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1

This invention relates to circuit breakers and
more particularly to circuit breskers of the type
used for conirolling light to moderate power dis-
tribution circuits.

An cbject of the invention is to provide a
civeult breaker embodying a novel trip device
that is operable to trip the breaker after a
relatively long time delay in response o over-
load currents of relative low value, after g rela-

(tively short time delay in response o over~ |

load currents of intermediate value below a pre-
determined value, an instantaneously in response
to overload currents above said predetermined
value or shori circuits.

Ancther object of the invention is to provide
2 cireuit breaker embodying an eiectromagnetic

rip device having a novel time-delay device
and means for limiting the force applied by the
electromagnet to the time-delay device.

Another object of the invention is to provide
o oircuit breaker having a trip device embody-
ing a novel time-delay device of the liquid dash-
Pot type in which time delays of different durg -
tion in different ranges of overload currents are
rrovided by admitéing liquid to the dashpob at
different rates.

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

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

Another chject of the invention is to provide
a circuit breaker having a trip device embody-
ing a novel time-delay device comprising g

dashpot in which time delays of different dura- 43

tions in different ranges of overload currents are
provided by admitting liquid to the dashpot at
different rates and in which instantaneous trip-
ping is effected by admitting a gaseous fuid to
said dashpot.

Ancther object of the invention is %o provide
a circuit breaker embodying a novel time-delay
device. wherein time-delay tripping is effected
by admibting liquid to 5 dashpot and substan-

tially instantaneous tripping is effected by ad- =

mitting air to the dashpot.

Anocther object of the invention is to provide
@ circull breaker embodying a novel trip device
and a time-delay device of the liquid dashpot

type having separate valve means for control- &9
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ling the admission of liquid from a liquid storage
chamber to said dashpot to provide time-delay
actions of different durations and having ad-
Justing means for adjusting the amount of open-
ing of the valve means to vary the amount of
time delay provided by each valve.

Afurther object of the invention is to provide
8 cireuit bresker embodying a novel trip device
and a time-delay device of the liquid dashpot
type having a liquid storage chamber and a
plurality of valves for controlling the admission
of liquid from said chamber to said dashpot,
certain of said valves being operated electro-
magnetically, adjusting means for adjusting the
amount of opening of certain of said valves and
other adjusting means for selecting the mini-
mum overload current required to operate cer-
tain of said valves.

Another object of the invention is to provide
a cireuit breaker embodying a novel trip device
having a time-delay device providing time-delay
tripping of different duration for different ranges
of overload currents as well as Instantaneous
tripping, separate adjusting means for varying
the amount of time delay in each range and sep-
arate adjusting means for selectively determin-
ing the minimum overload current requirement
for each range of time-delay tripping and in-
stantaneous tripping, all of the adjusting means
being disposed for easy access.

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

In said drawings:

Figure 1 is an elevational view partly in sec-
tion of a circuit breaker embodying the principles
of the invention;

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

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

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

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

Fig, 6 is g fragmentary sectional view taken
substantially on line VI—VT of Fig. 3 and showing
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the instantaneous valve device and the admstmg
means therefor,t :

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

Tig. 8 is a fragmentary sectional view Showing
the resetting check valve, between the l1qu1d
storage chamber and the dash i

Tig. 9 is an elevational view Of. the t i

device showing the scale plate and the sevelal

adjusting knobs;

Tig. 10 is a schematic view of the {rip. dev1ce
illustrating the several adjusting means for the
time-delay device; and =

Fig. 11 is a schematic diagram showmg the
range of adjustments of the trip device.

_Referring to Fig. 1 of the drawings, the. circuit
breaker includes a plurahty of pole units .each
comprising a contact structure 1nd1cated gener-

ally at {1 and an over-current tr1p device, indi- 2

cated generally at. 13. The contact structure and
the trip device for ea’ h pole unit are mounted
on a separate 1nsulat1ng base 15 wh1ch is 11gldly
secured to & metal. supportmg panel 1. Since

the pole units are alike, only the center pole whit 2:

is illustrated. and descrlbed herem

The contact structure i1 comprlses stat1ona1y
main and arcing contacts 19 and 21 both secured
on the inner end of a termmal concuctmg bar

23 and cooperatmg movable main and arcing eon- ¢

tacts 25 and 21. The movable contacts are
r1g1d1y secured to a contact carrymg member 23
pivotally mounted by means of a p1vot pin st
on a U-shaped switch arm 33 which, in turn is

pivotally supported by. p1vot means e5 on brackets 3

37 rigidly mounted on the 1nsulat1ng hase i5.

The movable contact carrymg member 29 is
electrlcally connected by means of a ﬂexrble con-
ductor 39 to the energizing c011 of the trip dev1ce

13. Aspr ing lll compressed between the movable

contact -carrying member 29 below its p1vot 3I
and the 1nsulat1ng base i5 prov1des contact pres-
sure in the closed p051t1on of the breake1 and
also biases the movable contact strucnure in open-
ing direction.

