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To all whom 1t may concern:

Be it known that I, CmarLes W. YERGER,
a citizen of the United States, residing at
Milwaulkee, in the county of Milwaukee and
State of Wisconsin, have invented new and
useful Improvements in Circuit-Controllers,
of which the following 1s a full, clear, con-
cise, and exact description, reference being
had to the accompanying drawing, forming
a part of this specification.

My invention relates to Improvements in
circuit controlling devices.

Broadly, it is the object of my invention
to provide a circuit controlling device, par-

ticularly adapted for alternating current

circuits, which will open upon the occur-
rence of abnormal conditions in the circuit
controlled thereby and which will remain
open until the same is intentionally reclosed.
It should be understood, however, that iy
invention is equally applicable to circuit
controlling devices for direct current cir-
cuits.

Various other cbjects and advantages of
my invention will be hereinafter set forth.

For the purpcse of more fully disclosing
the characteristic features of my invention,
I shall described the embodiment thereot
diagrammatically illustrated in the accom-
panying drawing.

For the purpose of illustration, I have
shown the device arranged to control the
circuit of an alternating current slip ring
motor 1. Tt should be understood, however,
that my invention 1s not limited to this
particular application thereof. The device
1llustrated includes an electroresponsive main
switch 2, an auxiliary or relay switch 3 and
a master switch 4. The main switch 2 1s
provided with two contact members 5 and 6,
cach connected in one phase of the primary
circuit of the motor 1. The main switch 2
is also provided with an auxiliary switch
contact 7 for a purpose hereinafter set forth.
The auxiliary or relay switch 3 1s provided
with two contact members 8 and 9. The
contact member 8, as will be hereinafter set
forth, is connected in circuit with the oper-
ating winding of the main switch 2 while
the contact member 9 1s adapted to complete
a maintaining circuit for its operating wind-
ing. In practice, the master switch may be
of any preferred construction according to
the functions which 1t 1s required to per-
form.

[

As 1illustrated, the master switch com-
prises a series of contact fingers 10, 11, 12,
13 and 14, a series of contact fingers 122, 13*
and 142, and two sets of contact segments

tarranged to be moved simultaneously in

either direction into engagement with said
sets of contact fingers. The segments of the
left hand set I shall designate as 10°, 11>, 12°
and 13°, and those of the right hand set as
10°, 11°, 12¢ and 14°. The segments of each
set are electrically connected to one another.
The master switch illustrated 1s arranged
to control the circuits of both the main
switch 2 and the relay switch 3, and also the
direction of operation of the motor m a
manner to be hereinafter set forth.

For protecting the motor against abnor-
mal conditions in the primary circuit there-
of, I have shown overload switches 18 and
19 provided with operating solenoids 20 and
21 respectively, which are connected 1n dit-
ferent phases of the primary circuit of the
motor. Of course, the number of overload
switches may be varied as desired. The
overload switches, as will be herematter
more fully set forth, are adapted, upon re-
sponding, to cause the deénergization of the
relay switch 3, which, in turn, causes the de-
energization of the main switeh. The
overload switches may be arranged to also
directly deénergize the main switch 1n addi-
tion to the relay switch if desired.

In the secondary circuit of the motor are
connected two sets of resistances R and R,
each set containing a plurality of sections
of resistance, one for each phase of the sec-
ondary circuit. The sets of resistances R
and R’ are arranged to be controlled by
electroresponsive resistance swifches 24 and
25 respectively. Fach of the switches 24 and
25, when closed, shorteircuits its correspond-
ing set of resistances. Ior preventing too
rapid removal of resistances from the sec-
ondary circuit, I have shown relay switches
27 and 28 arranged to control the operating
windings of the resistance switches 24 and
95 respectively. Iach of the relay switches
is provided with a plurality of operating
windings connected in different phases of
the secondary circuit. The resistance switch
24 is provided with auxihary switches 30,
31 and 32. These auxiliary switches are so
arranged that when the switch 24 1s open,
the auxiliary switches 31 and 32 are closed
while the switch 30 is open. Upon closure
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of the switch 2 24, the auxiliary switch 30 is

closed and the other two auxihary switches
are open. In practice, switch 30 would be
arranged to close prior to the opening of
SWltches 31 and 32. The resistance switeh
25 1s provided with auxiliary switches 33
anc 34. These auxiliary switches are so
arranged that when the resistance switch 25
1s open, the switch 34 will be closed and the
switch 83 open, and when the switch 25 is
closed, the switch 33 will be clesed and the
switch 34 opened.

