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To all whom it may concern: 
Be it known that I, JAY H. HALL, 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 inventiqelates to improvements in 

that type of electric controllers known as 
series-parallel controllers, in which a series 
of El 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 he cut out of a motor circuit 
to start the motor by means of magnetically 
operated switches, the closure of which is 
governed by relays controlled by the current 
flowing in the motor circuit, and also gov 
erned at will from a master switch: (2) to 
provide an interlock by means of which a 
circuit-closing switch in a notor control sys 
tem cannot close if any of the resistance 
switches or relays governing them is closed: 
and (3) in a series parallel controiler ti) pre 
vent the change from series to parai et risen 
any of the resistance controlling switcies 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 fieid 
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, RR, and RR form a rheostat 
for the motor AA. These sections of re 
sistance are governed in groups of two by 
the magnetically operated switches S. S. 
and S', which are provided with the actuat 
ing windings s', ', and , respectively. One 
end of the windings ' is connected to the 
finger m of a master-controller M and the 
other end is connected to the lower' bridg 
ing E" of the switch '; the end of the 
winding ' is connected to the finger m of 
the master-controller, while the other end 
is connected to it contact of a relay T', the 
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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 S', S', S' is 

governed independently of the master con 
troller by the relays T, T, and T8. The 
operating winding t, of the relas' T is in 
the circuit of the motor A, in series wit}} :ll 
the rheostat. and is in circuit aii the iHe tie 
motors are in operation. The operatity 
windings t° and t of the relays i' and T 
are connected in series in a circuit connected 
on the one hand to the lower bridging pieces 
of the switches S and S8 and on the other 
to the left-hand contact of the relay f". 
The lower terminal of the winding f is also 
connected to the lower bridging piece of the 
switch S. The contacts of the relays T and 
T which are not connected to either wind 
ing s” or s” are connected together and to the 
negative. 
The relays T. T., and T are of the type 

of switches described in Iarry R. ('an field's 
applications, Serial Number 5S3.00, files! 
September 21, 1910. and Seria Nii:ier 
604.331 filed January 23, 1911, aid i !ast 
wood's Patent. No. 1,040,292, grantei ()et 
ber 8, 1912. In these applications and in this 
atent, particularly in Fig. 2, the switches 
have the peculiar characteristic of locking 
open when the current in their cerating 
windings is above a predeterniel valie and 
of operating when the cuis out dininishes to 
that value. 
A series switch and a , allel switc. are 

illustrated, resectively, a said i. ileir 
respective actuating wintli: is s and y, have 
one end connected to a common wire leading 
to the negative: the other end of the wilding 
8 is connected to the finger a)', and the other 
end of the winding is connected to the 
finger m” of the master-controller. The 
switches S and P are provided with a re 
chanical interlock J and with a locking cir 
cuit. This locking circuit is traced from the 
E. through the magnets K and K. a 
it." resistance r, and thence is connected ridging pieces of relays T and T. 
and also to the terminal 7 through it re 
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sistance r, that is, to the lower bridging 
pieces of the switches S', S', and S8. The 
purpose of the resistance r is to avoid a 
short circuit around the windings t, t', and 
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t' through the bridging piece of either relay 
T8 or T2. 
The laster-controller M is of the drum 

type. The finger me' is connected to the 
positive. By moving the naster-controller 
the motors are 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 

lows: Assuming that the drum of the master 
controll r is moved to bring the row of fin 
gers to position 1. a circuit is established 
from th positive through the fingers m, in', 
and the windings to the negative. The se 
ries switch S will then close its contacts, 
whereupon 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 R, R*, 
R', and the operating winding t' of the relay 
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-controller to bring 
the fingers to the position 2, a circuit is es 
tablished from the positive through the fin 
gers m and n, the windings' of the 
switch S', the winding t' of the relay T, the 
contacts of the relay T, and the winding t 
thereof to the negative. The winding of the 
switch S being energized will close its con 
tacts, thereby short-circuiting the resistance 
sectii is R and RR simultaneously and 
clinecting the operating winding ti" of the 
relay T in series with the winding t' in the 
motor circuit. Owing to the rush of cur 
rett, the relay T will lock open until the 

(;tors; accelerate sufficiently to cause the 
current to decrease to that value at which 
the relay T is adjusted to operate, where 
pon the said relay will close its contacts. 

If now the operator brings the master-con 
troller to the third position so that the 
brushes come on line 3, another operating 
circuit is established from the positive 
through the fingers m, and m, the winding 
s' of the switch S', and the contacts of the 
relay T to the negative. The switch S 
will close its; contacts, thereby short-circuit 
ing the resistance sections R", RR sini lilti neously and connecting the operating wind 
ing t' of the relay T in series with the wind 

rs f all t . The relay T' will lock op'n 
fle 'irrent in the lot o' circuit as de 
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creased to that value at which said reity is 
adjusted to operate, whereupon it will 'se 
its contacts. Finally, bringing the master 
controller to the fourth position completes 
an operating circuit from the positive 
through the fingers m', in", the winding 8", 
and the contacts of the relay T to the nega 
tive. Consequently, the switch S will 
close its contacts, thereby short-circuiting 
simultaneously the last two sections RR 
and R of the starting resistance and coll 
necting the motors in series directly across 
the line. In these conditions the motor cir 
cuit is traced as follows: from the positive 
through the armature AA and the field FF 
of one motor, the upper contact of the switch 
S8, the contact of the series switch S, the 
arinature A and the field F of the other no 
tor, the lower contact of the switch S, and 
the windings t, t”, t' to the negative. 