The movable contact structure 1s normally

an operating mechanism’ indicated ‘generall;v ab
43 mounted ina U-shaped,frame g5. 'I‘he frame

bracket comprising a pair of s aced 8 e'members

£9 I‘lgldly connected at their outer en»s by the
cross member or platform 47. The platform 41

extends substantially across the - wldth of the ;

et

breaker, and the side members l.’.9 -are sunably ’

secured to the metal panel 17 on the outs1de of
the two outér pole units ‘of the breaker
The operatmg mechanism ineludés 4 16Vc‘t 514

raounted on o pivot pin-53 Supported ih the s1de :

members.'of the frame 45. ‘The-lever 51 arties
-a rod. 55 extending across.all of the poles:of the
breaker and is connected by means of insulating
connecting-members: §1:to the pivet. pins 31 in

the free ends: of the sw1tch arms §3 for tbe sev-
of the rod 55 the. movable contacts of all of the
‘boles move in unison... . .
__An operating linkage co isi g_toggle hnks
58, 61 and 62 is provided to releasably hold the -
lever Bf and consequently the moyable ¢t ‘tacts
in the closed posmon and 0 [
contacts to oben and closed pos .. 'The toggle
lmk 59 is p1vota11y connected to_the lever. 5l by
means Of a pivot p1n 85, and ‘the toggle hnk 83

=
&

. 0f a handle shaft. 103 jo

4

is. pivoted on.a fixed pivet 61 supported in the
frame 45. The toggle llnk 6l Is, p1vota11y con-
fiésted to the Tinks 59 and 63, respectively, by
knee pivot pins 69 and TI.

* The linkage 59, 61, 63 comprises two toggles,
otie of which 59—61 may be designated as the
tripping togsle.and the other 61—63 as the closing
tog"le The. trlppmg toggle 5961 is normally
s "ghtly underset above g line drawn through t‘le

eenters of the pivot pins 65—11 and the ciosing
toggle 61-—53.is. normally underset below a line
drawn through the centers of pivot pins GT—&8.
The ¢l68ing togele 61—63 is normally prevented
from collapsing downward by & support member
13 pivoted on a pivot:pin 75 supported in the
frame 45 and havmg shouldered portlon engaging

of the force of the springs.41 whlch b1as the mov-
able contact structures. for the three ‘poles.of the

breaker in opemng d1rect1on and b1as the con—

collapsmg by means of a ain. lateh member 'l'l
p1voted on the pin 53 and connécted by means of
a iink 78 to the knee 59 of the tribping togsle.

The main lateh m_ er 11 is held in latch-
ing position by an interm 1atch lever 8l piv-
oted on the pin 15. The mtermedlate latch lever
3I carries at its upper end 2 latch roller 83 en-
gaging the main latch TI and ab.its lower end
has a latchlng portmn 85 normally engaging a
Jatch member 81 on'a ¢ iannel-shaped latch 83
pivoted on a p1vot pm,al in the frame 45. A
spring 63 serves to bias the latch lever 81 and
the Jateh 88 to their latehmg pos1t10ns

A trip bar 95 ing across all of the poles
of the breaker 1s Tigic y mounted on the right-
hand end of the channel-shaped latch 89 and
has insulating brackéts 87 (only one be1ng shown)
secured thereto, there being a bracket 97 for each
pole of the breaker Each of the brackets 97
hasa headed serew k] ably mounted there-
on Tor cooperatmg w1th the trip device i3 of its
assoclated pole in a manner to be présently de-
scribed.

The breaker is trlpped
of a cam member e

) n manually by means
o’ ted on the inner end
aled in. a bearing 105
mounted in the front ‘piece of the frame 45. The
handle is not sh0wn inthe’ drawmgs but is rigidly
€ of the shaft 103 and
[¢ "tral posmon in
of a sprmg 107.

it 103 in trlppmg
member lOI to engage
e ber 89 1n counter-

biased in both d1rect1ons %
a well- known manner by

- Rotation of the handle S
direction causes. the cam
‘ahd ‘actuate the latch n
clockwise or unlatchmg_ {
1ntermed1ate latch Tever
lgases the main latch 1.
ping toggle .:9—6__! to coll‘

08
. the toggle 11nk 61 engages ‘and actuates the sup-

port member 13 to a non-supportmg pOSItlon

: g
‘and durmg ‘ifs co lapse resets ‘and relatches the

tr1pp1ng toggle 59—6l

the closed position by Totat ’g the shaft 103
‘and ‘the cam 101 in tl ’t;on opposite to the
trlppmg d1rect1on ThlS auses. the cam 101 to
engage a proaectlon 1 on the closmg toggle
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link 63 and moves this lnk counterclockwise
about its pivot 67 until the support member 13
resumes its supporting position below the knee
pivot pin TI. During the closing operation, the
link 79 prevents collapse of the tripping toggle
59—61 which acts as a thrust transmitting means
and moves the movable contact structure to the
closed position.

The breaker is automatically tripped open by
operation of the trip device 13 for any pole of
the breaker. The trip device includes generally
a tripping electromagnet 113 (Figs. 1 and 2) and
a time-delay device t15. The tripping magnet 113
Includes a C-shaped magnet yoke {i1. The ends
123 of the magnet yoke form mounting feet and

are drilled and tapped to receive mounting bolts

125 and 127 as shown in Fig. 1.

