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1. 

This invention relates to control Systems for 
actuating electromagnetic devices at one or more 
controlled stations from a remote or relatively 
moving controlling station, and more particularly 
to an alternating current control System using a 
minimum number of control conductors between 
the controlling and the controlled stations. 
Remote control Systems for use with direct cur 

rent are known in which two electromagnetic 
SWitches or relays at a controlled Station have 
their operating Windings connected in series 
acroSS positive and negative power conductors 
and in Which a Single control Conductor extends 
from a point between the two windings to a re 
mote controlling station at which means are pro 
vided to connect the control conductor Selectively 
to the positive and negative power conductors 
and to disconnect the control conductor from 
both of the power conductors. When the remote 
end of the control conductor is not connected to 
the power conductors, each of the windings is 
subjected to one-half of the voltage between the 
power conductors. 

In one form of this type of direct current Con 
trol System the Switches are designed so as to be 
in their dropped-out positions when the control 
conductor is disconnected from the power con 
ductors. Connection of the remote end of the 
control conductor to one of the power conductors 
causes the full voltage between the power con 
ductors to be applied to one of the windings and 
causes the Woltage acroSS the other One of the 
windings to be reduced to Zero. Under these 
conditions, the deemergized Switch remains in its 
dropped-out position and the other Switch picks 
up. If the control conductor is connected to the 
Other power conductor, the electrical condition 
of the two windings is reversed and consequently 
the Switch that was picked-up drops out and the 
other Switch picks up. When the control con 
ductor is again disconnected from both of the 
power conductors, both of the Switches are in 
their initial dropped-Out positions. 
In another form of the foregoing type of di 

rect current control System, the Switches are de 
signed so as to be in their picked-up positions 
when the remote terminal of the Control con 
ductor is disconnected from the power conduc 
tors. With both switches picked-up, connection 
of the remote end of the control conductor to 
one of the power conductors causes the full volt 
age between the power conductors to be applied 
to one of the windings so that the switch op 
erated by that Winding remains picked-up, and 
causes the voltage across the other one of the 
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Windings to be reduced to Zero So that the SWitch 
operated by that winding drops out. When the 
control conductor is connected to the other power 
conductor, the electrical condition of the two 
windings is reversed and consequently the switch 
that was picked-up drops out and the other 
Switch picks up. When the control conductor is 
again disconnected from both of the power Con 
ductors, both of the Switches are in their initial 
picked-up positionS. 

Both forms of the direct current Control SyS 
tem described have been used, but both have the 
disadvantage of more or leSS Sluggish Operation 
due to the fact that the closed loops within which 
the Windings are connected to cause the SWitches 
to drop out retard the rate of flux decay. The 
second form of control system has a further dis 
advantage in that special Switches or Special 
Windings or both are required since the Windings 
must be capable of holding the Switches closed 
When energized by one-half of line Voltage and 
also must have adequate thermal capacity to 
Withstand the application of full line voltage. 

It has long been desired to have available for 
use in alternating current control applications a. 
control system as simple as the foregoing direct 
current control system, neither form of Which is 
operable reliably when the power conductorS are 
energized with alternating current instead of di 
rect current. 
The unreliable operation that results when al 

ternating current is used is due to the fact that 
the impedance of the operating Winding of an 
alternating current switch is much less When the 
switch is dropped-out than when the SWitch is 
picked-up. For example, if the power conduc 
tors in the first of the foregoing forms of the di 
rect, current control system are energized With 
alternating current, a switch that has picked up 
due to the connection of the remote terminal of 
the control conductor to one of the power Con 
ductors does not drop out upon disconnection of 
the control conductor from the power conductor 
and the SWitch that was in its dropped-out posi 
tion tends to flutter or actually picks up. Since 
the terminal of the control conductor must traVel 
over an insulating space when moving from One 
power conductor to the other in order to avoid 
any possibility of a direct electrical connection 
between the two power conductors, unpredictable 
operation results even if the disconnected posi 
tion of the control conductor is not used as an 
actual control position. AS to the second form 
of the direct current control system when used 
With alternating current, the undesirable effects 
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of the voltage changes on the operating wind 
ings are not only augmented, but there is no as 
surance that both switches will pick-up when the 
power conductors are first energized since One 
of the switches might start to close ahead of the 
other and in so doing increase the impedance Cf 
the circuit to prevent closure of the other SWitch. 
An object of this invention is to provide a cora 

