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PHELAN McSHANE, OF PITTSBURGH, PENNSYLVANIA, ASSIGNOR O WESTING OUSE 

ELECTRIC & MANUFACTURING COMPANY, A CORPORATION OF PENNSYLVANIA 
CoNTROL sysTEM 

Application filed September 19, 1927. serial No. 220,502. 
My invention relates to improvements in 

control systems and particularly to control 
systems for a main controller actuated from 
remote control stations. . . . 
The object of my invention, generally 

stated, is to provide a remote control system, 
which will be simple in construction and re liable in operation. 
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It is also an object of my invention to pro 
vide for operating a plurality of magnetic. 
devices from a number of distant control sta 
tions by means of a single control conductor 
connecting the magnetic devices and the re 
mote control stations. 

Another object of my invention is to pro 
vide in a system of the indicated character for 
preventing the further operation of the sys 
tem after the applies voltage has fallen below 
a predetermined amount. . . . . . . 
Other objects of my invention will become apparent E. 

inafteristakenin connection with the accom 
panying drawing, wherein; 

Figure 1 is a simplified schematic diagram 
of a control system connected in accordance 
with this invention, and 

Fig. 2 is a diagrammatic view of the control 
system shown in Figure 1 adapted for con 
trolling the operation of a reversible motor. 
While the invention may be utilized for 

many purposes it may be illustrated to ad 
vantage in connection with a system for con 
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trolling the operation of the motor 1 illus 
trated in Fig. 2. To simplify the following 

illustrated in th description, all elements illustra ln the remote control switches such as 15c is thrown schematic diagram of Fig. 1 and those illus 

40 
nisms in the two figures 

trated in Fig. 2, which are similar are noted 
by the same indicating numerals. The con 
trol circuits for operating the various mecha-. 

being identical, they 
may be more easily traced by considering Fig. 
1 in connection with Fig.2. 
The motor 1 being a series type direct 

current motor, the reversal of the same can be accomplished by simply reversing the di 
rection of current flowing through the arma 

of a well known construction, having actuat 

en the description set forth here 

a O n are double actingt ture and to accomplish this reversal, two pairs 
of reversing contactors 2 and 3 and 4 and 5. 

Spils 2a, 3a, 4a and 5a, respectively, are uti 
Ze 

The motor may be connected to any source of supply which in this case is the line con 
ductors 6 and 7, as illustrated in Fig. 2. A 
switch 8 is provided for closing a circuit. 
which extends from the line conductor 7, 
through actuating coil 9a of the overload re 
lay 9, the interlock on contactor 10, and as 
suming the reversing contactors 2 and 4 are 
closed, contactor 2, armature 1a of the motor 
1, contactor 4, the series field winding 13, to 
the positive line conductor 6. If the motor 
reversing contactors 3 and 5 are closed in 
stead of the reversing contactors 2 and 4, the 
circuit leading through the armature will be . 
by way of contactor 5, through the armature 
1a in a direction opposite to that previously 
traced through the contactor 3, the series 
field winding 13 to the positive line conductor 
6, and the motor 1 will operate the opposite direction. 

tors as desired from any number of remote 
control stations, such as 15, 16, and 17, the sys 
tem illustrated in both Figs.1 and 2 is pro 
vided. The remote control stations are illus 
trated by single pole switches 15a, 16a and 
17 a connected to a single conductororcollector. 
rail 18 and disposed to make contact with a 
pair of contact points 155 and 15c, 16b and 
166, 17b and 17c, respectively, which are con 
nected to the positive and negative sides of 
the line conductors 6 and 7 respectively. It 
will be seen, therefore, that when one of the 
into engagement with one or the other of the 

points 15b or 15c connected to line . . contact 
conductors 6 and 7, respectively, that the volt 
age impressed upon the single conductor 18 
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In order to actuate the reversing contac 
5 

90 
will be either positive of negative depending 

... upon whether it is connected to the positive 
line conductor 6 or the negative line con 
ductor 7. 