L shall now describe the operation of the
controller illustrated, at the same time set-
ting forth the circuit connections therefor,
assuming that current is supplied from 2
three phase alternating current supply ecir-
cult havine main lines 35, 36 and 37. To
close the primary circuit, 1t is necessary to
move the master switch in one direction or
the other according to the direction in which
1t 1s desired to operate the motor 1. Assume
that the master switch 1s moved to bring the
left hand set of contact segments into en-
gagement with the right hand series of con-
tact fingers, and the 110ht hand set of seg-
ments into enﬂaﬂement with the left hand
set of contact ﬁnﬂers Circuit will first be
closed from main line 36 of the alternating
current supply circuit to contact finger 12
thence to contact segment 12" and contact
seoment 10" to contact finger 10, by con-
ductors 39 and 40, thlolwh the ELU\III&IY
switches 84 and 32 of resistance switches 93
and 24 respectively, by conductor 41, through
the operating Wmdmv of relay switeh 3,
through a protective Tesistance 49 by con-
ductor 43, through the overload switches 19
and 18, b}? concuctor 44 to main line 37.
The operating winding of the relay switch
3 1s thereby connect »d across one phase of
the supply circuit and will respond to close
the contact members 8 and 9. Closure of
the contact member 9 completes a circuit
from main line 36 by conductor 45, through
resistance 46 and switch 9, and  thenee
through 1ts opel ating winding to main line
37 as ah*eady aced. The resistance 46 is
so designed as to further protect the oper-

ating winding of switch 3 after the same has

1e5ponded. Tnitial movement of the master
switch, therefore, causes the relay switch to
respond and to establish a malintaining cir-
cult for its opemtmo winding 111(:1epend nt
of the master controller. To cause the main
switch to respond, it is necessary to move
the master switch another step in the same
cirection to cause the contact segment 11* to
engage the contact finger 11. “This move-
ment of the master switch disenga oes the
contact 10* from the contact finger 10 there-
by opening the initial energizing civenit of
the relay switch. Move ement of the master
switch to the position just mentioned, com-
pletes a circuit as already traced, to contact

~switeh to mamn line 36.

097,224

segment 12°, thence to contact segment 110
and  contact fnger 11, by conductor 47,
throueh the opemtmﬂ windine of main
switch 2, by conductor 48 through the con-
tact member 8 of the relay 5W1tch 3, to con-
ductor 43, and thence to main line 37, as
alreacy traced. This conects the ope 1rat-
ng winding of the main switch 2 across one
phaSL of the supply circuit, thereby causing
said switeh to respond. Closure of the main
switch under these conditions connects the
primary of the motor to the supply civeuit
n the following manner: Contact member
5 of switch 2 connects main lime 37 to the
middle terminal of the motor, contact mem-
ber 6 and the master switeh connect main
Ime 35 to the right hand terminal of the
motor, while the Teft hand terminal of the
motor is connected through the master
The motor i1s thus
started with all of the resistance connected
1n the secondary circuit thereof. However,
upon closure of main switch 2 2, the auxi Lny
switch 7 thereof completes a civenit from
main hine 35 through the master sw itch and
contact member ¢ of main switc 1 2, by con-
cluctors 50 and 51, through auxiliary switeh
31 of resistance switch Oi by' conductor 52,
through the relay switeh 28, by conductor
53, tthUOh the operating Wmdmﬂ of 1(31%
ance switch 25, by conductors 54 and 5
through the auxiliary switch 7, of nmin
switeh 2, and thence by conductor 44 to
main line 37. This causes the switch 25 to
respond, mb]ect to the action of the relay
switch 28, to shortcivenit the resistance sec-
tions R’ from the motor circuit.  Upon clo-
sure of resistance switch 25, the auxiliary
switch 33 operated thereby umlplotus Q- ClI-

uit from conductor 50, by conductor 56,
through the relay %‘s‘i"lt(‘h 27, by conductor
57, thmmh the auxihiary switch 33 of re-
sistance switch 25, by conductors 58 and 59,
through the opemtnm winding of resistance
switeh 924, to conductor 35. This connects
the opelutmn winding of resistance switeh
24 1n parallel to the Upt,mtmﬂ winding of
resistance switch 25, thereby causing the
vesistance switch 24 to respond, sub]mt to
the action of the relay switch 27, to short-
circult resistance . Upon (:105111(, of switch
24, the auxiliary switch 31 is opened, there-
bjf deénergizing switch 235.