It will be seen that, however rapidly the 
operator moves the master controller from 
position 1 to position 4, the windings' of 
the switch S cannot be energized until the 
relay T closes its contacts; that the Wind 
ings of the switch S cannot be energized 
until the relay T closes its contacts, and 
that the winding s 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 re 
lay T can operate only after the relay T 
has operated, it follows that the switches S. 
S° and S always close their contacts in a predetermined sequence inleitendently of 
the rapidity with which the Inaster con 
troller is moved. 
The locking circuit is estallished as soon 

as the relay T closes its 't: It acts, current 
flowing from the positive tir igl tie wit (i- 
ings K*, K, the resistance the resist at 'e 
p' the terminal ty, the windings t', f. the 
contac's of the relay T', and the winding t 
to the negative. This current energizeslie 
magnets K and K. Fach magnet well 'll 
ergized is strong enough to revett the 
eration of its respective switch, it is till 
able to force it open after if its pe: t: 
Therefore, the parallel switch whici has 
been already in open position by the 
interlock J will ite positively held in the 
said position by the lagnet . If the 't'. 
sistance '' were omittel, a direct path t ( ) 
ground for the motor circuit would lie act 
through the terminal f, the bridging piec's 
of the relays T and T and the contacts 
thereof, therely short-circuiting the oper 
a ting windings of all the relays and start 
ing a limping action. 
The next step is to connect the motors in 

parallel. To do this the master controller 
is noved so as to bring all its finger's on the 
line 5. Before the master controller reach's 
this position, the switches S', S', 's at S 
are definergized and should drop to the reil 
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position. The switches S', S', and S in 
dropping reinsert all the resistance sections 
in circuit, and the switch S in dropping 
opens the motor circuit, whereupon the re 
lays T, T, and T will be deenergized 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', T, T, or the switches S', S', S' 
is closed, because current flows in the locking 
circuit. The circuit is easy to trace if any 
of the relays 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 K, the 
resistance r, the resistance r", the point q, 
the lower contact of the switch S', the re 
sistance R, R', and the winding t' of the re 
lay T to the negative. Therefore, the mag 
nets IK 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 q, thence through the winding t, the 
lower contact of the switch S', the resistance 
R, and the winding t' 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 deenergized, 
and the parallel switch P will close its con 
tacts, connecting the motors in parallel, each 
in series with the resistances composing its 
rheostat. The motor circuit is as follows: 
One branch is froii the positive through the 
arnature AA, the field FF, the resistances 
RR, RR, 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 F, the resistances R., R., R', and the 
operating winding t' of the relay T to the 
legative. Again, when the current in the 
winding t' 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 
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winding s', as explained previously, where 
upon the switch S' closes its contacts, short 
circuits simultaneously the resistance R' in 
the circuit of the motor A and the resistance 
IRR in the circuit of the motor AA, and 
connects the operating winding t” of the re 
lay T in the circuit of the motor A. The 

is completed and the switch S 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 t” has been ad 
justed to operate. At that moment the re 
lay T will close its contacts. . If now the 
operator moves the master controller to the 
position 7, the circuit through the winding 
s' 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 S also connects the winding 
t of the relay T in series with the windings 
t° and t' in the circuit of the motor A. The 
sudden increase 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 circuit 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 100 
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 t of the relay T, the winding t” of the 
relay T, and the winding t' of the relay T 105 
to the negative. M 
The operation of the switches S', S', 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 S can- 10 
not operate before the relay T has closed 
its contacts, the switch S cannot operate 
before the relay T has closed its contacts, 
and the switch S cannot operate before the 
relay T has closed its contacts. The relays 115 
T, T, 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- to 
sition 8, the resistance controlling switches 
will always operate in a predetermined se 
quence. f 
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 
sition, the said switch being already main 

95 

tained in that position by the interlock J. 
To stop the motors, the master controller 

is returned to the off position which causes 180 
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aii the switches to be denergized 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 motors; and if one of the relays fails to 
open, the locking circuit. will be closed 
through the bridging piece of the said relay. 
In both cases the two switches S and P will 
be locked in the open position by the mag 
nets K and K, respectively, 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 whether the two notors 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 
cuit of the said switch. If only two switches 
are needed, the switch S and the relay T 
are suppressed and the upper terminal of 
the winding t 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 IS 
and K, the function of which will be to 
insure a proper electrical interlock for the 
leversing 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 naster controller, omitting the 
other no or and the switch P. In that case 
only the lower contacts of the switches S', 
S', S' and the resistances controlled there 
by need lie considered in addition to the 
relays. The elking circuit will remain un 
changed. The switches S, S', S', and S can 
now le to sidered as a series of switches for 
controlling the circuit of the motor A, the 
switch S being a main switch. 

