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To all whom it may concern:

Be it known that I, Jay H. HaLr, a citi-
zen of the United States, residing at Cleve-
land, in the county of Cuyahoga and State
of Ohio, have invented new and useful Im-
provements in Electric Controllers, of
which the following is a specification.

My inventiQ] tes to improvements in
that type of electric controllers known as
series-parallel controllers, in which a series
of individually operated switches are em-
ployed to control the speed of the motors,
and particularly that type in which the clo-

sure of certain switches is governed by relays

controlled by the motor circuit.

The objects of my invention are (1) to
provide a system of control by which the
resistance may be cut out of a motor circuit
to start the motor by means of magnefically
operated switches, the closure of which 1s
governed by relays controlied by the current
flowing in the motor circuit, and also gov-
erned gt will from a master switch: (2) to
provide an interlock by means of which a
circuit-closing switeh in a motor control sys-
tem cannot close if any of the resistance
switches or relays governing them is closed:
and (8) in a series parallel controller to pre-
vent the change from series to parallel wien
any of the resistance controlling switches or
relays is closed.

Referring to the accompanying sheet of
drawing which shows diagrammatically the
preferred form of my invention, A is the
armature of one motor, and F the series field
thereof. R’, R? and R? are sections of re-
sistance for the said motor. The armature
of the other motor is shown at AA. and the
The resistance
sections RR?, RR2 and RR’ form a rheostat
for the motor AA. These sections of ve-

_sistance are governed in groups of twao by

the magnetically operated switches 8, 52
and 8%, which are provided with the actuat-
ing windings &', #%, and &?, respectively. One
end.of the windings &" is counected to the
finger m* of & muster-controller M and the
other end iy connected to the lower bridg-
ing tece of the awitech 83 ohe end of the
winding #? is connected 1o the finger m® of
the master-contioller, while the other end
ir connected to ¢ contnet of a relay T the

' to the

other contact of which is directly connected
to the negative; one end of the winding s*
is connected to the finger m® of the master
controller, and the other end is connected to
a contact of a relay T%, the other contact of
which is directly connected to the negative.

The operation of the switches 8, 52, 8% is
governed independently of the master con-

troller by the relays T’, T%, and T2 'The
operating winding ¢, of the relay T is In

the circuit of the motor A, in series with all
the rheostat, and is in circuit all the time the
motors are in operation. The operatiug
windings #* and & of the relays T? and T¢
are connected in series in a circult connected
on the one hand to the lower bridging pieces
of the switches S? and 3% and on the other
to the left-hand contaet of the velay T
The lower terminal of the winding #* is also
connected to the lower bridging piece of the
switch 8”. The contacts of the relays T? and
T¢ which are not connected to sither wind-
ing s or s* are connected together and to the
negative,

The velays T7, T2 and T* are of the tvpe
of switches described 1n Harry Ro Canfield’s
applieations, Serial Number 583.000, filed

Septeniber 21, 1910, and Serial Number €

804,331, filed January 23, 1911, and 1n Kast-
wood’s Patent, No. 1,040.292, oranted Octo-
ber 8,1912. In these applications and in this
f)atem’, particularly in Fig. 2, the switches

wve the peculiar characteristic of locking ¢

open when the current in their cperating
windings is above a predetermined valueand
of operating when the cur eut dinrinishes to
that value.

A series switeh and a .
ilustrated, respectively, at s aund P. Thewr
respective actuating windings s and p have
one end connected o a common wire leading
to the negative: the other end of the winding
8 is connected to the finger m*, and the other
end of the winding » is connected to the
finger m® of the master-contrvoller. The
switches S and P are provided with a me-
chanieal interlock J and with a Jocking cir-
cuit. This locking cireuit is traced from the
1)(mitive through the magnets K? and K’. a
imiting resistance r, and thence is connected,

gridging pieces of relavs T? and T,
and also to the terminal ¢ through s re-
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sistance »’, that is, to the lower bridging

pieces of the switches 87, 82, and 83 The
purpose of the resistance »” is to avoid a

- short circuit around the windings #, ¢%, and
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relay 1% to the negative.

¢’ through the bridging piece of either relay
T3 or T2
The master-controller M 1s of the drum

type. The finger ./ is connected to the
positive. By moving the master-controller

the motors ave first connected in series and
the speed regulated, and then in parallel with
further regulation of speed.