With the ‘llldl‘iﬂenl{?‘llt thus described, it
will be seen that the main line switch con-
trols the operation of the resistance switches,
and, therefore, the resistance switches can-
not 0pu ate untﬂ the mam switeh is closed.
Conversely opening of the main switch, or
move specifically, opening of the U\lhdlY
switch 7 thereof, will cause deénergization
of the resistance switches. This arrange
ment establishes an electrical interlock be-—
tween the main switch and the resistance
switches. It has previously been explained
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that the imitial energizing circuit of the |

relay switch is completed through the aux-
iliary switches 34 and 32 of resistance
switches 25 and 24 respectively, which aux-
iliary switches are open when their corre-
sponding vesistance switches are closed.
Consequently, these auxiliary switches form
an electrical interlock, which prevents ener-
oization of the relay switch, unless the re-
sistance switches are both open. 1t has
further been explained that the circuit of
the operating winding of resistance switch
25 13 completed through the auxihary switch
31 of resistance switch 24, which auxiliary
switch 1s opened upon closure of said re-
sistance switch 24. This auxiliary switch,
therefore, forms another electrical iterlock
necessitating deénergization of the resistance
switch 24 prior to energization of the re-
sistance switch 25. The purpose of these
interlocks will be apparent to anyone skilled
in the art, and, briefly stated, 1s to isure
cperation of the switches in a definite se-
quence; or, in other words, to prevent any
of the switches responding out of turn,
thereby endangering the motor. All of the
switches having now responded, 1t will be
seen that the motor will be brought up to
normal speed. If, now, at any time, while
the motor is in operation, an overload occurs
in any phase of the primary circuit, one of
the overload switches will respond, thereby

interrupting the maintaining circuit of the

relay switch 3, which thereupon opens and
in turn opens the circuit of the operating
winding of the main switch 2. Main switch
2 13 consequently deénergized, and, i turmn,
disconnects the motor from circult and si-
multaneously deénergizes the resistance
switch 24. Of course, upon opening of the
motor circuit, the overload switches would

be deénergized and return to closed position.

it has been previously explained, however,
that upon movement of the master switch
to energize the main switch, the energizing

circuit of the relay switch 8 is opened, and,

consequently, reclosure of the overload

switches cannot cause reénergization of the

relay switch 8. Consequently, both the relay
switch 8 and the main switch 2 will remain

cen until the master switch 1s returned to
bring the contact segment 10" into engage-
ment with the contact finger 10, whereupon

the relay switch 3 will again respond. In

moving the master switch 4 to this position,
the same opens the energlzing circuit of the
main switch 2, and, consequently, said main
switch cannot be energized untii the master

switch is again operated to bring the con-

tact segment 11° into engagement with the
contact finger 11, which, as before explained,
opens the energizing circuit of the relay
switch 8. It will thus be apparent that after
the main switch has been tripped by the
overload devices, the master switch may be

a

brought back to initial position without
again reénergizing the main switch, or 1t
may be operated to energize the main switch
a5 desired. Not only will the overload de-
vices operate to deinergize the relay switch
3, but said relay switch 3 will also be de-
energized upon failure of voltage. Thus
the motor will be fully protected both upon
overloads and failure of voltage. Upon
movement of the master controller m the
onposite direction, the several switches oper-
ate in the same manner as previously de-
seribed.  However, the circuit connections
of the primary of the motor are changed.
Under these conditions the left hand ter-
minal ef the motor 1s connected through the
master switch to main line 35, while the
rieht hand terminal is connected to main
line 36. These connections cause the motor
to operate in an opposite direction to that
previously set forth.

Having thus described my invention, what

I desire to secure by Letters Patent, 1s:—

1. In a circuit controller, in combination,
an automatic switch, a second automatic
switch adapted upon opening to cause said
first mentioned switch to open, a master con-
troller movable to one position to cause the
second switch to close and movable to an-
other position to cause the first switch to
close, said second switch being incapable of
closing when the said master controller 1s mn
said second position.
- 2. In a circuit controller, the combination
with an electroresponsive main switch, of an
electroresponsive auxiliary switch adapted,
when deénergized, to cause deénergization
of said main switch, an overload switch
adapted to respond to deénergize said aux-
iliavy switch, and circuit connections for
preventing reénergization of sald auxihary
switch upon return of the overload switch to
normal position. |

3. In a circuit controller, in combination,
an electroresponsive switeh, a second electro-
responsive switch responsive only when said
first mentioned switch is closed and adapted
to be deénergized when said first mentioned
switch 1s open and a master switch movable
first to one position to cause said first men-

tioned switch to respond and then to an-

other position to cause said second mentioned
switch to respond, said first mentioned
switch being unresponsive when said master
switch is in sald second position.