In the controller proper there is provided 
a pair of selector contactors 21 and 22 which 

s of contactors and have 
their actuating coi 
rectly across the source of supply that is the 
positive and negative conductors 24 and 25, 

21a and 22a connected di 

-95 
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respectively. To control the action of the 
selector contactors 21 and 22, a single control 
conductor 19 is connected to a point20 midway 
between the actuating coil 21a and 22a. 
When there is no voltage impressed upon the 
single control conductor 19, the two actuat 
ing coils 21a and 22a of the selector contactors 
will be energized and the contactors closed, 
since they are connected in series relation 
across the conductors 24 and 25 leading from 
the source of supply. When the control con 
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ductor 19 becomes energized by actuating any 
one of the switches 15, 16 and 17 to its closed 
position, a shunting circuit connecting the 

5 P 
pleted. It will be readily understood that 
one of the coils 21a or 22a will become deen 

oint 20, between coils 21a and 22a, is com 

ergized, depending upon which power con 
ductor is connected to the single control con 
ductor 19 upon the operation of any one of the 
switches 15, 16 and 17. 
The two selector contactors 21 and 22 in 

turn control the operation of the main con 
troller, because the actuating coils of all the 
other contactors are in circuit relation with 
these contactors. 
When the selector contactors 21 and 22 are 

deenergized and in the position as shown, a 
circuit is established which extends from con 
ductors 26 and 27 through the interlock 21c 
and 22e and the actuating coil 28a of a mag 
netic contactor 28. When contactor 21 is 
energized and held open, a circuit is estab 
lished which may be traced from conductor 26, 
interlock 21b and the actuating coil 29a of a 
magnetic contactor 29. When contactor 22 
is energized and held open, a circuit is es: 
tablished through conductor 27, interlock 22b 
and the actuating coil 30a of magnetic con 
tactor 30. The contactors 28, 29 and 30 to 
gether with a low voltage relay 31 are pro 

- vided for controlling the operation of the 
reversing switches 2 and 4, and 3 and 5, and 
the motor line contactor 10 since these con 
taetors are in circuit relation with the actu 
ating coils of the relays and contactors 28, 29 
and 30. The actuating coil 31a of the low 
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voltage relay 31 may be energized through 
two paths, one through the interlocks 29b and 
30b on the magnetic contactor. 29 and 30 and 
the coil 31a, while the other which is a holding 
circuit is through the interlock 31b and the 
actuating coil 31a. The first circuit or actu 

55 
ating circuit, as will be seen by reference to 
Fig. 1 or 2 can be completed only when con 
tactors 29 and 30 are closed simultaneously. 
The motor 1 may be connected to the power 

... source through a line contactor 10 which may 
30 

be closed when the low voltage relay 31 and 
the magnetic contactor 28 are closed. The 
circuit to the actuating coil 10a of the line. 
contactor 10 being through the interlocks 31b 
of the low voltage relay 31, the interlock 28b 
on the contactor 28 and the actuating coil 
10a. The actuating coils of the reversing 
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contactors 2 and 4, and 3 and 5 are energized 
when the two interlocks 31b, 28b and the in 
terlock 29c and 30c are closed. . 
Upon closing the knife switch 23 when no 

voltage is impressed upon the conductor 19, 
the actuating coils 21a and 22a of the selector 
contactors 21 and 22 will be energized and the 
contactors 21 and 22 actuated to their upper 
positions, as viewed in Fig. 2 of the drawing, 
to bridge contact members 21b and 22b re 
spectively. The closure of contactors 21 and 
22 upon the energizing of the actuating coils 
21a and 22a closes the circuit traced herein 
before through the actuating coils 29a and 
30a, of the contactors 29 and 30. 
When the two coils 29a and 30a, respec 

tively, have been energized, the contactors 29 
and 30 are actuated to their closed position to 
establish a circuit which may be traced from 
the positive line conductor 24, through the in 
terlocks 29b and 30b of the contactor 29 and 
30, the actuating coil 31a of the low voltage 
relay, and the overload relay 9 to the negative 
line conductor 25. The completion of this 
circuit will energize the actuating coil 31a of 
the low voltage relay 31 and cause the same to 
close, thereby establishing a holding circuit 
which extends from the line conductors 24, 
through the low voltage relay 31, the actuat 
ing coil 31a, and the overload relay 9 to the 
negative line conductor 25. 
When the contactors 29 and 30 are closed, 

the interlocks 295 and 30lb and the interlocks 
29c and 30c are closed. : ... - . 
Assuming now that one of the control 

station switches 15, 16 or 17 has been actu 
ated to a position to impress either positive or 
negative line voltage upon the conductor 19, 
then one of the actuating coils 21a or 22a. 
will be deenergized as previously described. 
Therefore, one of the contractors 21 or 22 
will fall open, interrupting the circuit to 