The operation of this controller is as fol-
Iows: Aussuming that the drum of the master
controll:r is moved to bring the row of fin-
gers to position 1, a circuit 1s established
from tI  positive through the fingers m’, m?,
and the winding s to the negative. The se-
ries switch S will then close its contacts,
wherenpon the motor circuit is established as
follows: from the positive through the arma-
ture AA, the field FF, the resistances RR?,
RR?, RR’, the contacts of the switch S, the
armature A, the field F,the resistance~ R3, R2,
R’, and the operating winding ¢” of the velay
T, to the negative. The two motors are con-
nected in series with all the resistances in
circuit. If the operator waits long enough,
the acceleration of the motors will cause the
current in the motor circuit to decrease to
that value at which the relay T’ is adjusted
to operate. Then the relay T’, which had
been locked open by the first rush of cur-
rent, will close its contacts. When the op-
erator turns the master-coutroller to bring
the fingers to the position 2, a circuit is es-
tablished from the positive through the fin-
gers o’ and mt, the winding s of the
switch S, the winding #* of the relay T2, the
contacts of the relay T, and the winding ¢’
thereof to the negative. The winding of the
switch S8’ being energized will close its con-
tacts, thereby short-circuiting the resistance
sections R and RR’ simultaneously and
conpecting the operating winding #° of the
retay T? 1n serics with the winding ¢ in the
notor cireuit.  Owing to the rush of cur-
vent, the relay T2 will lock open until the
mators aceelerate sufficiently to cause the
current to decrease to that value at which
the relay T? is adjusted to operate, where-
upon the said relay will close its contacts.
If now the operator brings the master-con-
troller to the third positicn se that the
brushes ceme on line 3, another operating
cirenit is established from the postive
through the fingers w” and m?%, the winding
s? of the switeh 82, and the contacts of the
The switch 82
will close its contacts, thereby short-civenit-
ing the resistunce sections R# RR* <inwlta-
neously and connecting the operating wind-
ing £ of the relay 1% in series with the wind-
igs 72 and 0 The relay 17 will lock open
titt the curvent in the motor cirentt has de-
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creaged to that value at which said rveiny is
adjusted to operate, wheveupon it will Inse
its contacts. Finally, bringing the master
controller to the fourth position completes
an operating circuit from the positive
through the fingers m’, m¢, the winding s*,
and the contacts of the relay 1% to the nega-
tive. Consequently, the switch &* will
close its contacts, thereby short-circuiting
simultaneously the last two sections RR®
and R? of the starting resistance and con-
necting the motors in series directly across
the line. In these conditions the motor cir-
cult is traced as follows: from the positive
through the armature AA and the field F¥
of one motor, the upper contact of the switch
53, the contact of the series switch S, the
arimature A and the field F of the other mo-
tor, the lower contact of the switch 82, and
the windings #2, ¢, ¢’ to the negative.

It will be seen that, however rapidly the
operator moves the mwaster controller from
position 1 to position 4, the winding 5" of
the switch S” cannot be energized until the
relay T’ closes its contacts; that the wind-
ing ¢* of the switch S? cannot be energized
until the relay T? closes its contacts, and
that the winding ¢® cannot be energized
until the relay T?® closes its contacts. More-
over, as the relay T? can operate only after
the relay T’ has operated,, and as the yre-
lay T can operate only after the relay T°
has operated, it follows that the switches 87,
S? and S always close their contacts in a
predetermined sequence independently of
the rapidity with which the master con-
troller is moved.

The locking circuit is estublished ay soon
as the relay 17 closes itx contacts, current
flowing from the positive through the wind-
ings K2, K’, the resistance s, the resistance
7’ the terminal ¢, the windings %, 7. the
contacts of the relay T, and the winding ¢’
to the negative. This current encrgizes the
magnets K* and I’ Kach magnet when en
ergized is strong enough to prevent the «p
eration of its respective switch, hut v un
able to force it open after it s operated.
Therefore, the parallel switeh which has
heen already 1(1('?{0«1 in open position by the
interlock J will he posttiveiy held in the
sald position by the magnet 2 1f the re
sistance » were- omitted, n dirveet path to
ground for the motor cirenit would be had
through the terminal ¢, the bridging picees
of the velays 1% and T¢ and the contacts
thercof, thereby short-civeuiting the oper-
ating windings of all the reluys and start-
ing a pumping action. :