The upper end of a stationary magnet core 128
is provided with an internal thread which cooper-
ates with a threaded nivple {37 disposed in an
opening in the magnet yoke to rigidly secure the
stationary core 129 to the magnet yoke.

Surrounding the stationary core member 129
is an insulating tube 138 around which is dis-
posed fhe energizing coil {41 of the magnet.

As shown in Fig. 1, the bolt 125 which secures
the upper end of the magnet yoke te the base {5
also secures the flexible conductor 39 to the upper
turn of the coil 141. The lower turn of the coil
141 is formed into a lug 143 which, together with
the inner end 145 of a terminal 147 is secured to
the base {5 by means of a bolt {43. A tubular
member {51 (Fig. 2) of magnetic material is
mounted in an opening in the lower portion

of the magnetic yoke 117 and extends upwardly 3;

within the insulating tube 29. Disposed within
the tubular member 151 is a movable core mem-
ber or armature 153. The armature {52 is pro-
vided with a central opening through which ex-
tends a ftrip rod 161 extending axially through
the movable armature 153 and an opening in the
nipple 137. A spring 183 coiled about the trip
rod 16! is compressed between a counterbore
in the armature 153 and a collar 159 held in
place on the trip rod by a spring clip 165 seated in
an annular groove in the trip rod i6i. The
armature 153 normally rests on a spring clip 169
seated in a groove in the trip rod (61,

The trip rod (61 is moved upwardly to the trip
breaker under the control of the time-delay de-~
vice {18 which compriges, generally, a movakle
abutment or flexible diaphragm {87 (Fig. 2
cooperating with the lower end of the trip rod
and several valve elements for sdmitting air to
the space below the movabie abutment or dia-
phragm at various rates o provide differant
amounts of time delay. The flexible diaphragm
is disposed in a chamber formed in an upper
housing member {71 and a lower housing member
{78, both of said housing members teing formed
of molded insulating material. The outer edge
of the diaphragm {871, together with s sealing
gasket T, is clamped between the housing
members to form an airtight seal. The housing
mentbers 172—{72 are secured togsther and
rigidly secured to the masnet voke 117 by means
of Belts (not shown). The central portion of
the diaphragm 87 is clamped betwesn upper
and lower clamp members (72 ang {81, respec-
tively. A reduced end {23 of the trip rod 181,
extending downwardly through openings in the
clamp members (79 and 18{ and in the flexible
diaphragm, is formed over against the lower
face of the latter to form an airtight sesl.

Since the spaces above and helow the dia-
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phragm (67 are completely sealed off from each
other and the space above the diaphragm is at
atmospheric pressure, any force tending to raise
the trip rod 161 will be restrained by the partial
vacuum below the diaphragm., In order to con-
trol the tripping movement of the trip rod 181,
several valve devices are provided to admit liguid
from a reservoir 185 (Figs. 2, 4,6, 7 and 8 to
the space below the diaphragm 187. 'The valve
devices comprise a long-time-delay valve device
indicated generally at (87 (Fig. 7) and a short-
time-delay valve device indicated genevally at {88
(Fig. 4). There is also provided an instantanecus
valve deviee 181 (Pig. 6) for admitting air from
the space ahove the diaphragm to the space below
the diaphragm to permit instantaneous cperation
of the trip rod 161.

The long-time-delay valve device (Figs. 3 and
7) comprises a valve rod (93 slidable axially in
an opening in the upper wall of the reservoir {88
and having a topsred lower end (2§ forming a
valve which cooperates with a valve geat (47
formed in the lower housing member 1713 to
control a passage 128 communicating the res-
exrvoir {8% with the space helow the diaphragm.
The ameunt of opening of the valve {95—187 is
manually adjusted by means of an 8~shaped ad-
iustable member 188, the upper horizontal por-
tion 201 of which engages an annular groove 203
in the upper end of the valve rod {93. An ad-
justing serew 20§ threadedly engages a central
cross member 267 of the adjustable member and
passes through an opening (not shown) in a
lower horizontal member 299 which has a reduced
portion 21t extending through a slot 212 in a
scale plate 218 mounted on the housing members
{71 and {72. The adjusting screw 295 hag o
shaft pertion 217 rotatably supported in the hous-
ing member 173 and has a knobh 2{8 rigid therse-
with for manually rotating the screw. Rotation
of the screw 205 will move the adjustable mem-
Ler {85 up or down, depending on the direction
of rotation, and move the long-time-delay valve
183 up or down to vary the amount of opening
thersof. Thiz varies the amount of time delay
rrovided by the long-time-delay valve device 127,

