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To all whom it may concern:

Be it known that I, Enpwarp M. HEWLETT,
a citizen of the United States, residing at

‘Schenectady, in the county of Schenectady

and State of New York, have invented cer-

‘tain new and useful Improvements in Time-

~ Limit Circuit-Breakers, of which the follow-

10

-~ value.

. in% 1s a specification. *

t has hitherto been customary to provide
electric circuits with safety devices consisting
of switches arranged to open automatically
when the current reached a predetermined
Such devices have in practice proved
insufficient . and objectionable, since they
have opened upon merely momentary over-

~ loads and have responded merely to current
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strength independent of the time during

which the current might be maintained. An
ordinary eléctric circuit or translatimg device
can endure for brief periods overloads which
would be destructive if carried for long
times, and it is highly inconvenient to have

‘the apparatus rendered useless on - every
‘merely momentary rise of current beyond

the limit which the circuit 1s designed to en-
dure continuously. As an example of the
utility of the combination here pointed out; I
may instance a large electric rallway system
on which a number of cars are running. It
may well happen that a large number of cars
upon the same section or upon a part of the
road fed by the same feeder and supphed

through a single circuit-breaker may start

at one time, and the current requirements
will be so great that under ordinary condi-

- tions the circuit-breaker would operate, yet

40

the generator or station might well be able to
carry the overload for some little time with-

out mjury, and it would cause great mcon--
As the

venience to have the feeder opened.
cars acquire speed the current requirements
are cut down in the usual way, and such an
overload might not persist for any consider-

~able length of time, and therefore the opera-

45

tion of the circuit-breaker would be only a
source of annoyance; but 1f the same current
were taken by a ground or in any other way
taken continuously it would be desirable to

open the feeder.

- A further utility of the invention will be
found mm the case of alternating -current
lies.

stance, there sometimes occurs what 1s
known as ‘‘surging,” in which action the cur-

be deseribed.

In lines of high potential, for in-.

rent and potential are subject to violent 55

fluctuations or to a sort of harmonic rise and
fall, burning off wire, kite-wires, &c. These
phenomena are often; (and, in fact, generally)
of such brief duration that 1t is highly unde-
sirable to open the circuit when tiéy ocCur.
In such cases my invention would come into

play. . *
As a convenient exemplification of the 1n-

6o

vention I have shown it as it has been ap- |

plied to three-phase lines carrying alternat-
g currents; but this 1s only a type of any

~other system in which 1t may be usefully ap-

plied,and the particular application herem
set forth i1s to be taken as ‘typical of any
other embodiment embracing its principles.

Automatic circuit-breakers of - ordinary
construction—such, . for nstance, as those
described in the patent to W. B. Potter, No.
533,083, in which & spring-operated contact
of switching device 1s released by an over-

load-coil-—are inserted in the wvarious lines.

TO
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A clockwork mechanism capable of tripping =
the circuit-breakeris held from rotation by a.

suitable detent actuated by the armature of
the series coil. On account of the dificulty
in actuating -the trip positively by ordinary
clockwork devices I have preferred to ‘‘re-
lay”’ it, as it is called—that 1s, to make the
clock close the circuit—and thus actuate a
coil which will trip the circuit-breaker posi-
tively. Obviously other arrangements might
be used. The detentis so arranged n codp-
eration with a suitable lug on one of the
wheels of the clock that only after the lug
has made a practically- complete revolution
will the circuit of the relay-coil be completed

and the circuit-breaker opened. If. during
‘the time of this revolution the overload or

short-circuit be removed, the lug will be

30
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stopped, so that the circuit of the relay de- 95

vice will not be completed.-

The arrangement of the invention just out-
lined is of great importance and utility. 1t
has, however, limitations which I aim to
avold in a second form of apparatus now to
It may be that an ordmary
overioad for which the machinery 1s propor-

“tioned and which it is intended to stand for a

reasonable time would do no damage within

i thetimelimit; butitmayalsowellhappenthat

a, short - circuit or dangerous overload may

IOQ

IOK

occur during this time, and it would be disas-

trous to permit tliis large current to flow even

E



_for the time limit, however shert that.'mi oht |
be.

