of the auxil-
iary member.

7. A circuit breaker comprising relatively mov-
able contacts, operating mechanism for said con-
tacts, a trip device including a trip member op-
erable to cause opening of said contacts, an elec-
tromagnet operable in response to overload cur-
rents ahove a predetermined value to instanta-
neously operate said trip member, an auxiliary
member operable by said electromagnet to oper-
ate the trip member, a latch member for restrain-
ing said auxiliary member against operation, a
pair of bimetallic elements disposed to deflect in
the same direction when heated, one of said bi-
metallic elements being operatively associated
with said latch member, and the other of said
himetallic elements being operable when heated
a predetermined amount in response to overload
currents below said predetermined value to cause
operation of the latch member to release said
auxiliary member, and adjusting means compris-
ing an adjustable member rotatably mounted on
the thermally responsive bimetallic element and
movable therewith and a member mounted for
universal movement in a fixed support for oper-
ating said adjustable membher to determine the
unlatching point of the latch member,

8. A circuit breaker comprising relatively mov-
able contacts, operating mechanism for said con-
tacts, a trip device including a trip member oper-
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able to cause cpening of said contacts, a latch
normelly restraining said trip member against
operation and coperable to release said member,
an ambient temperature respensive pimetsallic
element secured to said latch, and a thermally
responsive bimetallic element heated in response
to curreni of the circuit and operable when hested
o predetermined amount to engage the ampient
temperature responsive bimetailic element and
operate the latch, sald ambient temperature re-
sponsive himetallic element compensating the de-
vice for changes in ambient temperature.

9. A circuit breaker compriging relatively mov-
able contacts, operating mechanism therelor, a
trip device including a trip member operable to
cause opening of the contacts, a latch normally
restraining said trip member against operaiion
and operable to release sald trip member, an
anmbient temperature responsive bimetallic ele-
ment secured to said lateh, a low temperature re-
sponsive bimetallic element disposed in heat
conducting relationship to a current conductor
of the breaker and operable when heated a pre-
determined amount to engage the ambient tem-
perature responsive bimetallic element and oper-
ate the latch, said ambient temperature respon-
sive bimetallic element compensating the device
for changes in ambient temperature.

10. A circuit breaker comprising relatively
movahle contacts, operating mechanism for said
contacts, a trip device including a trip member
operable to cause opening of said contacts, a latch
member for restraining said trip member against
operation, a pair of bimetallic elements disposed
to deflect in the same direction when heated, one
of said bimetallic elements being operatively
associated with the latch member, and the other
of said bimetallic elements being operable when
heated in response to overload currents to cause
operation of the latch member to release the trip
member, an electromagnet cperable in response
to overload currents to operate said trip member,
and adjusting means comprising an adjustable
member rotatably mounted on the thermally re-
sponsive bimetallic element and movable there-
with and a member mounted for universal move-
ment in a fixed support for operating said ad-
justable member.

11. A cirvcuit breaker comprising relatively
movable contacts, operating mechanism for said
contacts, a trip device including a trin member
operable to cause opening of the contacts, an elsc-
tromagnet operable in response to overload cur-
rent above a predetermined value to onernte the
trip member, a second member operable to oper-
ate the trip member, a latch membser for nor-
mally restraining said second member against
operation, said latch member being pivoted on
a fixed pivot, an ambient temperature respon-
sive bimetal element secured to said latch mem-
ber, and a thermally responsive himetal element
heated in response to the current of the circuit
and operable when heated a predeterminer
amount to move the ambient temperature re-
sponsive bimetal and operate the latch, said
ambient temperature responsive himetal com-
pensating the trip device for changes in ambicnt
temperature.

12, A circuit breaker comprising relatively
movable contacts, operating mechanism for said
contacts, a trip device including an electromag-
net, a trip member operable by said electromag-
net in response to overload currents above a pre-
determined value to cause instantaneous open-
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ing of the contacts, an auxiliary member oper-
able by said electromagnet to operate the trip
member, an ambient temperature responsive bi-
metal element mounted on said auxiliary mem-
ber for movement therewith, a therinally re-
sponsive bimetal element cooperating with said
ambient temperature responsive bimetal to nor-
mally restrain said auxiliary member against
operation, said thermally responsive bimetal ele-
ment being operable when heated a predeter-
mined amount in response to overload currents to
release the auxiliary member and thereby cause
the electromagnet to operate the trip member.
i13. A circuit breaker comprising relatively
movaple contacts, operating mechanism there-
for, a trip device including a trip member oper-
able to cause opening of the contacts, an elec-
tromagnet operable in response to overload cur-
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rents above a predetermined value to instantane-
ously operate said trip member, an auxiliary
member operable by said electromagnet to operate
the trip member, an ambient temperature re-
sponsive bimetal element mounted on and mov-
able with said auxiliary member, a latch member
on said bimetal element, a thermally responsive
bimetal element, a latch on said thermally re-
sponsive bimetal element cooperating with said
latch member to normally restrain the auxiliary
member against operation, said thermally respon-
sive bimetal deflecting when heated a predeter-
mined amount in response to overload currents
below said predetermined value to release said
auxiliary member and thereby cause the magnet
to operate the trip member.

TURE LINDSTROM.
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