The pick-up point of the long-time-delay
trioping may be varied by varying the tension of
a biasing spring 221 (Figs. 2 and 3) which hiases
the main armature (532 against attraction. One
end of the spring 221 is hooked in an opening
in the bight of a U-shaped lever 223, the legs
225 of which are pivotally supported in open-
ings in an upwardly extending portion 227 (Fig.
2} of the housing member 171. At its right-hand
end, as viewed in Figs. 2 and 3, the laver 222 ig
bifurcated and is provided with inwardly extend-
ing vrojections 229 which engage in an annular
groove 221 in the armature 152, The other end
of the spring 221 is attached to the vertical por-
tion of an angular adjustable member 233 hav-
ing a horizontal portion 235 threadedly encaszad
by an adiusting screw 231. The portion 225 is
rrovided with a reduced end 229 which proiects
through a slot 241 in the scale plate 215 o indi-
cate the settine of the device. The screw 227
has a shaft portion 242 rotata®ly monnted in the
lower housing member 113 and a knob 245 on the
lower end of the shaft portion for manually rofat-
ing the screw 231. Tt will be obvious that rota-
tion of the knob 245 and screw 237 will move the
member 233 up or down, depending on the di-
rection of rotation, and vary the tension of the
spring 221 thereby varying the magnitude of
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overload current reguired to operate the arma-
uure i53.

The short trne delay valve devme {88 (Frg 4)
comprises a valve member m slidakle vertically
inan open1mr in the upper wall of thé reservoir
185 and having a valve 249 on the lower end
thereof coopelatmg with & valve seat 251 to con-
trol a passage 253 commumcatmg the reservoir

{85 with the space below the diaphragim.

The shoit-time- delay valve 247 is adapted to
be opened by means of an. armature 255 (Figs. 3
and 4) operated upon energrzatmn of the tripping
electromagnet 113 (Flgs 1 and 2) in response to
overload currents of predetérmined value. The
armature 255 is p1vota11y supported at its right-
hand end (Fig. 3) by means of projections 257
on the armature engaging in regesses 259 in the
housmg member (71. 'I‘he armature 255 is pro-
vrded w1th an openmg 26[ for recéiving a head
283 of the valve 241 and the _opening 261 has a
narrow portion 265 for, engagmg an annular
groove 267 formed by the head 263 and a collar
289 on the valve 241

The armature 255 s blased agamst attraction
by means of a sprmg 2'“ (F1g 5) having one end
attached fo 4 prOJectmn 273 of the armature and
the othér end attached to an adJustable member
216. The adjustable member threadedly engages
an adJustmg screw 271 having a shaft portion 278
rotatably mounted in the lower housing member
113 and provrded w1th a manual knob 281 for ro-
tatmg the serew 211 to vary the tension of the
spring 211 to the1 eby vary the minimum overload
current requ1red to operate the armature 255.
The adjustable member 275 has a reduced pointer
283 extending through a slot 285 in the scale plate
215 to md1cate the adjustment of short-time-de-
lay pick-up.

The amount of openmg of the short time-de-
lay valve dev1ce I89 and, Tence, the amount of
time delay prov1ded by the valve dev1ce {89 may
be varied by varying, the extent of movement of
the armature 255. Thls is effected by means of
an S-=shaped adJustable stoo member 287 (Figs.
3 and 4). The upper end of the member 287 is
formed over or at 289 to prov1de an adjustable
stop for the armature 255, ‘The central Cross
member 291 of_ the member 287 is threadedly en-
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gaged by an adJustmg screw 293 which extends

downwardly through a clearance openlng in the
lower member 295 of the S-shaped member and
has a shaft-portion 207 1otatably mounted in the
lower housmg member 173. The lower member

50

295 of the S-shaped member has 4 reduced end _

298 prOJectmg through a slot 301 in the scale
plate to act as a pointer for mdmatmg the time-
delay settmg of the short tire delay A knob 303
is provided on the loWer ‘end of the shaft portmn

297 for manually 1otatmg ‘the Screw to adjust
‘60

the stop 289. The stop 289 is disposed in the path
of a projection 805 (Figs. 3 and 4) of the arma-
ture 255 and adjustmerit of the stop 289 will per-
mit a greater or lesser movement of the arma-
ture and opening of the valve 249—251, thus vary=
ing the rate of flow of liquid from the reservoir
{85 to .the space below the diaphragm. This
varies the amount of short time delay provided
by.the valve device (89.

The flow velocity of a l1qu1d such as oil or one
of the silicones is relatlvely low and is well adapt-
ed as & medmm for p10v1d1ng long and short
time delays ‘in ‘the operatmn of the trip device.
On excessive _overload gurrents or short circuit
gurrents, it is desired ot trip the breaker substan-
tially instantanedusly. ‘Stich fiqaids are, by rea-

55
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8

son of the1r lbw ﬂow Veloclty, unsu1ted for instan-
taneous tr1pp1ng operat1ons Tn ordér to provrde
1nstantaneous tripping of the breake1 the nstan-
tanéous valve device 191 (Fig B) is arranged to
control & passage tor admitting air from the space
above the diabhiagm to the spacé below the dia-
phragm‘ the h1gh flow veloc1ty of alr or other
tion of the tr1p device.