I therefore by the second formi of appa-

ratus now to be described so arrange the de-

- rent rise to a second limit to which the appa- |

10

' resented I provide for this condition by

IS5
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play

vice that although the time feature is still in

limit for which the circuit-breaker is set to
operate in this manner, yet should the cur-

ratus may be a,dJusted it will be immediately

operated, and the circuit will be opened be-

fore demage can occur. In the particular
embodiment of the device which is here rep-
in-
chuding in multiple with the tmppmg—ceﬂ of
the circuit-breaker a- resistance so propor-
tioned that the drop across its terminals at
the determined second overload is sufficient
to cause current enough to pass through the

tripping-coil to operate the circuit-breaker.
Thus, for example, 1n a zircuit-breaker set to

open on an overload of (ifty per cent., which
is & common practicein the art, the time-limit

feature will be called into pley as soon as the

current reaches thle amount. Should, how-
ever, a real short-circuit occur or an ever]ead

of a hundred per cent., which would be dan-

oerous, then the drep across the resistance-
terminals will drive enough current through

the tripping-coil to open ‘the eir emt breaker

at once.

One feature of my invention therefore em-
bodies a circuit breaking or switching appa-
ratus having two operating conditions, both
in play at the same time—-that i 1s to sey,
circuit-breaker which will open at a prede-
termined overload existing for 'a. definite

~ length of time and will also open instantane-
| eusly when the overload reaches a. certain

40

- Indirectly by a, single coil.

| s_q

other predetermined and higher limit, and
the claims which 1 shall ma,ke to this feature
are to be regarded as generic.

As an additional and auxiliary feature of

invention I have shown in this case g number

of independent switches, each of which is ca-
pable of independent actuation to open or

close its circuit and all controlled directly or

This feature of
the invention is also capable of extended use-
ful application.
plication particularly describe and point out
its utilities and advantages, nor do I in this

case make clagims to it, beeefuee 1t 18 desenbed |

illustrated, and claimed in my pending &pph—

cation Serml No. 692,160, filed September

29 1898, the claims in thh are to be taken
as eevermfr this case in 80 far as thls feature

18 eencerned

The accompanying drewmgs show an em-

. bodiment of my invention.

6o
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Figure 1 is a front elevation of the eentrel-—
llnﬂ' dewce for the circuit- breakers, showing
Lhe series eelle and the cleekwerk meche,n-
s, Fig. 2 is a detail upon an enlarged

scale, showing thée escapement device carry-
ing the Cli‘ﬂlllt operator or switch for the re-

for all ordinary overloads up to the |

through it.

Figs. 2 and 3.)

-apparatus will be apparent

I do not in this patent ap-

832,677

lay-eelle
in section, of the parts shown in Fig. 2
4 is .2, dlegrazh of circuits. Fig.
gram of the circuits of the second form of the
1nvention, and Rigs. 6 and-7 are mechanical
‘details ef perts of the” appdratus shown in

g,

Fi

%’n Flg 1, A is the base of the apparatus, B
is the frame surrounding it, and C C’ are
cores of e]eetromegnets of WhJeh D D’ are
the cois.  The particular ap{)eretus shown
being designed for use with
rents the ma(rnetw circuits should be lami-
nated. E L are the armatures of the elec-
tromagnets working against the springs F ¥/,

_whmh are made adjustable in the usual way,

so as to determine the overload at which the
apparatus will operate. G.1s a rod carried
in guides G’ G?, the latter of which is in this
partmular case formed of part of the frame of

the clockwork H. Either ermeture may op-

erate the rod by acting upon a pin g, passing
On the baek of the rod (see Kigs.
2 and 3) 1s a notch g*. A wheel I, of insulat-
ing material, is driven by the clockwork
whenever the. lug 7 is released by the upward
motion of the rod bringing the notch to reg-
ister w1th the lue' The wheel carries a seg-
ment 7, of eenduetmn‘ metal, which serves to
eemp]ete the circuit of  certain relay-coils
presently to be described by means of flexi-

ble contacts, one of which, L, is always touch-

ing the wheel I, and the other of whi ch, K, 1s
brought age,mst the wheel by the upwe,rd'
motion of the rod G through a projection ¢/,
affixed to and moving with the rod.