I liitan 
1. iii a series parallel controller, two re 

sistances, means for connecting them in 
series and in parallel, switches for control 
ling the cesistances, actuating circuits the re 
for, individual reigy's for controlling the 
closire of the respective circuits, and op 
erating windings there for energized by the 
current through (ne of the resistances. 

2. In a series ar:llel controller, two re 
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sistances, means for connecting theia in 
series and in parallel, switches for control 
ling the resistances, actuating circuits for 
the switches, contacts in the circuits, relays 
for closing the contacts, and operating wind 
ings therefor energized by the current 
through one of the resistances. 

3. In a systena 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 circuits, an operating winding 
for each relay energized by current in one 

7. 

motor circuit, and means for connecting the 
motors in series and in parallel. 

4. In a series parallel controller, two re 
sistances, means for connecting them in 
series and in parallel, switches for control 
ling the resistances, actuating circuits there 
for, and relays adapted to control the closure 
of the circuits and including actuating wind 
ings in the circuit of one resistance, the re 

8. 

lays adapted to lock their contacts open 
when the current in their windings is above 
a certain value and to close their contacts 
when the current is reduced. 

5. In a notor control systein, two motors, 
a iesistance for each notor, means for con 
necting the motors in series and in parallel, 
switches for controlling the resistances, an 
actuating circuit for each switch, contacts 
for controlling the closure of the said cir 
cuits, an operating winding energized by 
current in one motor circuit for closing the 
said contacts and connecting the operating 
winding of the next succeeding contacts it 
tle said motor circuit. 

6. In a motor control system, two notors, 
a series of resistances for each motor, meals 
for connecting the motors in series and in 
parallel, switches for controlling simulta 
neously the two series of resistances, a a C 
tuating circuit for each switch, a relay con 
trolling the closure of the said circuit, and 
including an operating winding for closing 
the relay energized by current in one not o' 
circuit, the relay adapted to lock its catacts 
open when the current in its wiuding is 
above a certaini value and to close the con 
tacts when the current is resticed. all t acts for connecting the operating winding 
of the next succeeding relay in the S; it 
notor circuit. 

7. In a series parallel controller, two re 
sistances, switches for connecting then in 
series and in parallel, switches for control 
ling, simultaneously the two resistances, at 
tuating circuits therefor, relays for control 
ling the closure of said circuits. and a lock 
ing circuit energized when any of this re 
sistance controlling switches (; ally of the 
circuit-controlling relays is 'iosed for le: 
venting the operation of the series parallel 
connecting switches. 

8. In a motor control systein, two la:otors, 
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switches for connecting them in series and 
in parallel, resistances for each notor, 
switches for controlling the resistances, ac 
tuating circuits therefor, contacts 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 
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 wind 
ings, relays associated with certain switches 
having contacts in the circuit of the wind 
ing of the switch 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 ses. 
ries if the contacts of any of the relays or 
any of the said switches are closed. 

10. In an electric controller, a circuit, 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 ar 
ranged to be emergized by the successive 
closure of said switches, and a locking cir 
cuit for preventing the closure of the first 
switch of the series, if any of the said 
switches or relays is in its operated posi 
tion. 

li. In an electric controller, a main 
switch, a series of switches each having 
main contacts and an actuating winding, 
relays associated with certain of said 
switches having contacts in the circuit of 
the winding of the switch next to close, 
windings for the relays arranged to be con 
nected in the cratrolleti circuit by the clo 
sure of the main contacts of the said 
switches, and a locking circai for prevent 
ing the ciosure of the mail switch ener 
gized by the closure of the said contacts of 
any of the said switches in the series. . 

19. In an electric controllier, a main 
switch, a series of switches each having 
main contacts ind an actuating winding. 
relays associated with certain of said 
switches having contacts in the circuit of 
the winding of the switch next to close, 
windings for the relays arranged to be con 
nected in the controlled circuit by the 
closure of the main contacts of the said 
switches, the said wiridings locking the re 
lays open when the current therein is above 
a predetermined value and operating them 
when the current is reduced, and a locking 

3. 

circuit for preventing the closure of .3 
main switch energized by the closure of the 
said contacts of any of the relays. 

13. In an electric controller, a 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 
determined 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 a 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 
preventing 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 
Ess 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 
connects to the controlled circuit a contact 
of at least one of the resistance-controlling 
switches, 

16. 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 circuit by the switch which 
precedes in operation, and connections 
whereby the first relay in closing connects 
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each switch and haying an actuating wind 

10 

05 

to the-controlled circuit a contact of each of 
the resistance-controlling switches. e 

17. In an electric control system, a cir 
cuit to be controlled, a series of resistance controlling svgitches, operating windings 
therefor, relays having windings connected 
in the controlled circuit by the switch which 
precedes in operation, connections whereby 
the first relay in closing connects to tie 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. BENNETT, 
H. M. DEMER. 
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