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1

This invention rélates o circuit reakers and
more partictlarly to cirenit ‘breakers of the type
used for contreliing light to moderate powar dig-
tribution eirenits.

An object of the invention Is to provide a cir-
euit breaker embodying & novel trip device that
is ‘operable to trip the breaker after a relatively
long time delay in response to overload currents
of relative low value, after o relativaly short timme
delay in response to overload currents of inter-
mediate value balow 4 ‘Predetermined value ang
Instantzneously in response Yo overload currents
above said predetermined value as skort ‘cireuits.

Another object of the invention is to provide
a ecircuit breaker embodying an electromagnetic
trip device having a novel time delay deviee and
eans for limiting the foree applied by the elee-
tromagnet to the time delay device.

Ancther object of the invention is to provide
3 tireuit breaker having o trip device embody-
Ing a novel time delay device of the fluid @ash-
pot type in which time delays of different dura-
tion in different ranges of overload euirents are
provided by admitting fluid t0 the dashpot at
different rates.

Another object of the invention is to provide
a circuit breaker embodying a hovel time delay
device of the fAuid dashpot type wheérein differ-
ent amounts of time delay are provided by the
operation of ohe or more valves to admit fluid
to the dashpot at different rates. _

Another object of the invention is to provide
2 ‘cireuit brezker embodying a novel trip device
and a time delay device of the fluid dashpot type
wherein time delays of different durations are
provided by the operation of one or more vaives
for admitting Auid to said dashpot, at least one
of the valves being operated electromagnetieally
in response tn overload currents of g bredeter-
mined magnitude,

Another objeet of the invention

is to provide
8, circuit hreaker

embodying a novel trip device
and a time delay device of the fuid dashpot type
having separate valve means for controlling the
acmission of fiuid to said dashpot to provide time
delay actions of different durations and having
adjusting means for adjusting the amount of
opening of the valve means to vary the amount
of time delay provided by each valve,

A further object of the invention is to Pro-
vide g cireuit hreakar embodying a novel trip
ievice and a time delay device of the fluid dazh-
pot type baving a plurality of valves for cone
trolling the sdmission of finid to $aid dashpot,
cerfain of said vaives being operated electio-
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magnetically, adjusting ‘
the amount of opéning of certain of said valves
and other adjusting means for selecting the mini-
mum -overload curtent required to operate ¢er-
tain of said valves. , _

Another object of the invention is to provide
2 cireuit breaker embodying a novel tip device
having a time delay device providing time delay
tripping of different duration for different rahges
of overload currents as well as instantaneous
trippihg, separate adjusting means for varying
the amount of time delay in each range and sepa-
rate adjusting means for selectively determining
the minimum overload current reguirerhent for
each range of time delay tripping and instan-
taneous tripping, all of the adjusting means bhe-
ing disposed for easy access. )

The novel features that are considered chai-
acteristic of the invention are Set foith in the
appended claims. The invention itself, however,
both as to structure and operation, together with
additional objects and advantages thereof, will
be best understood from the Tollowing detailed
description of a preferred embodiment thereof,
When read in connection with the atcompanying
drawings.

In said drawings: A

Fig. 1 is an elevational view partly in section
of a cireuit breaker embodying the principles of
the invention; i

Fig. 2 is a vertical sectional view through the
trip deviece taken substantally along line T1-—11
of Fig. 3 and looking in the direction of the ar-
Tows; _

Fig. 3 15 a sectional plan view of the time delay
device taken substantially along line IIT—IT of
Fig. 2 and looking in the direction of the a¥rows;

Fig. 4 is a fragmentary sectional view taken
on line IV—IV of Fig. 3 and showing theé shott-
time delay vailve device and the adjusting means
therefor;

Fig. 5 is a fragmentary sectional view taken
substantially on line V—< of Fig. 3 and showing
the instantaneous valve device ang the adjusting
means therefor:;

Fig. 6 is an elevationai
device showing the scale
adjusting knobs;

Fig. 7 is a schematic view of the
illustrating the several
titne delay device; and

Fig. 8 is a schematic diagram Showing the
range of adjustment of the trip device.

Referring to Fig. 1 of the arawings, the cirsuis
breaker includes a plurality of pole units each

means for adjusting

view of the time d‘él'ay
vlate and the severa]
trip device
adjusting means for ihe
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comprising a contact structure indicated gener-
ally at if, and an overcurrent trip device indi-
eated generally at {3. The contact structure and
the trip device for each pole unit are mounted
on a separate insulating base i5 whkich is rigidly
secured to o metal panel §7. Since the pole units
are alike, only the center pole unit is illustrated
and described.

The insulating base 16 for the center pole unit
is secured to the panel 1T by means of screws
t9 threadedly engaging metal inserts 2{ molded
integral with the insulating base (8.

The contach structure t{ comprises a stationary
main contach 23 and a stationary arcing contact
28, both of which are secured on the inner end
of a terminal conducting bar 217 which extends
through a suitable opening in the base i8. The
stationary arcing contact 25 is rigidly mounted
on an upwardly extending portion 29 of the ter-
minal bar 27 which is secured to the base 15 by
means of a bolt 81.

Cooperating with the stationary main and arc-
ing contacts 23 and 2§, respectively, is a movable
main contact 23 and 2 movable arcing contact 35.

The movable contact 33 is secured in a suitable

manner as by welding to a pivoted contact car-
rying member 37 and the movable arcing contact
35 is secured by means of screws 38 to the contact
member 57,

The contact carrying member 37 is pivotally
mounted by means of a pivot pin &1 on the upper
or free end of a generally U-shaped switch arm
43 having its two legs pivoted by means of sepa-
rate pivot pins 45 supported in spaced brackets

a7 which are mounted on the base {8 by screws:

49, there bkeing a separate bracket 7 and pivot
pins 45 for each leg of the switch arm £3, only
one .of each, however, being shown.

The movable contact carrying member 37 is

electrically connected by means of a flexible shunt:
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conductor §i to the energizing coil of the trip de-

vice {3 which will be described later. The upper
end of the flexible conductor 5i is rigidly clamped
- %o the lower end of the contact member 37 by

means of a plate 53 which has an integral portion-

55 of the contact member projecting through an
opening therein and having its end riveted over
against the plate in the manner shown in Fig. 1.
A spring 51 compressed between the plate 53 and
2 spring seat 59 in the insulating base {8 provides
contact pressure in the closed position of the
breaker and also biases the movable contact
structure in opening direction.

The movable contact structure is normally
maintained in the closed position by an operating
mechanism indicated generally at 61 (Fig. 1)
mounted in a U-shaped frame 63. The frame 63
comprises side members 85 (only one being
shown) and a cross member §T and is supported
on a platform 89 forming the cross member of a
generally U-shaped main bracket comprising a
pair of spaced side members 74 (only one being
shown) joined at their outer ends by the cross
member or platform 89. The platform 69 extends
across the width of the breaker and the side
members 7{ are suitably secured to the metal
panel {7 on the outside of the two outer poiles
of the breaker.