4, the circuits of the

In two of the
three-plrase lines are current-transformers T

Referrm':r now to Fig.

‘L', each of which 1s 1n circuit with one of the
Circuit-breakers M’ M? M?* are
connected in the Iines 1 series m the usual
way, and their tripping-coils m’ m* m® are -

eoﬂs D D’.

connected in a circuit from a battery or other

F1g 318 & 31de eleva,mon partly'_

5 15 a dia-

i°

75

alternating cur-

30

go. .

95

I00

(See |

Ic5‘

110

suittable current source N, closed on the con- -

tacts I. K. - 1t 1s manlfest thet whenever the

circuit-breakers will be Opened The groups
of circuit-breakers constitute infact a switch
mechanism for all phases of the circuit and

contacts touch the eeﬂment 2" of the wheel I
the circuit will be. (empleted and all of the .

115

are controlled by the operating devices to act |

asaunit and break all phases at the same time.
The operation of the device as thus far de-

scribed 1s as follows: Whenever an overload

comes upon one leg of the eircuit, the corre-

sponding coll D D7 will pull down its arma-

120

ture and raise the rod o (see Figs. 2 and 3)

until the notch-¢* registers w ith the lug .

The wheel will then revolve and the eontaet |

K will at the same time be forced against it

by the upward motion of the rod, and after
8 determinate interval, which may be any-

h thmg desired, dependmg on the epee(l ef the L

125




| ~wheel, the cont&cts KL
the se

- m® will be energized and the circuit-breaker |
‘the bell-crank lever engages with a. pawl P,

- IQ

- the circuit which they

15
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30
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gment v" and the tripping-coils m’ m?

operated. Should, however, the overload
be removed before the wheel has completed
its revolution, the rod G will drop, the Spring
K will move away from the wheel I, and the
circuit will not be completed, the lug 2 again
bringing up against the rod G.

Referring again to Fig. 4,it will be seen that
I have provided switches U’ U? U?, each in
circuit with one of the coils m’ m? m?®. These
switches may be of simple form, inasmuch as

moderate potential, and I have shown each
of them as consisting of a spring %, which
makes contact with a block %/, the spring
being ‘'moved away from the block by the
soggle of the circuit-breaker. By this ar-
rangement whenever the circuit 1s open at

all all of the coils are cut out, so that the cir-
cuit-breakers may be independently oper- -

ated to close their particular lines whenever
desired. 1 have SEOWII the circuit-breaker
trip-coilsin multiple ; but it would manifestly
be without invention and operative to con-
nect them in series, the change being appa-
rent without illustration. The closing of
each circuit-breaker cuts its trip-coil into cir-
cuit, so that it is at once ready to operate.
Figs. 5, 6, and 7 show the second form of

- the device which is referred to in my state-

35

ment of invention, in which at a moderate

overload the time-limit feature controls the

action of the circuit-breaker, while at a sec-

~ond and greater overload the circuit-breaker

_40
45
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opens immediately. I will first describe the

circuits as shown in Fig. 5 and then the modi-
hed form of apparatus exemplified in Figs. 6
and 7 by which in this particular case the in-
vention is cafried into effect. -

~ In Fig. 5 only one of the circuit-breakers
1s 1llustrated, as the application to a number
is readily apparent.  In this figure the parts
like those already described have the samie
reference-letters.  The clockwork when re-
leased operates a pawl which is brought into

registry with the lug on the wheel I'and acts’

to throw a switch from contact m? to contact
m*. By tracing the circuits it will be found
that current flows from the secondary of the
transformer T through the coil D and the
cotl m” of the circuit-breaker in series, and a
resistance R, which I prefer to make adjust-
able, 1s also ineluded in multiple with the
cotl m” and in series with the coil D. When
the switch is thrown to the other contact m?,
the resistance is cut out and a heavier cur-
rent can pass through the coil m’, so that the
circuit-breaker will be immediately opened.
Referring now to Figs. 6 and 7, the me-
chanical part of this form of apparatus will