The next step s to conneet the motors in
parallel.  To do this the mader controller
ix moved so ax to bring all its fingers on the
line 5. Before the master controtler veaches
this position, the switches 8, 82 8% and =
ave deénergized and should drop to the npen
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position. The switches 3, 82, and S* in
dropping reinsert all the resistance sections
in circuit, and the swilch S in dropping
opens the motor circuit, whereupon the re-
lays T’, T2, and T® will be deénergized and
will open their contacts, thereby opening the
actuating circuits of the resistance control-
ling switches. . _ ..
The winding p of the switch P is already
energized, current flowing from the positive
through the fingers m’, m® and the winding
p to the negative, but the switch P cannot
close its contacts so long as any of the re-
lays T’, T2, T%, or the switches 8§, 8%, S°
is closed, because current flows in the locking
circuit. The circuit is easy to trace if any
of the rclays T”, T%, or T® remains closed.
If a resistance switch, say S° sticks to the
closed position, or is slow in opening, the
locking circuit is completed from the posi-

tive through the windings K? and X, the

resistance 7, the resistance 7', the point ¢,
the lower contact of the switch S?, the re-
sistance R2, R’, and the winding ¢’ of the re-
lay T” to the negative. - Therefore, the mag-
nets K2 and K’ are energized, and the switch
P and also the switch S are locked in the
open position. If the switch S’ stays closed
the locking circuit is traced as before to the
point ¢, thence through the winding #, the
lower contact of the switch S, the resistance
R’, and the winding ¢’ to the negative. The
magnets K? and K’ are again energized and
the switches P and.S are locked in the open
position. .

Assuming that the switch S, the resistance
switches, and the relays have opened their
contacts, the locking circuit is deénergized,
and the parallel switch P will close its con-
tacts, connecting the motors in parallel, each
in series with the resistances composing its
vheostat. The motor circuit is as follows:
One branch is from the positive through the
armature AA, the field FF, the resistances
R RR2 RR’, and the lower contact of the
switch P to the negative; the other-branch
is from the positive through the upper con-
tact of the switch P, the armature A, the
field 1%, the resistances R? R? R’, and the
operating winding ¢’ of the relay T’ to the
negative. Again, when the current in the
‘winding ¢ falls to the value at which relay
T’ has been adjusted to operate, the said re-
lay will close its contacts. To increase the
speed of the motors the operator turns the

‘master -controller to the next position, so

that the row of fingers comes on line 6,
which establishes the circuit through the
winding §’, as explained previously, where-
upon the switch 8’ closes its contacts, short-
circuits simultaneously the resistance R’ in
the cireuit of the motor A and the resistance
RR’ in the circuit of the mofor AA, and
connects the operaling winding #* of the re-
lay T? in the circuit of the motor A. The

|is completed and the switch $* will close

8

sudden rush of current due to the short-
circuiting of the resistance sections R’ and
RR’ locks open the relay T® till the current
in the circuit of the motor A diminishes to
that value at which the relay ¢ has been ad-
justed to operate. At that moment the re-
lay T2 will close its contacts.  If now the
operator moves the master controller to the
position 7, the circuit through the winding
§* is established and the switch S* will close
its-contacts and short-circuit simultaneously
the resistance section R? in the circuit of the
motor A, and the resistance section RR? in
the circuit of the motor AA. The operation
of the switch' §? also connects the winding
£ of the relay T? in series with the windings
# and ¢ in the circuit of the motor A. The
sudden inecrease of the current will ‘cause the
relay T¢ to lock open until the current falls
to that value at which the said relay is ad-
justed to operate. Then the relay T® will
close its contacts. If, finally, the operator
brings the master controller to the last posi-
tion 8, the circuit through the winding s°
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its contacts and short-circuit the two last

sections R* and RR? of the starting resist-
ance. The operation of the switch S* also
connects the two motors in parallel, directly
across the line. The motor eircuit is then as
follows: One branch is traced from the posi-
tive through the armature AA, the field FF,
the upper contact of the switch S and the
lower contact of the parallel switch P to the
negative; the other branch is traced from 309
the positive through the upper contact of

the switch P, the armature A, the field F,

the lower contact of the switch S?, the wind-

ing £ of the relay T3, the winding ¢* of the

relay T2, and the winding ¢’ of the relay T" 105
to the negative. )

The operation of the switches 8’, 8*, and
S% is controlled, when the motors are con-
nected in parallel, by the current in the cir-
cuit of the motor A, since the switch 8" can- 110
not operate before the relay T’ has closed
its contacts, the switch S? cannot operate
before the relay T2 has clesed its contacts,
and the switch S* cannot operate before the
relay T? has closed its contacts. The relays 115
T’, T2, and T? do not close so long as the
current in the circuit of the motor A is above
a certain predetermined limit. Consequently,
no matter how rapidly the operator moves
the master-controller from position 5 to po- 190
sition 8, the resistance controlling switches
will always operate in a predetermined se-
quence. ) ) ,

When the relay T’ closes its contacts, the
locking circuit is energized and the magnet 125
K’ locks the series switch S in the open po-
gition, the ssid switch being already main-

95

tained in that position by the interlock J.