Referrmg to Fig. 6 the instantaneous valve
device 191 comprises a valve member 387 slidable
Vert1cally in &n opéning in the upper housing
membe1 171, An annular valvé facing 308 seated
in an annular groove in the lower end of tha valve
meémber 307 cooperatés with & valve seat 311
formed in the housing member 174 to eontiol
a. passage 313 communicating with thé sbace
above the diaphragm 187 and a passage 815 com-
mumcatmg with the $pacé below the diaphragin.
The valve 30? 15 operated to the open position by
means of an armatule 317 (Figs, 3 and 6) piv-
otally supported at its right-hand end by means
of pro;ectmns 319 engaging in recesses 321 in the
upper hOusmg member {7t. The armature 3i7
is prov1ded with an open slot 323 which engages
an annular groove 325 formed on the valve mem-
ber 307 by a head 327 and a ¢ollar 329. The
armature 317 is biased against attraction by a
spring 33! havmg one end attacbed to the arma-
tare 811 by means of a clip 332 and the othér
end attached to an ad]ustable maember 335. The
adJustable member 335 is threadedly engaged by
an adJustlng screw '*31 havmg a shaft portion 333
rotatably mounted m the housing imember 172,
A knob 341 is prov1ded on the lower end of the
shaft 389. The adjustable member 235 is pro-
vided with a reduced portion 343 which extends
through a slot 3&5 in the scale plate 215 to act
as a pomter for 1ndlcat1hg the vick-up adjust-
ment of the armature 311. The pick-up point
of the 1nstantaneous trip armature 317 is ad-
Justed by rotatmg the knob 34{ to vary the ten-
sion of the spring 331,

The trip device opérates with time delays of
different duratmns in two distinet ranses ¢f over-
currents below a predetevnmed maghnitude, and
1nstantaneously in response to avercurrents akove
the predetermmed magnitude, or in réiponse to
short circuit curtents. The ranges of overcur-
rents may be arbitrarily defined as, for example,
2 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 1eted
‘current.,

Assuming an overcurrent within the low range
of overcurrents, the trip device (referrine par-
tlcularly to Fig. 10) will operate as follows: Upon
the occurrence of an overcurrent in the low range,
the tripping electromagnet i{3 becomes ener-
gized and attracts the armature 3% w pwardiy.
The armature acts through the spring {83 to pro-
duce an upward thrust on the itrip rod 18§, the
movement of the trip rod being retarded by the
partial vacuum below the diaphragm {87. The
trip rod 1€{ moves slowly in tripping Sirzchion
as liquid is drawn into the space beiow the dia-
phragm fiom the reservoir 185 through the long~
tlme-delay valve IQS—-W? Fig. 7) uniil the up-
per end of the tr1p rod engages the headed serew
99 (Fig. 1 and actuates the latch mechanism to
effect trlppmg the breakel in the manner pre-
viously deseribed. The tiine delay vrovided by
the long-time- <telay device (87 is ih the order
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of seconds and may be varied by adjusting the
valve 185—I97 (Fig. 7) as set forth previously.

As soon as the breaker contacts are opened,
the tripping magnet (13 is deenergized and the
armature 153 and the trip rod 161 are restored
by means of the spring 221 and the force of
gravity to their Fig. 2 positions. A ball check
valve 347 (Fig. 8) controls a passage 349 from the
space below the diaphragm 167 to the reservoir
to provide for quick restoration of the armature
183, the trip rod i81 and diaphragm 187 to their
normal positions following a tripping operation.

When an overcurrent occurs in the intermedi-
ate range of overcurrents, the electromagnes {13
is energized sufficiently to attract the short-time-
delay armature 255 (Pigs. 3 and 4) upwardly
against the adjustable stop 289 opening the short-
time-delay valve member 247 an amount detat-
mined by the adjustment of the stop 288. Thig
admits liquid from the reservoir 185 to the space
below the diaphragm 167 at a much higher rate
than the long-time-delay valve alone and pro-
vides a relatively short time delay in the order
of cycles in the tripping operation.

Energization of the tripping magnet 13 in re-
sponse to an overcurrent in the intermediate
range is not sufficient to attract the armature
317 for the instantaneous valve 367 (Figs. 6 and
10). However, upon the occurrence of an over-
current of 1000% or more of rated current, both
the short-time-delay armature 255 and the in-
stantaneous armature 3i7 are actuated and open
poth the short-time-delay valve device 189 (Figs.
4 and 10) and the instantaneous valve device 191
(Figs. 6 and 10), thereby admitting both liquid
and air to the space below the diaphragm 167 at
a rate sufficient to permit substantially instan-
taneous tripping movement of fthe trip rod {8i.
Since the long-time-delay valve device 187 (Fig.
7) and the short-time-delay valve device 189
(FMig. 4), as well as the instantaneous valve de-
vice 181 (Fig. 6), are open on instantaneous trip-
ping operation, a certain amount of liquid from
the reservoir {85 will be drawn into the space
below the diaphragm 167 on such operations.
Due to the relatively high flow velocity of air as
compared to liquids, the amount of liquid drawn
into the space below the diaphragm will be rela-
tively small. It will be seen, by reference to Fig.
8, that the passage 349 will, upon restoration of
the trip rod 161 and the diaphragm, bleed off the
air admitted to the space below the diaphragm
on instantaneous tripping operation so that any
negligible quantity of air remaining below the
diaphragm will not affect subsequent long- or
short-time-delay tripping. A passage 35t (Fig.
4) permits the air flowing out through check
valve 347 (Fig. 8) into the reservoir 185, to re-
turn to the space above the diaphragm {87.