be imderstood. The wheel I carries a lug Q,

anG a bar &', affixed to the rod G, prevents

the rotation of the wheel, the lug Q engaging |

will be bridged by |

erates a switch-contact O, recip

operate is of only

3

with it. To the other end of the bar at s is

pivoted a bell-crank lever S, a little los s mo-
tion being allowed at s: The other end of

working against the spring p. The pawl op-

tween the fixed contacts m? m3 of Fig. 5. It
will be seen that when either of the arma-
tures K K’ raises the rod G the wheel I ro-
tates, and at the same time the bell-crank
lever throws the pawl P into position to en-

gage after a determinate time with the lug Q. -

Of course should the overload be removed
In the meantime, the armature E would re-
lease the rod and the parts return to their
1llustrated position; but should it persist the
tug will engage with the pawl and throw the
contact O to the contact m?, thus cutting out
the resistance as already described. The
switch O will thus not be moved
overload persists for a sufficient length of
time; but should the current in the mean.
time continue to rise until the second over.

minals of the resistance R would be so ogreat
as to pass & large current through the coil m’,
and thus open the circuit-breaker. I have
shown the resistance R as adjustable, be-
cause under some conditions this may be de-
sirable. It is manifest that the second or
higher overload limit herein referred to will
be fixed by the adjustment of this resistance.
The hizher the resistance the less the current
necessary to operate the circuit-breaker irre-
spective of its time-limiting device, and vice
versa.
load limits are set once for all and in conse-
quence a permanent resistance of suitable

i character will be included: but under some

conditions, as where a bank of generators is

to be employed, some or all of which may be

put into operation, different current require-
ments may need to be provided for, and in
this case an adjustable resistance would be
employed. S |
What I claim.as new, and desire to secure
by Letters Patent of the Uuited States, is—
1. The combination with a polyphase al-
ternating-current cireuit, of circuit-breaking
devices -for breaking all phases, and means
operatively related to the conductors of a
portion of said phases and operative under a
predetermined variation of load from nor-
mal, to actuate said circuit-breaking devices
after said variation has persisted a- definite
time interval and operative to actuate said
devices quickly

2. The combination with a polyphase al-
ternating-current circuit, of a circuit-breaker

device therefor operatively related to the con-
ductors of & portion of said phases and re-

‘sponsive to a predetermined variation of load

from normal, and means for operating the

unless the

In ordinary installations ‘the over-

upon a greater or excessive.
‘vanation of load. |

70

rocating be-

75

30

85

load limit is reached the drop across the ter-

Q0

95

100

108

110

.
BB

120

125

for each of said phases, a time-limit operating

130




said clrcult—breakers qmekly upon a grea,ter

. or excessive variation of load.

10

3. The combination with a clrcult—brea,k—

mg device having a single trip-coil, of means |
for energizing said eoil sufficiently to trip said
- eircuit-breaking ‘device after a definite time

interval upon a predetermmed variation of

load from normal and quickl

or excessive variation of los
4. In combination with an electric cu'cult

8 eircuit-breaker therein, a trip-coil for said-
circuit-breaker supplied with current from

said line-circuit, and means actuated by a

~ definite varlatlon of load from normal for di-

20

verting a portion of the current from said coil
for a definite time interval and for increasing
at the end of said time interval the current
flowing through the coil, whereby the breaker
will be trlpped either after said interval upon
the occurrence of continuing light variation of
load or quickly upon the occurrence of a

~ greater or excessive load variation.

~ said trip device to energize.said tripping-coul-

30

5. An electromagnet clrcmt-brea,ker com-
prising a trip device actuated by a single trip-
ping-coil to cause said trip device to open

the circuit upon the occurrence of certain

predetermined electrical conditions, and time-
hmlt mechanism operated mdependently of

to cause said trip device to open the circuit

“after a definite time interval upon the occur-

- 'rence of other predeterxmned electrlca,l con-

35°
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45

50
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ditions.