To stop the motors, the master controller
ia(xfetumed to the off position which causes 189
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ail the switches to be deénergized and to
open their contacts and the motor circuit to
be opened at the switches S and P.

If any of the resistance switches stays
closed, current will flow through the locking
circuit as explained in the series running of
the moters; and if one of the relays fails to
open, the locking circuit. will be closed
through the bridging piece of the said reiay.
In both cases the two switches S and P will
be locked in the open position by the mag-
nets K’ and K3 respectlvely, and further
operation of the controller is prevented until
the trouble has been remedied.

It will be noticed that the operating wind-
ings of the relays T’, T?% and T® are always
connected in one motor circuit only, which

insures that they operate at the same value

of current whetherthe two muotors are con-
nected in series or in parallel.

It will be readily understood by those
skilled in the art that the number of resist-
ance controlling switches may be greater or
less than three. In case it is desired to
add another switch another relay such as T*
is provided for governing the operating cir-
If only two switches
are needed, the switch S? and the relay T*
are suppressed and the upper terminal of
the winding £ is connected to the left-hand
contact of the relay T".

It will be-also understood that reversing
switches may be provided, magnetically op-
erated or otherwise.

In the case of magnetically operated re-
versing switches, the locking circuit may be

“provided with extra magnets, such as K’
cand K3

the function of which will be to
insure a wroper electrical interlock for the
reversing switches.

My invention may also be applied to the
control of a single motor, as can be readily
understood by considering the operation of
the motor with armature A in connection
with the switch S and the first four posi-
tions of the master controller, omitting the
other motor and the switch P. In that case
(m]v tue lower contaects of the switches S,
52 5% and the resistances controlled there-
bv need be considered in addition to the

relays. The Yacking circuit will remain un-
changed s The sw itches 5,87, 8% and §° can

now be vonsidered as a series of switches for
controlling the civcuit of the motor A, the
switch 8 being a main switch.

I elim—

1. in a series parallel controller, two re-
sistances, means for connecting them in
series anud in parallel, switehes for control-
ling the Cesistances, actuating eircuits there-
for, indwidual reiavs for ‘controlling - the
clostive of the respective eiveuits, .md op-
erating windings therefor energized by the
current through one of the resistances.

I a series parallel coufroller, two re-

1,053,503

sistances, means for connecting thew in

‘series and in parallel, switches for control-

ling the resistances, actuating circoits for
the switches, contactq in the civeuits, 1e1av>
for closing the contacts, and operatm(r winda-
ings therefor euexgucd by the current
through cne of the resistances.

3. In a system of electric. control, two
motors, a resistance for each motor, switches
for controlling the resistances, an actuating
circuit for each switch, a relay for closing
each of the c¢ircuits, an operating winding
for each relay energized by current in one

¢

motor circuit, and means for connecting the

motors in series and in parallel.

4. In a series parallel controller, two re-
sistances, means for conneeting them in
series and in “parallel, swiiches for control-
ling the resistances, actualing circuits there-
for, and relays 1d'1pted to control the closure
of the circuits and including actuating wind-
ings in the circuit of one resistance, the re-

lays adapted’ to lock their contacts open .

when the cucrent in their windings is above
a certain value md to cloge their contacts
when the curvent is reduced.

5. In a motor control systeni, two motors,
a tesistance for each motor, means for con-
necting the motors in series and in parallel,
switches for controlling the resistances, an
actuating cireuit for each switch, contacts
for controlling the closure of -the said cir-
cuits, an operating winding energized by
current i one motor. circait for elosing the
sald coutacts and comnecting the ()[)L]‘ltlll”‘
winding of the next succeeding contacts iu
the said motor circuit.

6. In a motor control system, two motors,
a series of resistances for eacly motor, means
for connecting the niotors in serics "and in
parallel, switches for controlling simulta-
ncously the two series of resistances; an ac-
tuatm(r cirenit for each switeli, u relay con-
tmllmg the closure of the said circuit, and
including an operating winding for closing
the rcl‘w energized by curvent in one motor
circuit, the l'LIﬂV adapted to lock ifs coutacts
open when the current in its winding 1s
above a certaini value and to close thie con-
tacts when the current is reduced. aud cou-
tacts for connecting the ope rating winding
of the next suc&eedmﬂ' relay in the saidl
niotor ‘circuit.

7. In a series parallel controller, two re-
sistances, switches for conneeting them in
series and in parallel, switches for control-
ling. simultaneously the two resistances, ac-
tu.mng cirenits therefor, relays for control-
ling the closure of said circuits, and a lock-
ing circuil ener gized when any of the ve-
stslnncc controthng S\\'l((‘]l('\ « any of the
circuit-controlling velays is viosed, for pu-
venting the oper: ation of the series parallel
connecting switehes.