"The operating mechanism includes a lever i3
pivotally mounted on a pivot pin 75 supported in
the side members 65 of the frame 63. The lever
18 comprises a pair of spaced levers joined by a
cross member 77 and between them supporting a
rod 78 which extends across all three poles of ‘the
breaker. The rod 1§ is operatively connected by
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means of an insulating connecting member 81 to
the pivot pin 4{ in the free end of the switch
member 43 on which the movable contact member
37 is mounted. It will be understood that there
is provided a connecting member 8{ for each pole
of the breaker connecting the rod 19 to the mov-
able contact structure for each pole unit so that
upon operation of the rod 19 the movable con-
tacts for all three poles move in unison.

An operating linkage comprising toggle links
83, 85 and 87 is provided to hold the lever 13 and
consequently the movable contacts in the closed
position and to operate the movable contacts to
open and closed positions. The toggle link 83
comprises a pair of spaced links joined by a cr0ss
member and is pivotally connected to the lever 73
by a pivot pin 89. Similarly the toggle link 8%
comprises a pair of spaced links and is connected
by means of a knee pivot pin ¢ to the toggle link
83 and by a pivot pin 82 to the toggle link 817.
The toggle link 87 comprises a pair of links joined
by a cam shaped cross member 85 and is pivotally
mounted on a fixed pivot §7 supported in the
frame 63.

The linkage 83, 85 and 87 comprises two toggles,
one of which 83—85 may be designated as the
tripping toggle and the other 85—87 as the clos-
ing toggle. The tripping toggle 83—=E€5 is nor-
mally slightly underset above a line drawn
through the pivot pins 86-—93 and the closing
toggle 85—87 is normally under set below a line
drawn through the pivots 91—8T.

The tripping toggle §3—=85 is normally biased in
a direction to cause its collapse by a coraponent
of the springs 37 which bias the movable contact
structures for the three poles of the breaker in
opening direction and bias the connecting mem-
ber 81 toward the left (Fig. 1). The tripping
toggle §3—85 is normally prevented from collaps-
ing by means of a main latch member 89 pivoted
on the pivot pin 75 and connected by means of a
link 101 to the knee pin 81 of the tripping toggle,
the link §81 being connected to the latch member
§9 by a pivot pin 103.

The main latch 99 is held in iatching position
by an intermediate latch lever 185 pivoted on a
pin 187 supported in the frame §3. The latch
lever 105 comprises a pair of spaced levers (only
one being shown) which between them support
a pin 189 upon which is rotatably mounted &
latch roller ffi. The lower ends of the latch
levers are joined by an arcuate cross member {3
which forms a latch element engaging a light
load latch i15 to hold the latch roller {4t in en-
gagement with the main lateh 88. The latch {15
is rigidly mounted on a channel-shaped member
{17 pivotally mounted on a pin {19 supported
in the frame 53. The latch lever g5 and the
member (17 are biased to their latching posi-
tions by & spring {2} tensioned between the parts
as shown in Fig. 1. Rigidly mounted on the right
hand end of the channel-shaped member 147 is
g trip bar 123 which extends across all the poles
of the breaker and has secured thereto an insu-
lating bracket 125 for each of the three poles of
the breaker. Each of the bracksts 25 has a
headed screw 127 adjustably mounted therein
for cooperation with the trip device {3 in a man-
ner to be presenily described.

It will be seen that as long as the main latch
89 is held in latching position by the latching
mechanism just described, the tripping toggle
$3—85 will, through the link {81, be held in the
position shown, in which the breaker contacts
are held in the closed position. The closing tog-
gle 85—87 is biased in a direction to cause its
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collapse by & spring 128 colled about the pivot
pin 97, the spring having one end bearing ggainst,
the cross member 67 and the other end bearing
against the knee pivot pin 93 of the closing tog-
gle. The closing togele 85—87 is normaliy pre-
vented from collapsing by a shouldered support
member 131 pivoted on the pin {87 and biaseq
by means of a spring 133 into supporting en-
gagement with the knee pin %3 of the closing
toggle.

Rigidly secured to the front plate or eross
member 7 of the frame 63 is a bearing {25 in
which is rotatably mounted g handle shaft (37,
The outer end of the handle shaft {37 earries an
operating handle (not shown) and a plate mem-
ber 139 is secured to the inner end of the shaft
131. The plate member 122 has an outwardly
formed portion {41 which. in the normal position
of the handle, registers with g lug {42 formed in-
wardly from the cross member 87. A spring {85
coiled about the bearing {38 has its ends bearing
against the portion {4i and the Iug 43 in a
manner to bias the shaft {37 and the operating
handle in hoth directions to & central position.
The plate 139 is provided with shouldered por-
tions, one of which is shown at {47, whizh en.
gage the lug 143 to limit the rotary motion of
the handle. Also secured to the plate 139 is 3
cam member {48 which has the dual function
of engaging the free end of the channel-shaped
member ({7 to manually trip the hreaker open
upon movement of the handle in one direction
and of engaging the cam 85 on the closing tog-
gle 85—387 to manually close the breaker upon
movement of the handle in the opposite direction.

Assuming the eireuit breaker to be in the closed
position as shown in Fig. 1, the breaker is tripped
oben manually by rotating the handle shaft 137
in the preper direction during which movement
the cam member (43 engages and actuates the
channel-shaped latch member {17 in vnlatching
direction. This effects release of the latch mem-
ber 115 whereupon the force exerted by the
springs 571 biasing the switch arm 43 in opening
direction, transmitted through the connections
81 and the lever 713, causes the tripping toggle
83—85 to collapse upwardly and effects opening
movement of the movakle contact structures of
all of the poles of the breaker., When the trip-
ping toggle collapses the link ¢ i rotates the
latch 99 clockwise, forcing the lateh roller fit
to unlatching position where it is held by the
arcuate surface on the latch 88,

During the opening movement of the switeh
arm 43 the springs 57 maintain the arcing con-
tacts in engagement until a tail 15! on the con-
tact member 37 engages the Cross member of the
switch arm 43. The opening movement of the
switch arm 43 is limited by its engagement with
extensions on the brackets 47. The opening
movement of the lever 13 is arrested by engage-
ment of surfaces 155 on the two legs thereof
with ears {57 struck out from the side members
65 of the frame 63, )

The closing toggle 8581 does not immedi-
ately collapse following the release of the laten
99 since it is held by the support 13{. However,
during the collapsing movement of the tripping
toggle the toggle link 85 rotates counterclock-
wise about the pivot pin 93. During this rotation
of the link 85, an ear 153 formed thereon adia-
cent the pin 92 engages the support membear {31
and disengages the shoulder thereon from the
pin 82 whereupon the foggle 85-—87 collapses
downwardly under the bias of the spring (23.
The collapse of the toggle 85—3a7 is assisted by
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the weight of the moving armature of a closing
solencid, which will be discussed later. Col-
lapse of the closing toggle 85—81 causes resei-
ting of the tripping toggle to thrust transmit-
ting position and resetting of the main lateh 83
to latching position. As soon as the latech 29 is
reset the spring 124 reengsges the lateh roller {114
with the main latch 99 and also reengages the
latch member {5 with the latch element {13 to
hold the lateh roller LIt in latching position.
The mechanism is now in condition for g clos-
ing operation.