6. The combination of an eleetromagnetm,
circuit-breaker, a trip device actuated by a |

single tnppmg—coﬂ to eguse said trip dewce
to open the circuit upon the occurrence of
certain predetermined electrical conditions,
and time-limit mechanism operated inde-

pendently of said trip device to control the

energizing of said tripping-coil to actuate

said trip device upon the occurrence of other:

predetermined electrical conditions. -

- 7. The combination of an eleotromagnetlc'_

circuit-breaker, a trip device therefor ar-
ranged to open the circuit upon the occur-
rence of certain predetermined electrmal con-

ditions, and time-limit mechanism, set in op-

peration upon the occurrence of other prede-
termined electrical conditions to open the

circuit after a definite time mterva,l sald:

time-limit mechanism being mdependent in

operation during its time interval of the elec-

trical condition of the circuit.

8. The combination with a polyphase al-
ternating-current circuit, of circuit-breaking
devices for breaking all phases a trip device

- therefor- arranged to open the circuit upon
" the occurrence of certain predetermined elec-

60

trical conditions therein, and time - limit
mechanism set in operamon upon. the occur-

‘rence of other predetermined electrical con-

ditions in the circuit to open the same after a
definite time mterval, said time-limit mech-

g’ upon a grea,terw

_tem ‘the com

&:3;9.,577' -

its time mterva,l of the electncal condltmn of'

the circuit.

9. The combination with an a,ltematrmg—‘

current circuit, of a tranformer and a circuit-
breaker mcluded therein, a time-limit mech-

anism to actuate said breaker to open the cir-

cuit after a definite interval, said mechan-

controlling the opera,tmn of the tlme-hmlt

| meehamsm |

ism being independent of the electrical con-
dition of the circuit during its time interval,.

and means governed by the transformer for 75

- 10. The combination W1th an altematmg— N

breaker mc.luded therein, a tlme-lmut mech—

of the circuit during its time interval, and an

electromagnetic controllmg device included
in the secondary circuit of the transformer

and controlling the oper&tmn of the time-

| hmlt mechanism.

| current circuit, of a transformer and a circuit-

3c

‘anism to actuate said breaker to open the cir-
| cuit after a definite interval, said mechanism "
being independent of the eleotrlcal condition

11. The combination with an altematmg— .

current circuit, of a transformer and a circuit-

breaker mcluded therein, means comprising &
clock mechanism for controlhng the opera-
tion of the circuit-breaker, and electromag-

netically-actuated means included in the sec-

ondary circuit of the transformer for setting

the clock mechanism in-operation.

12. Ina polg'phase a,ltema,tm%-current Sys-
tem, the combindtion with a p

urality of al-

go

95

tematmg—current lines, transformers and cir-

'cmt-—brea,kers mcluded therein, means com-

prising a clock mechanism for controllmg the

operation of said circuit-brcakers, and elec-
tromagnetically-actuated means mcluded m.

100

the secondary circuit of each transformer for -

settm the clock mechanism in operation.

105

n a po gphase alterna.tm%—current 3ys-

ination with a plurality of al-

ternating-current lines, of circuit-breaking
means 1mncluded 1? in each of said bnes, trans-

formers included in some. of said hnes and
means. controlled by ‘said transformers for

I1IO

controlling the operation of S&ld circuit- -

breakers.

- 14.In a three-ph&se &lternatlng-current
system, the combination with circuit-break-

ing means included in each phase-line, a

transformer included in each of two. hase
lines, and means controlled by either trans—-

| former for controlling the opemtmn .of &H the

circuit-breaking means.

15. The combination with an alternatmg— |
| current circuit, of -4 transformer and circuit-

IX§

120

breaker included therein, a trip-circuit for -
the circuit-breaker, tlme-hmlt mechanism to .

close said trlp—clrcult after a definite interval,

said mechanism being independent of the -

125

electrical condition of the circuit during its .

| time interval, and means governed by the

transformer for controllmg the time-limit

65 anism bemg mlvpendent in operation during | mechanism.