O 

75 

80 

85 

90 

95 

100 

105 

one or the other of the actuating coils 29a or . 
30a of the contactors 29 and 30. Assuming 
that the voltage impressed on conductor 19 
is such that the actuating coil 22a will be 
come deenergized, then the actuating coil 30a, 
which is in series circuit relation with the 
interlocks 22b on the contactor 22, will be 
come deenergized and the contactor 30 will 
fall to its lower position. Upon the opening 
of the contactor 22, a circuit is established 
which extends from the positive line con 
ductor 24, through conductor 27, the inter 
lock, 22c, and the actuating coil 28a of the 
contactor 28 to the negative line conductor 
25. This will cause contactor 28 to close and 
energize coil 10a of the motor line contactor. 
10 which is connected in a circuit that may 
be traced from the line conductor 24, low 
voltage relay 31, interlocks 28b and coil 10a 
to the negative line conductor 25. There 
fore, when the contactor 28 closes, the motor 
line contactor 10 will close. lose. The contactor 30 being opened, when the coil 30a was de 
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energized, and the contactor 29 remaining in 

10 

5 

90 
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the closed position, a circuit will be estab 
lished from positive line conductor 24 
through the low voltage relay 31, contactor 
28, the interlocks 29e the two actuating coils 
2a and 4a associated with the reversing con 
tactors 2 and 4, to the negative line con 
ductor 25. The circuit will actuate the re 
versing contactors 2 and 4. Therefore, the 
motor will start to operate in the direction 
corresponding to the current flowing through 
these two contactors. 
Assuming now that it is desired to reverse 

the operation of the motor, then one of the 
master switches 15, 16 or 17 will be thrown to change the polarity of the voltage impressed 
upon the line conductor 19. In this instance, 
the actuating coil 21a of contactor 21 be 
comes short circuited, and full line voltage 
is impressed upon coil 22a of contactor 22. 
Upon the closure of contactor 22, the con 
tactor 30 closes as described hereinbefore, 

30 
and 5thereby establishes a circuit extended 
through the armature of the motor 1 in a 
direction opposite to that when the other . 

35. 
ate in the opp 

It will be noted that if the voltage to the 

thereby establishing an operating circuit for 
the reversing contactors 3 and 5. This cir 
cuit may be traced from line conductor 24, 
through relay 31, contactor 28, interlocks 30c 
of contactor 30, conductor 32, and thence 
through a parallel circuit comprising coils 
3a and 54, to the line conductor 25. The closure of the reversing contactors 3 

two reversing contactors were closed. This 
will cause the motor 1 to reverse and oper 

osite direction. 

system should fail or fall below a predeter 
mined amount, that the low voltage relay 31 
will fall open, and the same can not be again 
closed until the circuit previously traced 
through the interlocks 295 and 305 is estab 
lished, which occurs only when all the master 
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the machinery to avoid accidents. 

O 

C3 

voltage 
preciate 

switches are in their off positions. There 
by a low voltage protection is provided to 
prevent the apparatus to which the con 
troller is attached from starting up, after 
voltage is again restored to the line, unless 
the control switches themselves are first re 
turned to their neutral position. This low 

rotection can be very readily ap 
where a system incorporating the 

invention is applied to steel mill operation 
in which it is necessary at all times to exer 
cise the greatest of care in the operation of 
While I have illustrated and described a 

particular embodiment of the invention, it is 
intended that all matter contained herein 
shall be interpreted as illustrative and not 
in a limiting sense, since manifestly the same may be considerably varied without depart 
ing from the spirit of the invention as set 
forth in the appended claims." . 