The contacts are closed either manually by
operation of the shaft {37 by the handle or by
a closing solenoid indicated generally at {59. In
order to close the contacts manually, the shaft
187 is rotated in the direction of the arrow, that
Is, clockwise as vieweg from the front of the
breaker. This operation of shaft 137 engages the
eccentric cam (49 with the cam 95 on the toggie
link 81, and straightens the toggle 8587, Since,
at this time, the knee of the toggle 83—85 is
restrained by the link 18§ and the main latch
99, the thrust of straightening the toggle 85— 87
is transmitted by the togele link 83 to rotate the
lever 18 in a clockwise direction. This movement
of the lever 13 is ransmitied by the tie rod 19
and the several connectors 81 to the switch arms
43 to simultaneously close the contacts for all of
the poles'of the breaker. As the knee pin 93 for
the toggle 85—87 arrives at the positicn shown in
Fig. 1, the support 131 is moved by its spring
133 into supporting engagement with the pin 93
to maintain the contacts closed. Upon release
of the handle the spring {45 restores the shaft 137
and the cam 149 to their normal position.

The circuit hreaker may be closed by energiza-
tion of the closing solenoid 158 which may he
effected either manually or automatically by clos-
ing a suitable switch (not shown). The solenoid
169 comprises a fixed laminated magnet yoke 164
supported on a bracket {63 secured to the under
side of the platform 69. The bracket {63 extends
downwardly and has feet, 165 struck outwardly
therefrom to which the magnet yoke {61 is rigidly
secured. Also secured to the bracket {83 by
means of rivets 187 is a fixed cove membar {88,
A movable armature {71 is attached teo the lower
end of an operating rod {13 which extends up-
wardly through clearance openings in the fixed
core 169, the platform 69 and the channel-shapsd
trip member {7 and has its upper end pivotally
supported on the knee pivot pin 92 of the closing
togele 85—871. An energizing coil {75 wound on
an insulating spoo!l is supported on the fixed mag-
net yoke (61,

In the closed position of the breaker (Fig. 1)
the armature {71 is held in its raised position.
When the breaker is tripped open, the closing
toggle 85871 collapses dewnwardly, as previcusly
described, under the influence of the spring 128
and the weight of the armature {11 permitting
the armature to assume its lower unattracted
position. Thereafter, upon energization of the
coil 175, the armature {1} is attracted upwardly
straightening the toggle 8581 and closing the
contacts, .

The breaker is automatically tripped open hy
operation of the trip device {3 for any pole of the
breaker. The trip device includes a tripping elec-
tromagnet indicated generally at (77 (Figs. 1 and
2) and a time delay device indicated gzneraliy
at 119. The tripping magnet {77 comprises o
C-shaped magnet yoke 18 (Figs. 1 angd 2 rigidly
secured to the base {5 of its corresponding poila
by means of bolts 183 and 188, & fixed core mem-
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her {87 (Fig. 2), an energizing winding i89 and
a movable armature 191. The bolt 183 which
secures the upper end of the magnet yoke 181
to the base also serves to secure the lower end
of the flexible conductor 51 to the upper turn of
the winding 189. The lower turn of the winding
has o conducting lug 193 electrically and me-
chanically secured thereto and this lug is secured
to a conducting terminal 195 and to the base 15
by means of a bolt 197, The energizing winding
189 is thus electrically connected in series rela-
tion in the circuit through the preaker which ex-
tends from the terminal 217, the main and arcing
contacts 23-—33 and 25—36, the contact member
31, flexible conductor 51, energizing coil 189 of the
trip magnet to the terminal 195. Upon energiza-
tion of the tripping magnet the movable arma-
ture 191 is attracted upwardly and actuates a trip
yod {99 which engages the headed screw 127 to
operate the trip bar (23 and trip the breaker. -

The movable armature 191 comprises an upper
cup-shaped member 201 and a lower tubular
member 208 rigidly secured together by suitable
means such as brazing. The member 204 has a
central opening therein and is adapted to.slide
over s sleeve 205 surrounding the trip rod. - The
sleeve 205 is limited in its upward movement rela-
tive to the trip rod 199 by means of 2 spring clip
207 seated in a groove in the trip rod. A spring

208 coiled about the trip rod 188 is compressed be- 3

tween the lower end of the sleeve 205 and the
bottom of a counterbore 211 in the lower element
203 of the movable armature. o

The trip rod 199 is moved upwardly to trip the
breaker under the control of the time relay device
{19 which comprises, generally, a flexible dia-
phragm 213 (Fig. 2) attached to the lower end
of the trip rod and several valve elements- for
admitting air to the space below the diaphragm

at various rates to provide for different amounts 4

of time delay. The flexible diaphragm 213 is
disposed in a chamber 215 formed in an upper
housing member 217 and a lower housing member
249, both of said housing members being of
molded insulating material. The outer edge of
the diaphragm 213 is clamped between the hous-
ing members 2171 and 219, together with a sealing
gasket 22( to form an airtight seal. The housing
members are secured together and rigidly se-
cured to the magnet yoke {81 by means of bolts

223 (Wigs. 2 and 3). The central portion of the &

diaphragm 213 is clamped between upper and
jower clamp members 225 and 221, respectively,
the upper clamp member 295 having an annular
projection 229 extending downwardly through an
opening in the lower clamp member 227 and
formed over against the lower face of the latter
to form an airtight seal.

Secured to the lower end of the trip rod 199
is a sleeve 231 having a flange 233 thereon brazed
to the bottom face of the upper clamping member
225. The lower portion 203 of the movable arma-
ture extends downwardly through an opening in
the upper wall of the chamber 215 above the
diaphragm and is seated on the upper face of the
clamping member 226, The spring 209 biases
the trip rod 199 upwardly and biases the mov-
able aymature {91 downwardly. This results in
biasing the lower end of the armature member
293 downward against the upper face of member
225.

Since the spaces above and below the dia-
phragm 213 are completely sealed off from each
other and the space above the diaphragm is at
atmospheric pressure, any force tending fo raise
the trip rod (99 will be restrained by the partial
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vacuum below the diaphragm. In order to con-
trol the rate of tripping movement of the trip
rod 199 several valve devices are provided to
admit air to the space below the diaphragm. The
valve devices comprise a long-time delay valve
indicated generally at 235 at the bottom of Fig.
2, a short time delay valve device indicated gen-
erally at 237 in Figs. 3 and 4 and an instan-
taneous valve device indicated generally at 288
in Figs. 3 and 5.