On short-time-delay and instantaneous trip-
ping operations, the spring 163 limits the force
applied by the moving armature 153 to the time-
delay device. On such operations the armature
{53 is attracted immediately against the fized
core member 129 compressing the spring {63
which then supplies the force necsssary to actu-
ate the trip rod. Thus, the pull exerted on the
time-delay device is limited to the maximum force
exerted by the spring 183 when it is compressed.
This prevents damage to the time-delay device
and also provides a uniform pull on the time-
dealay device.

The herein-disclosed circuit breaker is well
adapted for the protection of distribution sys-
tems. Such distribution systems are usually
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protected by a series of breakers including gen-
erator breakers, bus tie-in breakers, feeder
breakers and load breakers. The circuit breakers
of such a system are usually set for selective trip~
ping, that is, if a fault should occur at any point
in the system, the breaker nearess the fault and
on the generator side of the fault should oben
to clear the fault condition.

The time-current requirement of the tripping
device varies with the position of the breaker in
the selective system for which reason g, trip device
providing a wide range of adjustment is essential,

As shown in Figure 9, the trip device is capable
of a wide range of adjustments. There are five
separate adjusting devices all located for ease of
accessibility. By way of example of the ranges
of adjustmens, the following have been arbitrari-
ly selected for illustrative purpose:

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

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

3. Range of short-time-delay pick-up, ifrom 500
t0 1000% of coil rating.

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

5. Range of instantaneous pick-up from 1909 to
1500 per cent of coil rating.

Fig. 11 graphically illustrates the ranges of the
several adjustments of the trip device. Along the
left-hand edge of Fig. 11 is indicated the time in
seconds. At the bottom is indicated the per cent
of coll 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 cuive B. By ad-
Jjusting the knob 245 (Figs. 2, 9 and 10), the long-
time-delay pick-up may be adjusted to pick up
at any point in the band of adjustments defined
by curves A and B as indicated st C, that is, by
way of example, between 80% and 1509% of coil
rating. Adjusting the knop 249 (Figs. 7, 9 and 10)
which controls the long-time-delay vaive (93
varies the amount of long time delay between 23
and 86 seconds as indicated at D in Fig, 11. As
indicated at E (Fig. 11) the short-time-delay
pick-up may ke set to pick up between 500% and
1000% of coil rating. This is efected by adjust-
ing the knob 281 (Figs. 5,9 and 10). The amount
of short time delay may be varied between 4 and
30 cycles, as indicated at F, by adjusting the knob
303 (Figs. 4,9and 10). Finally, the instantaneous
pick-up point may be varied between 10009% and
1500% of coil rating, as indicated at G, by adjust-
ing the knob 34[ (Figs. 6,9 and 10) which controls
the tension of the biasing spring 354 (Figs. 8 and
10) for the instantaneous valve-operating arma-
ture 311.

Each of these adjustments may he made by
merely turning the adjusting knob associated
with the particular adjusting devices previously
described. The adjustments are independent of
one another and, as shown in Fig. 9, all of the
adjusting knobs are conveniently loecated.

The complete adjustability of the trip device
eliminates the necessity of increasing band width
of adjustments to compensate for manufacturi
variations and different coil ratings.

Having described the invention in accordance
with the patent statutes, it is to be understood
that various changes and modifications may he
made in the structural details ana combination of
elements disclosed without departing from some
of the essential features of the invention.

ng
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“We -claim @5 -ouf -4nvention:

-1.-In an-electromagnetic trip deviceeomprising
a-trip -rod, an -enefgizing ‘winding, an armature
opérable ‘upon eneérgization  of -said winding -in
response to overload -currents to actuate said irip
fod, a time-delay element for retarding tripping
operation-of said trip‘rod,-a -housing- defining -a
chamber for said time-delay element and a -sep-
arateliquid ‘storage reservoir, a plurality of pas-
sages ‘communicating said. reservoir ‘and said
chamber, valve means controliing said passages to
admit-Hauid-from-said reservoir to said- chamber
at @ifferent rates to-effect time delays of-different
duration -in ‘the operation of said trip rod and
electromagnetic mesans-for- actuating said valve
means.

-2, -In‘an electromagnetm trip device comprising

a tr1p rod, an energizing winding, an armature

operable upon energization of said winding in re-
sponise ‘to overload ‘cutrents to actuate said trip
rod, a time-delay element- for retarding tmpping
operation ‘of “s&id {riprod, a-Housing “defning a
chamber for said time- delay element and.-a :sep-
didte liguid-stordge- résérvoir, a plurality of:pas-
sages communicating said- reservoir “arnd sdid
chdmber, and valve means-controliing satd: Pas-
sagés to admit liquid from:sald- :reservoir:to+said
chamber at different rates to effect time’ delays-of
different rates to effect. time delays of different
duratron i1 the opération of said trip ¥od, a’ sep-
‘sage commumcatmg said chamber 1o at-
, nd valve means controlhng Said sep-
arate passage to*adm't air o ‘sdid chamijer to
sfréct instantail us operatlon 61 said trip ¥od.