4. Tn a circuit controller, the combination
with an electroresponsive main switch, of an
electroresponsive auxiliary switch adapted,
when deénergized, to cause deénergization
of said main switech, and an overload switch
adapted to cause deénergization of said aux-
iliary switch, said auxiliary switch being
adapted to maintain its own operating wind-
ing dednergized after the return of said

" overload switch to normal position.
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In a circuit controller, in combination,

an e]ectmresponswe matin SW1tCh an electro-
responsive auxiliary switch fl,dapted when

deénergized, to cause deénergization of said
main SWltCh and a master switch separately
controlling both of said electroresponsive
switches, and acdapted, upon energizing said
main switch, to render said auxﬂnry Switch
ineffective to respond after it has once been
cleénergized. |
6. Tn a circuit controller, 1n combination,
an electroresponsive main sw1tch, an electro-
responsive auxiliary switch connected in cir-
cuit with the operating winding of said main
switch, and a master switch Tmovable into
different positions to successively energize
sald auxiliary switch and said main SW’ltch
and, upon energizing said main switch, to
render said auuhqry switeh ineffective to
1espond after 1t has once been deénergized.
In a circuit controller, in eombmatlon
an electrm '‘esponsive main SWltch,, an electro-
responsive auxiliary switch in circuit with
the operating winding of said main switch.
said auulmly S‘mtch upon responding, be-
mmg adapted to establish a maintaining cir-

cuit for its operating winding, and a master

switch for successively enerowmo sald aux-
iliary switch and said main swzttch and
adapted, upon energizing said main switch,
to open the energizing cirenit of said auxil-
lary switch.

8. In a circuit controller, in combination,
an electroresponsive main sw1tch an electro-
responsive auxiliary switch fl,dfl,ptea, when
decnergized, to cause deénergization of said
main swﬂch, a master switch for successively
energizing sald auxiliary switeh and said
nain sw1tch, and adapted, upon energizing
said main switch, to render said wuulmy
switch ineffective to respond after it has once
been dednergized, and means responsive to
abnormal condmons 11 the circuit controlled
by said main switch for deénergizing said
auxiliary switeh.

9. In a crcuit controller, in combination,
an electroregponsive main s*mtchj an electro-
responsive auxiliary switch adapted, when
cleénergized, to cause deénergization of said
main sy *1tch, an overload switch adapted to
respond to deénergize said auxiliary switch,
and a master %Wltch controlling said main
switch and said auxiliary switeh and adapt-
edd, upon energizing said main switch, to
render said %mﬂmw switch ineffective to
again respond after the overload switch re-
turns to normal position.

10. In a circuit controller, in combination.,
an electroresponsive main sw1tch, an electro-
responsive auxiliary switch adapted, when
cleénergized, to cause deénergization of said
main sw*ltch, sald aumhary switch being

007,224

adapted, upon responding, to establish a

maintaining circuit for its operating wind-
ing, a master switch arranged to open the

energizing circuit of said auuhaly switch
upon energizing said main switch, and an
overload switch connected in the maintain-
1ng circult of said auxiliary switch.

11. Tn a controller for alternating current
motors, 1n combination, an electroresl:)onswe
main switch for controllmﬂ the primary
circuit of the motor, electlolcsponswe aC-
celerating switches ior the motor, means
necessﬁatmg operation of the main switeh
and accelerating switches in definite se-
quence, an electror esponsive auxiliary switch
adapted, when deénergized, to cause deéner-

g1zation of said main 5W1tch,, a master switeh-

controlling said main switch and said auxil-

1ary Sw itch and adapted, upon energizing
saxd main switch, to render said auulmw
switeh ineffective to respond after it has
once been deénergized, and means responsive
to abnormal conditions in the motor circuit
to deénergize said main switch.

12. In a controller for alternating current
motors, in combmatmn, an electrore "esponsive
main switch for controlling the primary cir-
cuit of the motor, electrore esponsive accel-

erating switches for the motor arranged to

be deéner gized upon dedénergization of said
main swnzch an e. ectlolesponswe auxiliary
switch fldflpted when deénergized, to cause
deénergization of said main SWltch a master
switeh controlling said main switeh and ATX-
iary switch anid acdapted, upon energizing
sald main switch, to render said %Lulhaw
switch ineffective to respond after 1t has
once been deénergized, and an overload
switch responsive to abnormal conditions in
the motor circuit for causing deénergization
of said auxiliary switch.

13. In a circuit controller, in combination.
an automatic main switch, a no-voltage device
adapted when de¢nergized to cause said main
switch to open, said main switch being capa-
ble of closing only when gaid no- VOH‘IOB de-
vice 1S ener leed and a master controller
movable first to one position to energize
sald no-voltage device and then to another
position to cause said main switch to operate,
sald no-voltage device being anresponsive
upon restoration of voltage while said mas-
ter controller 1s in 1}051’(1011 to cause opera-
tion of said main switch. |

In witness whereof, I have hereunto sub-
seribed my name 1n the presence of two wit-
nesses.

CHARLES W. YERGER.

Witnesses:
Warrer C. KeNNEDY,
Fraxx ©. Husparp.

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
Washington, D. C.”
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