The long time delay valve device 235 will be
described first. The central bottom portion of
the housing member 219 is molded to form a
valve seat 241 in the shape of an inverted
truncated cone. Surrounding the valve seat 281
is a tubular metallic member 243 molded into
the housing member 2{9 and threaded internally
to receive a valve 245 having a conical opening
therein for cooperating with the valve seat 241.
The valve 245 is provided with a flange 247 for
supporting a knurled adjusting knob 249 of
molded insulating material which is biased there-
against by a spring 25t coiled about the tubular
member 243 and compressed between the bottom
of the housing member 2{$ and upper surface
of the adjusting knob 243. The outer portion
of the knob is formed to provide a flange 253
extending outwardly and upwardly and cooperat-
ing with a flange 25% molded integral with the
housing member to support and retain in place
o suitable filter material indicated by the refer-
ence numeral 257 through which air is admitted
to the chamber 215 below the diaphragm. I
will be noted that an air passage 289 in the form
of a groove is provided along the threaded sur-
face of the valve 245 and a passage 26! is pro-
vided axially through the valve seat 24§, The
flow of air into the chamber below the diaphragm
js through the filter 281, the passage 259, the
orifice defined by the valve 245 and the valve
seat and through the passage 26i.

The inner surface 263 of the knob 249 is pro-
vided with serrations which cooperate with
corresponding serrations on the valve 245,
whereby rotation of the knob 243 also rotates the
valve 245 which, due to its threaded engagement
with the fixed tubular member, moves the valve
axially off the valve seat 241 to thereby vary the
rate of admission of air below the diaphragm
and, hence, varies the amount of time delay.

The valve device just described is calibrated
by pushing upwardly on the knob 249 to dis-
engage it from the valve member 243. The knob
249 is then set to zero and the valve member 24%
rotated to the closed position. Therealter the
knob 249 is released and restored to engagement
with the valve by the spring 251. The knob 249,
together with the valve 248, is then rotated to
the position to provide the reguired time delay.
The knob 249 is limited in rotation to approxi-
mately 360° by means of a projection 265 molded
integral with the knob engaging a projection 267
molded integral with the housing member 218.

The periphery of the knob 283 is provided
with serrations as at 269 which are engaged by a
spring pressed pawl 27 to retain the knob in
its adjusted position.

The short-time delay valve device 237 (Fig. 4)
controls a passage for admitting air from the
chamber 215 above the diaphragm 213 to the
space below the diaphragm at a rate to provide

iripping with a very short time delay in the
‘order of alternating current cycles. The valve

device 237 comprises a tubular valve element 273
(Fig. 4) disposed in an opening 275 in the hous-
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ing member 217 and having an enlarged head
portion 2171 seated in an opening 219 in the
housing member 219. The valve element 213 is
provided with a valve seat and a valve 281 slid-
able in the tubular valve element 273 normally
cooperates with the valve seat to. elose a com-
munication with opposite sides of the diaphragm,
The valve element 273 is brovided with an axial
bassage 283 in which is disposed a tapered pro-
jection 285 of the valve 281 and which is nor-
mally closed by the valve 281. The head 237 of
the valve element 273 is provided with horizontal
bassages 287 disposed at right angles to each
other: A passage 289 in the housing member 217
communicates the chamber 218 above the dia-
phragm 213 to the opening 215 above the valve
seat and a passage 281 in the housing member
219, communicates the chamber 2i5 below the
diaphragm 2{3 with the bassages 287,

It will be seen that vpward or opening move-
ment of the valve 281 will open the passage 283
and establish a communication from the upper
side to the lower side of the diaphragm through
the passages 289, 283, 287 and 291. ]

The valve 281 is actuated to open position by
means of an armature 293 which is biased to un-
attracted position by a spring 294 and is attracted
upwardly by the tripping magnet {17 when this
magnet is energized by overloads in an inter-
mediate range of overloads of, for instance,
200% to 1000% of norial raied current. The
armature 293 is shown in Fig. 3 broken away,
but with the outline theresof shown by dot and
dash lines. A bortion of the armature 233 also
appears in Fig. 4 of the drawings. An opening
296 (Fig. 4) in the magnet yoke 18 provides
an air gap for the magnetic cireuit through the
armature 293. The armature 293 is provided
with outwardly extending Projections 235 (Fig.
3) which are seated in a recess 297 in the upper
portion of the housing member 211 to pivotally
support the armature. A bracket 289 (Fig. 43,
secured by means of rivets 341 ig the armatu_re
293, has a semi-circtilar opening 203 (Fig: 3)
therein which engages in a notch 305 in the upper
end of the valve 281 so that upon actuation of
the armature 293 the bracket 298 engages a sub-
stantially semi-circular head 307 on the valve
281 and moves the valve to open positiori. This
opens the previously deseribed communication
permitting air to pass from the chamber 215
above the diaphragm to the space below the
diaphragm to control the tripping movement of
the trip rod {99 (Pig. 2). The rate of flow of
air to the space below the diaphragm and con-
sequently the rate of tripping movement of the
trip rod are controlled by the amount of opening
of the valve 28I, ‘ N

The opening movement of the valve 281 is
adjustably controlled by means of an adjustable
$-shaped stop member 309 (Figs. 3 and 4). The
upper portion 311 of the S-shaped member com-
prises an adjustable stop and is disposed in the
path of tripping movement of the upturned end
of the armature 293 to be engaged thereby and
thus limit the upward movement of the arma-
ture 293 and limit the extent of opening of the
valve 28(. The center cross bar 313 of the s-
shaped member 309 has a threaded opening
therein which is engaged by a reduced thread-
ed portion 315 of an adjusting screw 311, so that
upon rotation of the screw 317 the S-shaped
member 309 will be moved up or dewn, depend-
ing upon the direction of rotation, to provide
for greater or lesser movement of the armature
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293 and, hence, greater or lesser opening move-
ment of the valve 281.

The lower end of the adjusting screw 317 has
& reduced fluted portion molded into an insulat-
ing knob 319. The knob 319 is rotatably mount-
ed in a cross bar 321 of molded insulating ma-
terial. The cross bar 321 is supported on the
underside of the housing member 217 by means
of serews 323 only one of which is chown. The
knob 319 is provided with a fianged portion 325
which is pressed againsi the bottom face of the
€ross bar 321 by means of g spring washer 327
seated in annular sroove in the adjusting screw,
The spring washer 327 is compressed between the
upper suriace of the eross bar 321 and a C-shaped
washer 329 also engaging in the groove in the
adjusting screw. A spring 331 disposed in a
recess in the cross bar 32§ engages a square
portion 333 of the knob 318 to retain the knob at
each quarter rotation thereof.

The adjusting screw 317 has an enlarged
threaded portion 335 which passes through a
clearance opening in the bottom portion of the
$-shaped member and threadedly engages an
indicating membper 331. The lower vertical por-
tion of the $-shaped member 358 has cut-away
portions on opposite edges thereof which are
engaged by projections on the member 337 so
that the latter will travel up and down without
rotating. At the outer edge the member 337
is provided with g pointer 338 extending through
& vertical slot 348 (Fig, 6) in an index plate 34i
supported at its lower end on the cross bar 321
and having its upper end secured to a cross mem-
ber 343 molded integral with side members 34§,
which in turn, are molded integral with the
housing member 217,

The thread on the portion 333 of the adjusting
screw has approximately twice the lead as the
thread on the Dortion 315, hence, for one rotation
of the adjusting sciew the member 337 and the
pointer 339 will move twice the distance as the
S-shaped meinber 309, This makes possible an
expanded didl on the index plate 34{ and pro-
vides for more accirate setting of the short 4ime
delay device.