ip aev1ce ‘comiprisitig a rip Tod and
an “electromagnet “opéerable whén energized “fo
ef”ect 4 ppmg movement of ‘said t¥ip Tod, titne-
delay means comprmng E: dashpot attached to
tr1p od for Tetarding tr1pp1ng ‘movendent oT

al
saia” tr1p rod an enclosmg -housing défining a 4

chamber for’ sald dashpot and~a 11qu1d 1eservon
spaced from sa1d chamber, a ﬁrst valve ‘for ad-
mlttmg hquld from-said’ reservo1r to am cham-
ber at a prede%ermmed rate to-effect o 1elat1vely
long tlme delay in tne trlppmg movement-of said
tr1p réd a second valve, and a0 armature oper-
able- automamcally by said electromagnetw trip
de ice-iny response- to- abnormal cirouit- conditions
to- actuate sa1d second valve and increase the rate
of admlssmn of llquld from sald reservoir to said
chamber to effect a relatwely sho1t time deizy
1n the tr1ppmg movement of sa1d trip rod.

4. In an- electromagnetlc trip- device compris-
mg a~ trzp member an -energizing Wmdmg,- an
armature operable wupon - energization - of - said
Wmdmg “$o'-actuate - said - trip:-member,-a - time~
delay element: comprising--a: fexible diaphra gm
for: retardmg tripping - movement. - of -said « trip
member 5 chamber, a reservoir containing l1qu1d

a first valvemeans for- admitting liquid from-said
reservoir - to- said -echamber at a-predetermined
rate- to: 1etard movement of- said- trip -member
with-ar predetermmed time delay,-a second valve
means, -and- & second-armature operated in re-
sponse to predetermmed abnormal circuiy condi-
tions to-actuate said- gecond valve nreans and in-
crease the rate of-admission-of ‘Hquid from- said
reservoir-to -said- chamber.

5. A trip device for-a cireuit'breaker compris-~
ing-a ‘trip-member, electromagnetic-means- cher-
able-when-energized in response to-overload ¢ur-
rents -to-actuate “said ‘trip -member, ‘ time-delay
means “comprising: a dashpot for retarding trip-
ping moveément- of-said trip” ‘member;’ a-housing
defining a-separate réservoir containing’ a liquid,
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means ‘defining -a -restricted - passage admitting
liquid from-said reservoir fo said dashpot to-xe-
tard -tripping movement of “said trip membper
with-a relatively long time delay when said-elec-
tromagnetic- means is energized-in response to-an
overload current below - predetermined wvalue,
mieans defining a-second passage-communicating
said dashpot to atmosphere, and a valve .gper-
able by said electromagnetic means when-said
electromagnetic meansis energized in response to
an ‘overload current above said predetermined
value, said valve ‘opening -said -second passage
to admit air to said dashpot to permit:said€lec-
tromagnetic means to actuate said-trip member
substantially instantaneously.

6..In a circuit breaker having relatively mov-
able -contact ‘means ‘and operating ‘mechanism
therefor, the combination of a ‘irip member,:a
trip device comprising’ electromagnetlc means.op-
erable when ‘energized in response to -dverload
currents to actuate-said trip member, time-delay
means comprising”a- dashpot for retarding trip-
ping movement '6f said:trip: member, :a: housing
for said dashpet -défining 'a -Separafe’ reservoir
containing a liquid, ‘eans ‘defining  a-restricted
passage admitting liquid from said reservoir to
said dashpot to vetard tripping movement of-said
trip menaber when said’ electromagnetic means is
energized in response to an overload current below

. g predetermined valus,“means- defining 'a sécond

passage commumcatmg gaid ‘dashpet-to:the at-
miosphere, and-a valve operable by-said-électro-
magnetic meanswhensaid électromag netic mésns
i energized in response-to-an-overload eurrent
above sald predétermineéd value, said-valve open-
ing said second passage to-admifairto said dash-
pot to permit said electromagnetic means to-actu-
ate said trip member -substantially ‘instantane-
ously.

7. In a trip’ device for-a’ ~gireuit breaker, the
combinaticn of & trip rod, electromagnetic means
for ‘actuating said trip rod, time-delay:means
comprising a‘dashpot for retarding tripping move-
ment of said irip rod, 'a reservoir containing-a
supply of liquid, a first valve for admitting liquid
from said- reservoir'to said dashpot-at a prede-
termined rate for effecting a ‘long’ time delay of
the order of seconds in the ‘operation of said trip
rod, a second valve for aamlttmg Tiquid from: sa1d
reservoir to . gaid dashpot at a greater-raté than
said first ‘valve for-effecting a-short time' delay
of“the order-oi eyclesin the operation of said trip
rod, and a third valve for admitting dir‘to said
dashpot at a rate’to permit substantially instan-
taneous operation of said trip rod.