trol system utilizing a minimum number of Con 
trol conductors which has none of the foregoing 
disadvantages. 
A general object is to provide an improved con 

trol system operable through a minimum num 
ber of control conductorS. 
Other objects are: to provide a simplified SyS 

tem for controlling the operation of a plurality 
of alternating current electroresponsive devices 
from a distant or a relatively movable controlling 
station through a single control conductor, to 
provide an alternating current remote control 
system which is simple in construction and re 
liable in operation, to provide a control System 
which utilizes a minimum number of Control. 
conductors and which is energized by polyphase 
power, to provide a control System in which a 
plurality of alternating current operated electro 
responsive devices are selectively controlled by 
changing the energization of a single control con 
ductor, and to provide an alternating current 
control system operable through a minimum 
number of control conductors which is insensible 
to voltage variations of the usual magnitude ex 
perienced in systems wherein power is trans 
mitted through relatively movable conductors. 
A more specific object is to provide a simplified 

alternating current control system for controlling 
an alternating current motor from a controlling 
station through a minimum number of control 
conductors and the usual power conditictors. 
In accordance with this invention, a plurality 

of electroresponsive devices such as electronag 
netic switches or relays have their respective op 
erating Windings connectionini a Ynetwork acroSS 
a plurality of power conductors which are en 
ergized by a suitable source of polyphase power 
of the same number of phases as the number of 
Windings. One of the windings is connected in 
each leg of the Y network, respectively, and a 
control conductor connected to the connoh ter 
minal of the network extends to a remote or 
relatively moving controlling station at which 
neans are provided to connect the control con 
ductor selectively to the power conductors. A 
different one of the windings is completely de 
energized and the remaining Windings are en 
ergized by full line voltage in each of the con 
nected positions of the control conductor. While 
the control conductor is being noved from one 
connected position to another, the Y network is 
unbalanced due to the difference between the 
dropped-out and the picked-up impedances of 
the windings, and insufficient voltage is impressed 
acroSS the Winding of a dropped-out Switch to 
cause that switch to pick up or to flutter where 
as Sufficient Woltage is impressed across the other 
Windings to hold the other switches in their 
picked-up positions; ithe operated positions of 
the switches therefore remain the same until 
the switching operations of the control conductor 
are completed. Thus a phenomenon which has 
heretofore prevented the use of simple alternat 
ing current remote control systems is utilized 
in accordance with the present invention to in 
sure reliable operation of the switches. In the 
case of the common three-phase supply source, 
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4. 
three relays are controllable in the foregoing 
manner giving three different switching combina 
tions, and, if two relay networks and two control 
conductors are combined in the manner of this 
invention, nine different switching combinations 
become available. 
Other objects and advantages of this inven 

tion will become apparent from the following de 
scription wherein reference is made to the draw 
ings, in which 

Fig. 1 is a wiring diagram of a preferred ein 
bodiment of the invention; 

Figs. 2, 3, 4, 5 and 6 are vector diagrams illus 
trating various voltage conditions of Fig. 1; 

Fig. 7 is a wiring diagram of a motor control 
system using two of the relay systems of Fig. 1 
in cooperating relationship, and 

Fig. 8 is a relay operating sequence chart for 
the wiring diagram of Fig. 7. 