8. Tn 2 motor eontrol system, (wo n:otors,.

&c

.t
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switches for connecting them in series and
in parallel, resistances for each motor,
switches for controlling the resistances, ac-
tuating ¢ircuits therefor, contaets for con-
trolling the closure of said circuits, and a
locking circuit energized when any of the

- resistance switches or any of the circuit con-
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trolling contacts is closed, and controlling
magnets in the locking circuit for prevent-
ing the operation of the series parallel con-
necting switches. ‘

9. In an electric controller, the combina-
tion of a series of switches, each having
main contacts and an actuating winding,
a master switch for controlling the wing-
ings, relays associated with certain switches
having contacts in the circuit of the wind-
ing of the swiich next to close, windings for
the relays arranged to be successively con-
nected in the controlled circuit by the clo-
sure of the main contacts of the said
switches, and a locking circuit for prevent-
ing the closure of the first switch of the se:
ries if the contacts of any of the relays or
any of the said switches are closed.

10. In an electric controller, a cireuit, a
series of resistances, a series of switches for
controlling the resistances, relays associated
with certain switches for controlling the
windings of the said switches, windings for
the relays connected in said circuit and &r-
ranged to be energized by the successive
closure of said switches, and a locking cir-
cuit for preventing the closure of the first
switch of the serles, if sny of the said
switches or relays is in its operated posi-
tion.

11. In an electric controller, a main
switch, a series of switches each having
main contacts and an actuating winding,
relays associated with certain of sal
switches having contacts in the circuit of
the winding of the switch next to close,
windings fer the relays arranged to be con-
nected in the cuntrolled cireuit by the clo-
sure of the main coniscis of the said
switches, and o locking cwwcuii for prevent-
ing the closnie of the muin switch ener-
gized by the closure of the said contacts of
any of the said switches in the series. |

12. In 'an electric coniroller, a main
switch, & series of switches each having
main contscts and an actuating winding,
relays associsted with certain of said
switches having contects in the circuit of
the winding of the switch next to close,
windings for the relays avranged to be con-
nicted in the conirolled circuit by the
closure of the main coniacts of the said
switches, the said windings locking the re-
lays open when ihe curvent:-therein is above
s predetermined value and operating thém
when the current is reduced, and ;nfocldng

S

circuit for preventing the closure of iz
main switch energized by the closure of the
said contacts of any of the relays.

13. In an electric controller, 2 motor, a
circuit therefor, a main switch for closing
the said circuit, a plurality of resistances
for said circuit, a plurality of switches for
the resistances adapted to close in a pre-
dgtermined order, a relay for each resistance
switch for controlling the winding thereof,
and a locking circuit for the main switch
energized by the closure of any resistance
switch or any relay. )

14. In 2 motor control system, a motor, a
switch for connecting the motor to a source
of supply, resistances for the motor,
switches for controlling said resistances,
actuating circuits therefor, relays for con-

trolling the closure of said circuits, and a

locking circuit energized when any of the
resistance switches or any of the circuit-
controlling relays is closed, said locking cir-
cuit embracing the windings of magnets for
reventing the operation of the circuit-clos-
ing switch. .
15. In an electric control system, a cir-
cuit to be controlled, a series of resistance-
controlling switches, a relay provided for

ing, the contacts of each switch in closi
energizin%; the winding of the relay whic
controls the closure of the next resistance-
controlling switch to operate, and connec-
tions whereby one of the relays in closing
conneets to the controlled circuit a contact
of -at least one of the resistance-controlling
switches. .
16. Tu an electric control system, a cir-
cuit to be controlled, a series of resistance-
controlling switches, -operating  windings
therefor, relays having windings connected
in the controlled circuit by the switch which
precedes in operation, and connections
whereby the first relay in closing connects
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-each switch and having an actuating wind- -
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to thg,controlled circuit & contact of each of

the resistance-controlling switches.

17. In an electric control system, a cir-
cuit to be controlled, a series of resistance-
controlling switches, operating windings
therefor, relays having windings connected
in the controlied circuit by the switeh which
precedés in operation, connections whereby
the first relay in closing connects te the con-
trolled circuit a contact of each of the re-
sistance-controlling switches, and a control
circuit connected to the said contacts.

Signed at Cleveland, Ohio, this 26th day
of October, A. D. 1911,

JAY H. HALL.

Witnesses: .
R. H. Bexxerr,
H. M. Diemer.
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