8. In a cifcuit breaker havihg relatively mov-
able contact means and operating meang there-
for, the combination of trip means, electrorespon-
sive means’ for operating said. t¥ip means, tite-
delay means comprising a’'dashpot for retarding
tripping..operation of ‘said tyip means, & liglid
storage chamber, a first valve means’ for admit-
tinig. liguid from said ‘storage. chamber to “said
dashpot at a predeterminéd rate for éffecting a
long time-delay of the order of $econds in the op~
eration of said frip means, a secoiid valve means
Tor admitting liquid from said storage chimber
to said dashpot at a greater rate than said first
valve for effecting a 'short time delay of the order
‘of. cycles in the operation of said trip means, a
ﬁrst armature operable when said electrorespon-
sive means is energized in response to overload
"currents below g predetermined value for actuat-
}ngv'said second valve; g third valve for admiitting
2ir to said dashpot-at 4 rate to permit instatitg-
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neous oparation of said trip means, and 3 second
armabure operable when said electroresponsive
means is energized in respense to overload cur-
rents above said predeterinined value for actuat-
ing said third valve.

8. In g civeudt breaker having relatively mov-
able coniact means and operating means there-
for, the combination of a trip member, electro-
magnetic trip means, means for operating said
trip member, time~delay rmeans comprising a
dashpot for at times retarding tripping opera-
tions of said trip member, g first valve means
for admitting liquid to said dashpot ab a prede-
termined rate for effecting g time delay in the
operation of said trip member, g first armature
operable when said elactromagnet is energized in
response to overload currents below a predeter-
mined value for opening said fArst valve means,
a second valve means for admitting air o said
dashpob at a rate to permit instantaneous cpera~-
tion of said trip member, and 9 second armature
operable when said electromagnet is energized in
response to overload currents above said prede-
termined valuz for opening said second valve
means.

10. An electromagnetic trip device having g trip
member, means for operating said trip member,
time-delay means comprising s dashpot for at
times retarding tripping opsrations of said trip
member, a first valve means for admitting liquid
to said dashpot at o predetermined rate for ef-
fecting g time delay in the operation of said trip
member, & first armature operable when said slsc-
tromagnet is energized in response to overload
currents below g predetermined value for ¢cpening
sald first valve means, adjusting means for se-
lectively determining the extent of opening of
said first valve to thereby vary the amount of
time delay, a second valve means for admitting
air to said dashpot at g rate to permit instanta-
neous operation of said trip member, and a second
armature operable when said electromagnet is en-
ergized in response to overload currents above
sald predetermined value for opening said sec-
ond valve means.

11. In a circuit breaker having relatively mov-
able contact means and operating means there-
for, the combination of g trip member, electro-
magnetic trip means, means for operating said
trip member, time-delay means comprising g fluid

dashpot for at times retarding tripping operation :

of said trip member, 5 reservoir separate from
said dashpet and containing 5 liquid, g first valve
means for admitting licuid from saiq reserveir
to said dashpot at a rredetermined rate for ef-
fecting 2 time delay in the operation of said trip
membker, 2 first armature operable when said
electromagnet is energized in response to over-
load currents below g predetermined value for
obening said firgt valve means, a second valve
means for admitting air to said dashpot at a rate
to permit instantaneous operation of said trip
member, g second armature operable when said
electromagnet is energized in response to overload
currents above said predetermined value for open-
ing said second valve means, and separate ad-
justing means for said first and second arma-

tures for selectively determining the minimum
" overload current required to actuate said arma-
tures.

12. In a cireuit breakeyr having relatively mov-
able contact means and opsrating means there-
for, the combination of a frip rod, an energizing
winding, g main armature operable upon energi-
zation of said winding in response to overload
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currents o actuate said trip rod, time-delay
means comprising a fluid dashpot operated by
said trip rod for retarding cperation of saig trip
rod, a storage chamber containing liguid, g first
valve means controlling a vassage for admitting
liguid from said chamber to said dashpot a{ a
predetermined rate for effecting a time delay
in the operation of said trip rod when said wing-
ing is energized in response to overload currents
below a predetermined value, a second valve
means controlling a second psssage for admitting
air to said dashpot at a rate to permit instan-
tanecus overation of said trip rod, 2 second arma.-
ture operable when saig winding ig energized in
response to overload currents above said prede-
termined value to open said second valve, and re-
silient means disposed batween sald main arma-
fure and said trip rod to Hmit the force applied
by said armaturs to saig trin vod.

13. In g trip device for a circuit breaker, the
combination of g trip rod, an energizing wind-
ing, a main armature operable upon energiza-
tion of said winding in response to overload cur-
rents to actuate said trip rod, means adjustable
to selectively determine the minimum overloagd
current required to actuate said main armature,
time-delay means comprising a dashpot includ-
ing a movable abutment attached to sald trip rod
for retarding operation of said trip rod, a liguid
storage chamber separate from said dashopot, a
first valve means for admitting liquid from said
storage chamber o said dashpot at a predeter-
mined rate for effecting g time delay in the opera-
tion of said trip rod when ssig winding is ener-
gized in response to overload currents bslow a
predetermined value, a second valve means for
admitting fluid gas to said dashpot at a rate to
permit instantaneous operation of said trip rod,
8 second armature operable when said winding
is energized in response to overload currents
above said predetermined value to open said sec-
ond valve, and means adjustable to selectively
determine the minimum overload current re-
quired to actuate said second armature.

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