_The valve 28 is removably supported in the
opening 275 and may readily be removed for in-
Spection by removing a plug 347 which normally
closes the opening 2719 in which the head 277 of
the valve member 213 is disposed. With the plug
341 removed; thé valve member 277 is rotated
in a direction to bring a key 348 into alisnment
with a vertical slot (not shown). By mneans of
& pin 351 in the valve 28¢ cooperating with a
cut-away portion 353 in the valve member 213
the valve 281 is caused to rotate with the mem-
ber 213 to align the semi-circular head 543 (Pig.
3) thereof with the opening 363 (Fig. 3) in the
bracket 299. The valve 281 and the valve mem-
ber 213 may then be bodily removed from the
housing. The valve is inserted in the housing
by the reverse of the above procedure. The key
349 is aligned with the vertical key way (not
shown) which also aligns the semi-cireuiar
head 307 with the opening 383 (Fiz. 5). The
valve asserhblage is then thrust upwardly as far
as it will go and givén 5 185° rotation to engage
the groove 305 with the bracket 23% on the arma-
ture 293. The plug 347 is then inserted and
tightened against the head 277 to retain the valve
structure se¢urely in place,

The instantaneous valve device 238 shown in
Fig. 5 is essentially the same as the short time
delay valve device of Fig. 4, except that the
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tapered end 285 is omitted. The instantaneous
valve device 238 comprises & valve 855 slidable
axially in a valve member 357 removably sup-
ported in an opening 359 in the housing
member 217. The valve member 357 is provided
with a head 36! disposed in an opening 363 in
the housing member 218 and rigidly held in place
by a plug 366 which threadedly engages in the
opening 363.

The upper end of the valve 255 is provided
with & groove 3671 forming a semi-circular head
36¢ (Figs. 3 and 5) adapted to cooperate with a
pbracket 37! secured by means of rivets 373 to an
armature 815. The bracket 311 is provided with

a semi-circular spring 377 for receiving the head

368 of the valve 355. The method of removing
and replacing the valve assembly of the in-
stantaneous valve device is the same as that de-
scribed for the short time delay valve device.

The armature 375 is similar to the armature
283 and is provided with pivot projections 378
for pivotally supporting the armature 3715 in
the recess 297 in the upper face of the housing
member 2{7. The free end of the armature 378
is biased by means of a spring 381 to its unat-
tracted position.. The magnet yoke i8{ is pro-
vided with an opening 382 (Fig. 5) which serves
as an air gap for the magnetic circuit through
the armature 376. .

The valve member 357 is provided with an
axially extending passage 383 which is normally
closed by the valve 358. When the valve 353 is
moved to its open position it establishes & com-
munication from the chamber 215 above the
diaphragm 218 to the space below the diaphragm
through a passage 383, the passage 383, a hori-
zontal passage 381 in the head 361 and a passage
389.

The pickup point, that is, the magnitude of
overload current required to actuate the arma-
tures 283 and 375 may he varied by varying the
tension of their respective springs 294 and 381.
The upper end of the springs 294 and 381 are at-
tached to their respective armatures and their
lower ends are attached to movable members 381
and 398, respectively. The members 391 and 3983
threadedly engage adjusting screws 365 and 881
respectively. The lower ends of the screws 359
and 387 are molded into insulating knohs 398 and

400 (Figs. 6 and 7) rotatably mounted in the cross

member 321.

Upon rotation of the sCrews 385—3971 their
associated members 38{—383 are moved up or
down, depending on the direction of rotation te

vary the tension of their respective springs, thus |

varying the pickup points of the armatures 283
and 315. 'The movable members 361 and 3883
are provided with pointers 481 and 403, respec-
tively which extend through vertical slots 402
and 404 (Fig. 6) in the scale plate 341 to prevent
rotation of the movahle member and to indicate
the settings of the devices.

The pickup point for the movable armature
{91 (Fig. 2) of the tripping electromagnet 177
may be similarly adjusted. The armature 194
is biased against attraction by means of springs
405 (Figs. 2 and 3) which have their upper
ends attached to a U-shaped yoke 481 which
has its two legs pivotally supported in spaced,
grooved studs 489 supported in the housing mem-
ber 211 substantially as shown in Figs. 2 and 3,
The right hand end of the yoke 487 is provided
with inwardly extending projections 411 which
engage in an annular groove 4i3 (Fig. 2) in the
lower member 203 of the armature 191, The
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jower ends of the springs 405 are attached to &
movable member 415 which threadedly engages
an adjusting screw 4i7. The lower end of the
adjusting screw 417 is’ molded into an insulating
knch 419 rotatakly mounted in the cross mem-
ber 821. The movable member &i5 is provided
with a pointer 421 extending through a slot 423
(Fig. 2) in the scale plate 341 to prevent the
movable members from turning and to indicate
the setting. It will be understood that the scale
plate 241 bhears indicia -adjacent the several
pointers indicating the settings of the several
adjusting devices.

The trip device operates with time delays of
different durations in two distinet ranges of over-
currents below a predetermined magnitude, and
instantaneously in response to overcurrents above
the predetermined magnitude, or in response to
short circuit currents. The ranges of overcur-
rents may be arbitrarily defined as, for example,
4 low range up to 500% or 600% of normal rated
current, an intermediate range between 500% or
6009% and 1000% of normal rated current, and
instantaneous 1000% or more of normal rated

5 current.

Assuming an overcurrent within the low range
of overcurrents the trip device, referring par-
ticularly to Fig. 7, will operate as follows: Upon
the cccurrence of an overcurrent in the low range
the tripping eleciromagnet becomes energized
and attracts the armature 8¢ upwardly. The
armature acts through the spring 209 and the
sleeve 285 to produce an upward thrust on the
trip rod 199, the movement of the trip rod being
retarded by the partial vacuum below the dia-
phragm 213. The trip rod {89 moves slowly in
tripping direction as air is drawn into the space
below the diaphragm through the long time de-
lay valve 235 until the upper end of the trip
rod engages the headed screw {27 (Fig. 1) and
actuates the latch mechanism to effect tripping
the breaker in the manner previously described.
The time delay provided by the long time delay
device 235 is in the order of seconds and may
be varied by adjusting the valve 241{—245 as seb
forth previously.

As soon as the breaker contacts are opened
the tripping magnet {71 is deenergized and the
armature 181 and the trip rod 199 are restored
by means of the springs 405 and the force of
eravity to their Fig. 2 positions. A spring biased
bypass valve 425 (Fig. 2) controls a passage
through the diaphragm 213 fo provide for quick
restoration of the armature 181, the trip rod 199
and diaphragm 23 to their normal positions
following a tripping operation.