I claim as my invention: 

ent 
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1. In a motor-control system, in combina 
tion, a motor, a main controller, a source of 
power for the motor, a plurality of remote 
control stations for actuating the controller, 
a single control conductor for connecting the 
remote-control station to the controller, 
means in the remote-control station for con 
necting said control conductor to the power 
source, means in the main controller respons 
sive to the energization of the control con 
ductor for governing the direction of oper 
ration of the motor, and a low-voltage relay 
disposed to render said main controller in 
operative in response to a predetermined 
voltage reduction, said relay E. depend 

for its closure upon said governing 
means. 
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2. In a control system, in combination, a 
main controller, a plurality of control sta 
tions for operating the controller, a single 
control conductor for connecting the control 
stations to the controller, said main con 
troller being provided with a plurality of se 
lecting switches for governing the operation 
of the controller, said selecting switches 
being responsive to the energization of the 
control conductor, and a low-voltage re 

85 

lay disposed to render the main controller in 
operative in response to a predetermined re 
duction in voltage, said low-voltage relay 
being dependent for its closure upon said 
selecting switches. . . . w - 

3. In a motor-control system, in combi 
nation, a motor, a source of power for the motor, means for establishing a motor cir 
cuit, a plurality of reversing switches dis 
posed to be operated in pairs, relays for con 
trolling the energization of each pair of 
reversing switches, said relays being dis 
posed to effect the operation of the reversing 
switches when deenergized, manually oper 
able means for controlling the energization 
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of the relays, a low-voltage relay for inter- . 
relay being dependent for its closure on said 
relays. . 

4. In a motor-control system, in combi 
nation, a motor, a source of power for the . 
motor, means for establishing a motor cir 
cuit, reversing switches for controlling the 
direction of operation of the motor, means 
for selectively operating the reversing 
switches, a manually operable switch for con 

rupting the motor circuit, said low-voltage 
110 

l15 

trolling the operation of the means for se 
lectively operating the reversing switches, 
a no-voltage relay for interrupting the mo 20 

tor circuit upon the failure of voltage, said 
reversing switches being responsive to the 
opening of the no-voltage relay, said no 
voltage relay being dependent for its clos 
ure upon the means for selectively operating 
the reversing switches, whereby, when the 
relay is opened, upon the failure of voltage, 
it cannot be d until the manu 
operable switch is operated. 
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5. In a motor-control system, in combina 
tion, a motor, a source of power for the mo 

; : tor, means for controlling the EE of 

0 

power to the motor, reversing switches for 
controlling the direction of operation of the 
motor, means for selectively operating the 
reversing switches to operate the motor in a 
Eternied direction, a no-voltage relay or governing the means for controlling the 
supply of power to the motor upon the fail 
ure of voltage, said relay controlling the op 
eration of the reversing switches through 
said selective means, said selective means 

5 
being disposed for operation to effect the 
setting of the relay in the closed position. 

6. In a motor-control system, in combina 
tion, a motor, a source of power for the 
motor, reversing switches for controlling the 
direction of operation of the motor, a switch 
for controlling the supply of current to the 
reversing switches, means cooperative with . 
said control switch for selecting and oper 
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ating predetermined reversing switches, and 
a low-voltage relay responsive to the voltage 
across the source of supply disposed to con 
trol said switch, said low-voltage relay being 
dependent, when it has opened, on the se 
lecting means for its closure. s 

7. In a motor-control system, in combina 
tion, a motor, a source of power for the mo 
tor, reversing switches for controlling the 
direction of operation of the motor, a switch 
for controlling the supply of current to the 
reversing switches, means cooperative with 
said control switch for selecting and oper 
ating predetermined reversing switches, a 
low-voltage relay responsive to the voltage 
across the source of supply disposed to con 
trol said switch, said low-voltage relay being 
dependent, when it has opened, on the select 
ing means for its closure and manual means 
for initiating the operation of the selecting 
means 
8. In a motor-control system, in combina 

tion, a motor, a source of power for the mo 
tor, reversing switches for controlling the di 
rection of operation of the motor, a switch 
for controlling the supply of current to the 
reversing switches, means cooperative with 
said control switch for selecting and operat ing predetermined reversing switches, a low 
voltage relay responsive to the voltage across ... 
the source of supply disposed to control 
said switch, said low-voltage relay being de 
pendent, when it has opened, on the selecting 
means for its closure, a plurality of manual 
control stations for controlling the operation 
of the selecting means, and a single control 
conductor disposed to connect said manual 
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control stations to the selecting means. 
In testimony whereof, I have hereunto 

subscribed my name the 12th day of Sep 
tember, 1927. . . . . . . . . . . 

PHELAN McSHANE. 
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