130
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Tent i the secondary
Tormer for controlling
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16. The combination with an alternating-
current, circuit, of a transformer and a Cir-
cuit-breaker included therein, a trip-circuit
for the cireuit-breaker, means cOmprising
clock mechanism for controlling said trip-cir-
cuit, and electromagnetically-actuated means
included in the secondary cireuit of the trans-
former for setting the clock mechanism in
operation. - '

17. In a polyphase alternating-current sys-
tem, the mn%in&'tion with the different
phase lines, of circuit-breakers included in
each of said lines, transformers inecluded mn
some of said lines, trip devices for the cireuit-
breakers, and means controlled by the cur-
cireuit of each trans-
the operation of the
trip devices. | |

15. The combination with an alternating-
current circuit, of a transformer and eircuit-
breaker ineluded therein, a trip device opera-
tively related to said transformer and opera-
tive to open the circuit upon the occurrence
of certain predetermined electrical cotidi-
tions, and time-limit mechanism
related to said transformer and operafive to
actuate said trip device to open the eircuit
after a definite timne interval upon the occur-

rence ol other predetermined electrical con-

ditions. | |
19, In a pelyphase alternating-current sys-
tem, the combination with the different

phase lines, of circuit-breakers included in

£

eacn of said lines, transformers mciuded in
some only of said lines, trip devices for the

circuit-breakers operatively related to said

transiormers and operative to open the cir-

curt of all of said lines upon the oceurrence of

- certain predetermined eleciricsl conditions

o

50

A .conneciion between

In any of said transtormers, ard time-Hmit
mechanism also operatively related to said
Lransformers and operative to open the cir-
cutt of ail of said lines aftor a definite time
interval upon the occurrence of other prede-
termined electrical conditions in one of sald
transformers, | | |

20. The combination of g circuit-breaker,
& tripping-coil controllad by an auxiliary eir-
cult, current-measuring coil controlled by
the cireuit which ig opened and closed by the
cireuit-breaker, a clock mechanism carrying
& contact governing the tripping-circuit, and
the armature of the

J

operatively

tion of

coll 1s immediately

“hand this 10th day of Februar

i

>

Qurrent#-me&suring coil and a detent for the

clock mechanism ; the whole arranged so that
when the current-measuring coil actuates its

armature, the clock mechanism is released

and when the armature is retracted the clock
i1s stopped. A

21. In a time-limit circuit-opening appa-
ratus for a polyphase circuit, the combina-
& number of circuit-breakers having
their tripping-coils connected in circuit with
& source of current, current-measuring coils
vice for governing the tripping-circuit, and a
detent for the time device controlled by the
current measuring coils; the whole arranged
so that upon overload the time device is re-
leased, and upon persistence of the overload

n some of the I}Olyghase circuits, a time de- ¢

55

o
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7C

for a definite time the time device closes the -

tripping-cireuit. .
- 22, The combination with a clrcuit-breaker
of

shunting the tripping-coil and in series with
the current-measuring coil, a time-limit de-
vice controlled by the current-measuring
coll, and a switch controlled by the time-limit
aevice, for cutting out the resistance; where-
by when the time-limit.device acts to open
the circuit, resistance is cut out, and the trip-
ping-coil carries the entire current, so that on
a definite overload which persists for & given
time, the circuit-breaker is actuated, and
upon another and greater overload causing
suflicient dvop in the resistance the tripping-
actuated without regard
to the time limit. |
{ 23. The combination of a circuit-breaker,
8" magnetically-controiled operating device
therefor comprising a single controlling-mag-

net mactive under normal current and active
' under a definite variation of current strength,
and a time-imit

device actuated by a less
variation of current strength and operative
to render sald controlling-magnet active to
actuate said operating device after a definite
time interval and to prevent its operation if
the, current variation should not persist.

In witness whereof I have hereunto set my
, 1899,
EDWARD M. HEWLETT.

Witnesseg:

B. B. Huix,
Epwarp Wirkrawms, Jr

& tripping-coil and a current-measuring

coil 1n series with each other, a resistance 7s

So.
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