When an overcurrent occurs in the interme-
diate range of overcurrents, the electromagnet
177 is energized sufficiently to attract the short
time delay armature 283 (Figs. 4 and 7) upward-
1y against the adjustable stop 311 opening the
short time delay valve 281 an amount determined
by the adjustment of the stop 3l {. This admits
air to the space below the diaphragm 243 at a
higher rate than the long time delay valve alone
and provides a relatively short time delay in
the order of cycles in the tripping operation.

Energization of the tripping magnet |77 in
response to an overcurrent in the intermediate
range is not sufficient to attract the armature
375 for the instantaneous valve 238 (Fig. 5).
However, upon the occurrence of an overcur-
rent of 10009 or more of rated current hoth the
short time delay armature 293 and the instan-
taneous armature 375 are actuated and open both
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the short time delay valve 281 (Figs. 4 and 7)
and the instantaneous valve 355 (Pigs. 5.and 7),
thereby admitting air to the space below the dia-
phragm 213 af a rate sufficient to permit substan-
tially instantaneous tripping movement of the
trip rod (88,

On short time delay and instantaneous tripping
oberations the spring 208 limits the force ap-
blied by the moving armature 191 to the time
delay device. On such operations the armature
181 is attracted immediately against the fixed
core member (87 compressing the spring 298
which then supplies the force necessary to actu-
ate the trip rod. Thus the pull exerted on the

time delay device ig limited to the maximum -

Torce exerted by the spring 209 when it is com-
bressed. This prevents damage to the time delay
device and also provides a uniform pull on the
time delay device. .

The herein disclosed circuit breaker is well
adapted for the protection of distribution sys-
tems. Such distribution systems are usually pro-
tected by a series of breakers including generator
breakers, bus tie-in breakers, feeder breakers and
load breakers. The circuit breakers of such a
system are usually set for selective tripping, that
is, if a fault should occur at any point in the sys-
tem, the breaker nearest the-fault and on the
generator side of the fault should open to clear
the fault condition.

The time-current requirement of the trinping
‘device varies with the position of the breaker in
the selective system for which reason a trip de-
vice providing a wide Trange of adjustment is es-
sential,

As shown in Figure 8, the trip device is capable
of a wide range of adjustments. There are five
separate adjusting devices all located for ease of
accessibility. By way of example of the ranges

of adjustment, the following have been arbitrarily -

selected for illustrative purpose:

1. Range of long time delay pickup, from 80
to 160% of coil rating. )

2. Range of long time delay,
seconds.

3. Range of short time delay pickup, from 500
to 10009% of coil rating.

4. Range of short time delay, from 4 to 30
cycles.,

5. Range of instantaneous pickup from 1000 to
1500 per cent of coil rating.

Figure 8 graphically illustrates the ranges of
the several adjustments of the trip device. Along
the left hand edge of Fig. 8 is indicated the time
in seconds. At the bottom is indicated the per-
cent of coil rating and along the right hand edge
is shown the time in cycles based on 60 cycle fre-
quency. The curve A represents the. minimum
settings of the adjustments and the maximum
settings are represented by the -curve B. By ad-~
justing the knob 419 (Figs. 2, 6 .and 75 the long
time delay pickup may be adjusted to piek up at
any point in the bhand ot adjustments defined by
curves A and B ag indicated at C, that is, by way
of example, between 80% and 160% of :coil rating.
Adjusting the knob 249 (Figs. 2, 6 and 7) which
controls the long time delay valve 235 varies the
amount of long time delay between 23 and 86
seconds as indicated at D in Fig.'8. As indicated

from 23 to 86

at & (Fig. 8) the short time delay ‘pickup may be T

set to pick up hetween 5009,
rating. This is effected by
359 (Figs. 6 and 7).
-delay may be varied

and 10009 of cojl
‘adjusting the knob

The amount of short time
‘between 4 and 30 eycles, as

indicated at.F, by ‘adjusting the kuob. 319 “Pigs, -
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4, 6 and 7). Finally the instantaneous pickup
point may be varied between 1000 % and 15009 of

coil rating, as indicated at G, by adjusting the
knob 400 (Figs. 5, 6 and 7) ‘which controls the
tension of the biasing spring 381 (Figs. 5 and 7)
for the instantaneous valve operating armature
315.

Each of these adjustments may be made by
merely turning the adjusting knob associated
with the particular adjusting devices previously
described. The adjustments are independent of
one another and, as shown in Fig. 6, all of the
adjusting knobs are conveniently located.

The complete adjustability of the trip device
eliminates the necessity of increasing band width
of adjustments to compensate for manufacturing
variations and different coil ratings. The varia-
tion of tripping time dus to temperature change
is negligible. 'This is made possible by using air
as the delaying medium. The tripping time de-
pends on the velocity with which the air flows
through the valve orifices and is not affected by
changes in air density.

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 clements disclosed without departing from
some of the essential features of the invention.

We claim as our invention:

1. In g circuit breaker,.an electromagnetic trip
device comprising an energizing winding, an
armature operable upon energization of said
winding in response to overload currents, a time
delay element having a.chamber, g movable mem-
Ber connected to said time delay element and
movable by said armature, means admitting fluid
to said chamber at g predetermined rate to. retard
movement of said movable member with a pre-
determined time delay, valve means operable to
increase the rate of admission. of fluid to said
chamber to thereby decrease the amount of time
delay, and separate magnetic means responsive to
bredetermined overload currents in said winding
for operating said valve means.

2. In a circuit breaker, an electromagnetic trip
device comprising an energizing winding, an
armature operable upon energization of said
winding in response to overload currents, a time
delay element having g, chamber, a movahle mem-
ber attached to said time delay element and mov-
able by said armature, adjustable valve means
for admitting Suid to said chamber at a prede-
termined rate to retaréd movement of said mov-
able ‘member with g relative long time delay,
a second valve means oberable to increase the
rate of admission of fiuid to said chamber to re-
tard movement of said movable member with a
relative short time delay, and separate electro-
magnetic means responsive to overload currents
of predetermined valye in said winding for op-
erating said second valve means.

3. In a eircuit breaker, an electromagnetic trip
device operable tc effect automatic operation of
said breaker, said trip device comprising a mov-
able member, an energizing winding, an armature
operable upon energization of said winding to
actuate sald movable member, a time delay ele-
ment for retarding tripping movement of said
movable member having a chamber, a first valve
means for admitting Auid to said chamber at 3
predetermined rate to retard tripping movement
of said movable member with a relatively long
time delay, adjusting means for adjusting said

‘means-to vary the rate -of admission
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of fiuid to said chamber to thereby vary the
amount of time delay provided by said first valve
means, & second valve means operable automati-
cally by said electromagnetic trip device in re-
sponse to predetermined abnormal circuit condi-
tions to increase the rate of admission of fluid
to said chamber to retard tripping movement of
said movable member with a relatively short time
delay, and separate magnetic means for operat-
ing said second valve means.