Referring to Fig. 1, a group 10 of electro 
responsive devices such as: relays ff, 22nd 3 is 
arranged so that operating windings fic, f2.0 and 
3up of the relays f, f2 aid. 3, espectively, are 
connected in a star: Or Y rietWork energized 
through trolley wheels from... trolley, bars: T1, T2 
and T3. As shown, one terminal. Of the Wiriding 
{ up is connected to the trolleybar 11, one termi 
nal of the winding 220 is corrected to the rolley 
bar T2, and one terminal of the winding f3.0 is 
connected to the trolley bar T3. The other ter 
minals of eachi. of the windings flu, 2.0, and 
t3a are connected to a trolleybar T4 through a 
control conductor 4 aid a trolley wheel. The 
trolley bars T1, T, and Ts are fixedly connected 
to conductois Li, 13, and 1.3 which are energized 
from a suitable source of polyphase power (not 
shown). A master switch f 5 for controlling the 
relays , 2 and 3 comprises. Spaced contact 
segments 2 - 22 and 23 whichi are connected 
through trolley wheels to the trolleybars F1, T2 
and T3, respectively, and a movable contact arm 
24 connected through atrolley wheel to the trolley 
bar T4 and arranged to engage selectively the Seg 
ments 21, 22 and 23. 
The relays (f, F2 arid f3 may have normally 

open contacts fra, 2d and 3a, respectively, and 
are movable with respect to the trolley bars T1, 
T2, T3 and T4 and with respect to the master 
Switch 5 whichi is also movable with respect 
to the trolley bars. The relaygroup fe; for ex 
ample, may thus be nourited on one of the driving 
trucks of a cargo bridge and the master switch 
5 may be mounted in a control cab nowable 
across the bridge between the driving trucks: 
With the arm 24 in engagement with none of 

the segments 2, 22 and 23, each of the relay op 
erating windings u, 2nd and f3u is subjected 
to a voltage substantially equal to fifty-eight per 
cent of the voltage between the conductors L1, L2 
and L3 provided that all of the relays are picked 
up, or all are dropped-out. This condition is 
graphically illustrated in Fig. 2 wherein the vec 
tors L1-L2, L2-E3 and L3-La-Li, represent the volt 
ages between the respective conductors'L1, E2 and 
L3, and the vectors Li-islfa, Eg-a-T4 and Eg--Ta rep 
resent the voltages impressed on the windings 
fiv, 2nd and 30, respectively. Each of the re 
lays i?, 2 and F3 is preferably so designed that 
it does not pickup when subjected to a voltage of 
the indicated magnitude, but as will be explained 
hereinafter, the voltage relations of Fig. 2 do not 
represent a normal operating condition of the relay group O. 
If the arm 24 is in engagement with the seg 

ment 2, the conductor f4 is connected through 
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the trolley bar T4, the arm 24, and the segment 
2 to the trolley bar T1, and the voltage im 
pressed on the winding fu is equal to Zero 
whereas the voltages impressed on the windings 
2u and 3D are equal to the voltages L1-L2 
and L1-L3, respectively, as indicated by the Solid 
lines in Fig. 3, the neutral point of the network 
indicated by T4 having moved to the point in 
dicated by L1. Consequently, the relay is com 
pletely deenergized, but with line voltage im 
pressed on each of the windings 20 and 3D, 
the relays 2 and 3 are picked-up and the con 
tacts 2a and 3d are closed. 

If the arm 24 is in engagement with the Seg 
ment 22, the conductor 4 is connected through 
the trolley bar T4, the arm 24, and the segment 
22 to the trolley bar T2, and the voltage impressed 
on the winding 2u) is equal to Zero whereas the 
voltages impressed on the windings up and 30 
are equal to the voltages L1-L2 and L2-L3, re 
Spectively, as indicated in Fig. 4. The Winding 
2u is completely deenergized, but with line volt 
age impressed on each of the Windings up and 
30, the relays and 3 are picked-up and the 
contacts 2d. and 3a are closed. 