4. In a circuit breaker, an electromagnetic trip
device operable to effect automatic operation of
said breaker, said trip device comprising & mov-
ahle member, an energizing winding, an arma-
ture operable upon energization of said winding
to actuate sald movaple member, a time delay
element attached to said movable member for
retarding tripping movement of said movable
member having a chamber, 2 first valve means
for admitting fluid to said chamber at a prede-
termined rate to retard {ripping movement of
‘szid movable member with a relatively long time
delay, & second valve means operable automati-
cally by said electromagnetic trip device in
response ¢ predetermined abnormal circuit con-
ditions to increase the rate of admission of fluid
to said chamber to retard {ripping movement of
said movable member with a relatively short time
delay, and & separate armature for actuating
said second valve means.

5. In a circuit breaker, an electromagnetic trip
device operable to effect autoratic opening of
said breaker, said trip device comprising a mov-
able member, an energizing winding, an arma-
fure operable upon energization of said winding
{o actuate said movable member, a time delay
element comprising a flexible diaphragm for re-
tarding tripping movement of said movable mem-
ber, a normally open chamber, a first valve means
for admitting fluid to said chamber at a prede-
termined rate to retard movement of said mov-
able member with a predetermined time delay, a
second valve means, and a second armature elec-
tromagnetically operated in response to prede-
termined abnormal circuit conditions for actu-
ating said second valve means to increase the
rate of admission of fiuid to said chamber.

6. In a circuit breaker, a movable memper op-
erable to effect automatic operation of sald
preaker, a trip device comprising electromag-
netic means including an armature operable
when energized in response to overload currents
to sctuate sald movable member, time delay
means comprising a normally open fiuid dash-
pot for retarding tripping movement of said
movable member, means defining a normally
open restricted passage admitting fluid to said
dashpot to retard tripping movement of said
movable member with a relatively long time de-
Jay when said electromagnetic means s ener-
gized in response to an overload current below a
predetermined value, means defining a relative-
1y large passage for admitting fluid to said dash-
0%, & valve operating armature, and a valve op-
erable by said valve operating armature when
said electromagnetic means is energized in re-
sponse to an overload current above said prede-
termined value, said valve opening said relative-
1y large passage to permit said electromagnetic
smeans to actuate said trip member substantially
instantaneously.

7. In a circuit breaker, a movable memper OB~
erable to effect automatic operation of said
breaker, a trip device comprising electromag-
netic means including an armature operable

. said movable member
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when energized in response to overload currents
to actuate said movable member, time delay
means comprising a fluid dashpot connected to
for retarding tripping
rmovement of said movable member, means de-
fining a restricted passage admitting- fluid to
said dashpot to retard tripping movement of said
movable member when said electromagnetic
means is energized in response to an overload
current below a predetermined value, means de-
fining a relatively large passage for admitting
fluid to said dashpot, a valve operating armature,
and a valve operable by said valve operating
armature when said electromagnetic means is
energized in response to an overload current
above said predstermined value, said valve open-
ing said relatively large passage to permit said
electromagnetic means to actuate said movable
member substantially instantaneously.

8. In a circuit breaker, a member movable to
offect automatic operation of said breaker, elec-
tromagnetic means for actuating said movable
member, time delay means comprising a fluid
dashpot for retarding raovement of said movable
member, a normally open valve for admitting
fluid to said dashpot at a predetermined rate for
effecting a long time delay of the order of sec-
onds in the operation of said movable member, a
second valve for admitting fluid to said dash-
pot at a greater rate than said first valve for ef-
fecting a short time delay of the order of cycles
in the operation of said movable member, a third
valve for admitting fluid to said dashpot at a
rate to permit substantially instantaneous opera-
tion of said movable member, and separate arma-
tures for actuating said second and third valves.

9. Tn a circuit breaker, trip means operable to
effect automatic operation of said breaker, elec-
troresponsive means for operating said trip
means, time delay means comprising a fluid
dashpot connected to said trip means for retard-
ing tripping operation of said trip means, a first
valve means for admitting fluid to said dashpot
at & predetermined rate for efiecting a long time
delay of the order of seconds in the operation of
said trip means, a second valve means for ad-
mitting fiuid to said dashpot at a greater rate
than said first valve for effecting a short time de-
lay of the order of cycles in the operation of said
trip means, a first armature operable when said
electroresponsive means is energized in response
to overload currents below a predetermined value
for actuating said second valve, a third valve for
admitting fiuid to said dashpot at a rate to per-
mit instantaneous operation of said trip means,
and a second armature operable when said elec-
{roresponsive means is energized in response to
overload currents above said predetermined value
for actuating said third valve.

10. In a circuit breaker, a movable member op-
erable to effect automatic operation of said
preaker, electromagnetic trip means, means for
operating said movable member, time delay
means comprising a fluid dashpot connected to
said movable member for at times retarding
tripping operations of said movable member, &
first valve means for admitting fiuid to said dash-
pot at a predetermined rate for effecting a time
delay in the operation of said movable member, &
first armature operable when said electromagnet
is energized in response to overload currents be-
low & predetermined value for opening said first
valve means, a second valve means for admitting
fluid to said dashpot at a rate to permit instanta-
neous operation of said movable member. and &
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socond armature operable when said electromag-
net is energized in response to overload currents
above said predetermined value for opening said
second valve means,

11. In a circuit breaker, a movable member
operable to effect automatic operation of said
breaker, electromagnetic trip means, means for
operating said movable member, time delay
means comprising a Auid dashpot, for at times re-
tarding tripping operations of said movable
member, a first valve means for admitting fAuid
to said dashpot at a predetermined rate for effect-
ing a time delay in the operation of said movahle
member, a first armature operable when said
electromagnet is energized in responss to over-
load. currents below a predetermined value for
opening said first valve means, adjusting means
for selectively determining the extent of open-
ing of said first valve, a second valve means for
admitting fluid to said dashpot at a rate to per-
mit instantaneous operation of said movable
member and a second armature operable when
said electromagnet is energized in response to
overload currents above said predetermined value
for opening said second valve means.
© 12, In a circuit breaker, a, movable member
operable to effect automatic operation of said
breaker, electromagnetic trip means, means for
operating said movable member, time delay means
comprising a fluid dashuoot connected to said
movable member for gt times retarding tripping
operation of said movable member, a first valve
means for admitting fluid to said dashpot at a
predetermined rate for effecting a time delay in
the operation of said movable member, g first
armature operable when said electromagnet is
energized in response to overload currents below
a predetermined value for opening said first
valve means, g second valve means for admitting
fluid to said dashpot at g rate to permit instan-
taneous operation of said movable member, and
a second armature operable when said electro-
magnet is energized in response to overload cur-
rents above said predetermined value for open-
ing said second valve means, and separate ad-
justing means for saig first and second armatures
for selectively determining the minimum over-
load current required to actuate said armatures.

13. In a circuit.breaker, a trip rod operable to
effect automatic operation of said breaker, an
energizing winding, o main armature operable
upon energization of said winding in response to
overload currenis to actuate said trip rod, time
delay means comprising g fluid dashpot oper-
eted by said trip red for retarding operation of
paid trip rod, a first valve means for admitting
fluid to said dashpot at g bredetermined rate for
effecting a time delay in the operation of said
trip rod when said winding is energized in re-
sponse to overload currents below g predeter-
mined value, a second valve means for admitting
fluid to said dashpot at g rate to permit in-
stantaneous operation of said trip rod, a second
armature operable when said winding is ener-
gized in response to overload currents above said
predetermined value to open said second valve,
and resilient means disposed between said main
armature and said trip rod to limit the force ap-
plied by said armature to said trip rod.

14. In a circuit breaker, a trip rod operable
to effect automatic operation of said breaker, an
energizing winding, a main armature operable
opon energization of said winding in response to
overload currents to actuate said trip rod, means
adjustable to selectively determine the mini-
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mum overload current required to actuate said
main armature, time delay means comprising a
fluid dashpot connected to said trip rod for re-
tarding operation of said trip rod, a first valve
means for admitting fluid to said dashpot at a
Dredetermined rate for effecting g time delay in
the operation of said trip rod when said winding
is energized in response to overload currents be-
low a predetermined value, a second valve means
for admitting fluid to said dashpot at a rate to
permit instantaneous operation of said trip rod,
a second armature operable when said winding
Is energized in response to overload currents
above said predetermined value to open said sec-

% ond valve, and means adjustable to selectively

determine the minimum overload current re-
quired to actuate said second armature.

15. In a circuit breaker electroresponsive frip
means for effecting automatic operation of said
breaker comprising a trip rod, an armature oper-
able to actuate said trip rod, spring means dis-
posed between said armature and said trio rod
to limit the force applied by said armature to
said trip rod, time delay means for retarding

? tripping operation of said trip rod comprising a

fluid dashpot, normally closed valve means for
admitting fluid to said dashpot at a predetermined
rate, a valve operating armature operable ugon
energization of saig electroresponsive means in
response to an overload current of predeter-
mined value to open said valve, an adjustable
stop for limiting the opening movement of said
valve operating armature, and adjusting means
for varying the setting of said adjustable stop
to vary the extent of opening of said valve and
the amount of time delay provided thereby.

16. In a cirecuit breaker, electroresponsive trip
means for effecting automatic operation of said
breaker comprising a trip rod, an armature op-
erable to actuate said trip rod, spring means dis-
posed between said armature and said trip rod
to limit the forece applied by said armature to
said trip rod, time delay means for retarding
tripping operation of said trip rod comprising
a fluid dashpot, normally closed valve means for
admitting fuid to said dashpot at a predeter-
mined rate, & valve operating armature oper-
able upon energization of said electroresponsive
means in response to an overload current of pre-
determined value to open said valve, biasing
means for biasing said valve operating armature
against operation, and adjusting means for vary-
Ing the amount of bias of said biasing means to
vary the minimum overload current required to
operate said valve operating armature.

17. In a circuit breaker, an electromagnetie $rip
device for effecting automatic operation of said
breaker including a trip rod, a main armature
movable to actuate said trip rod, said armature
at times being movable relative to said trip rod,
resilient means disposed between said armature
and said trip rod, time delay means for retard-
ing tripping movement of said trip rod compris-
ing a fluid dashpot connected to said trip rod,
a plurality of valve means for admitting fluid
to s2id dashpot at different rates, a separate
valve operating armature for each of said valve
means, and separate adjusting means for said
main armature and each of said valve operating
armatures for selectively determining the mini-
mum current required to operate each of said
armatures.

18. In 2 cireuit breaker, electromagnetic trip
Ineans for effecting automatic operation of said
breaker including a trip rod, a main armature
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movable to actuate said trip rod, time delay means
for retarding tripping movement of said trip rod
comprising a fiuid dashpot connected to said
trip rod, a plurality of valve means for admitting
fiuid to said dashpot at different rates in response
to overload currents of different magnitude, sep-
arate means for adjusting each of said valve
means for varying the rate of admission of fluid
to said valve means to thereby vary the amount
of time delay provided by each of said valve
means, and a separate armature for operating
each of said valve means.

19. In a circuit breaker, electromagnetic trip
means for effecting automatic operation of said
breaker comprising a trip rod, a main armature
movable to actuate said trip rod, time delay
means for retarding fripping movement of said
trip rod comprising a fluid dashpot; a plurality
of valve means for admitting fluid to said dash-
pot at different rates, a separate valve operating
armature for operating each of said valve means
in response to overload currents of different mag-
nitude, separate biasing means for said main ar-
mature and each of said valve operating arma-
tures, and & separate adjusting device for adjust-
ing each of said biasing means to vary the mini-
mum overload current required to operate said
main armature and each of said valve operat-
jing armatures.

20. In a circuit breaker, having a movable
member operable to effect automatic operation of
said breaker, electromagnetic means for operating
said movable member, a single time delay clement
for retarding operation of said movable member,
a first control element for controlling said time
delay element to effect a relatively long time de-
lay in the operation of said movable member, ad-
justing means for adjusting said first control ele-
ment to vary the amount of time delay provided
by said first control element, biasing means for
said electromagnetic means, adjusting means for
adjusting said biasing means to vary the mini-
mum overload current requred to operate said
movable member, a second control element for
controlling said time delay element to effect a
elatively short time delay in the operation of said
movable member, adjusting means for adjusting
said second control element to vary the amount
of time delay provided by said second control ele-
ment, biesing means piasing said second control
element against operation, adjusting means for
adjusting said biasing means to vary the minimum
overload current required to operate said second
control element, g third control element for con-
trolling said time delay element to effect instan-
tanecus operation of said movable member, means
biasing said third control element against opera-
tion, and adjusting means for adjusting said bias-
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ing means to vary the minimum current required
to operate said third control element. ]

91. In a circuit breaker, a movable member 0p-
erable to effect automatic operation of said break-
er, electroresponsive means for operating said
movable member, a single time delay member for
retarding tripping operation of said movable
member, a first control element for controlling
said time delay member to effect a relatively long
time delay in the operation of said movable mem-
ber, a second control element for controlling said
time delay member to effect a relatively short time
delay in the operation of said movable member,
separate adjusting means for independently ad-
justing said first and second control elements to
vary the amount of time delay provided by each of
said control elements, a third control element for
conirolling said time delay member to effect in-
stantaneous operation of said movable member
and separate electroresponsive means for actuat-
ing said second and third control elements.

99, In g circuit breaker, a movable member op-
erable to effect automatic operation of said break-
er, electroresponsive means for operating said
movable member, biasing means biasing said elec-
troresponsive means against operation, adjusting
means for adjusting said biasing means to vary
the minimum overload current required to operate
gaid movable member, time delay means for re~
tarding operation of said movable member, a con-
trol element for controlling said time delay means
to effect a predetermined time delay in the opera-
tion of said movable member, electromagnetic
rneans for operating said control element, adjust-
ing means for adjusting said -electromagnetic
means to vary the minimum overload current re-
quired to operate said electromagnetic means, &
second control element for controlling said time
delay means to effect instantaneous operation of
said movable member, a second electromagnetic
means for operating said second control element,
and adjusting means for adjusting said second
eleciromagnetic means to vary the minimum over-
load current required to operate said second elec-
tromagnetic means.
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