If the arm 24 is in engagement with the Seg 
ment 23, the conductor f4 is connected through 
the trolley bar T4, the arm 24, and the segment 
23 to the trolley bar T3, and the voltage im 
pressed on the Winding 3D is equal to Zero 
whereas the voltages impressed on the windings 

U and 20 are equal to the voltages L1-L3 and 
L2-L3, respectively, as indicated in Fig. 5. Under 
these conditions the winding 3D is completely 
deenergized, but with line voltage impressed on 
each of the windings u and 2D, the relays 
and 2 are picked up and the contacts fla and 
2a are closed. 
From the foregoing description of the opera 

tion of the control system of Fig. 1, it is obvious 
that positive operation of the relays , f2 and 
3 for each of three positions of the arm 24 is 

obtained. While the arm 24 is moving from one 
of the segments to another, the relays which are 
closed remain closed since the impedance of the 
branches of the Y network which include wind 
ings of relays that are picked up is very much 
higher than that of the other branch, So that 
the voltage across the winding of the relay which 
has not picked up normally does not approach 
the pick-up value. This condition is illustrated 
graphically in Fig. 6 wherein it is assumed that 
the arm 24 is moving from the segment 2 to 
the segment 22 and is between those two seg 
ments. The neutral point, represented by T4, is 
moved but slightly from its position in Fig. 3 to 
ward its position in Fig. 1. Even under condi 
tions of increased line voltage such as normally 
experienced on industrial alternating power sys 
tems the voltage Li-T4 across the winding u) 
does not reach the pick-up value of the relay 
under these unbalanced conditions. Further 
more, since the relays are preferably designed to 
pick-up at a voltage value well under normal 
line Voltage, the usual decreases of voltage will 
not cause drop-out of the relayS. 
The relay group to may be used for various 

purposes such as for controlling an electric motor 
from a remote station and a plurality of relay 
groups 0 may be arranged to cooperate and per 
form extremely complicated control functions. 
There is shown in Fig. 7 a wiring diagram of a 
reversing, plugging controller for a wound rotor 
induction motor which includes an added plug 
to-stop feature and which is operated from a 
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master switch through only two control con 
ductors and the usual three power conductors. 
This diagram illustrates the manner in which 
motor control functions can be accomplished 
from a remote or relatively movable master 
switch station by use of the relay control system 
of Fig. 1. 

Referring to Fig. 7, the power conductors L1, 
I2 and L3 energized from a suitable source of 
polyphase power (not shown) are fixedly con 
nected to the trolley bars T1, T2 and T3 to which, 
by means of suitable trolley wheels, power con 
ductors 3, 32 and 33 are connected, respectively, 
and control conductors 34, 35 and 36 are con 
nected, respectively. A master switch or control 
ler 37 energized from and fixedly connected to the 
conductors 34, 35 and 36 has output control con 
ductors 38 and 39 which are connected to control 
conductors 40 and 4, respectively, through trol 
ley bars T4 and T5, respectively. The conductors 
40 and 4 are control conductors for relay groups 
44 and 45, respectively, of a motor controller 
including reversing contactors 46 and 47, a plug 
ging contactor 48, acceleration and speed control 
contactors 49, 50 and 5, and a plugging relay 
circuit 52. The controller controls a polyphase 
Wound rotor motor 53 which is arranged to be 
reversibly energized from the conductors 3, 32 
and 33 depending upon the operation of the con 
tactors 46 and 47 and which has its secondary 
winding (not shown) connected in the conven 
tional manner to a Y connected resistance bank 
54 having resistor sections 54a, 54b, 54c and 54d. 
The contactors 46, 47, 48, 49 and 50 each have 

an operating winding designated by the numeral 
of the respective contactor and the adscript up 
and a plurality of normally open contacts desig 
nated by the numeral of the respective contactor 
and the adscript a, b, and c, respectively. In 
addition, the contactors 46 and 47 have normally 
closed contacts 46d and 47d, respectively. The 
contactor 51 has an operating winding 5 up and 
normally open contacts 5 a. and 5b. 
The plugging relay circuit 52 may be of any 

suitable type, but preferably is of the type dis 
closed in Patent No. 2,232,257, issued to Asa H. 
Myles on February 18, 1941, and comprises a 
voltage divider 55 connected between two sec 
ondary terminals of the motor 53, a non-satural 
ble reactor 56 and a condenser 57 connected in 
parallel with each other, and an operating wind 
ing 580 of a relay 58 having normally closed 
contacts 58a and normally open contacts 58b and 
58c. The parallel connected reactor 56 and the 
condenser 57 are connected in Series with the 
winding 58 up across an adjustable portion of the 
voltage divider 55. The electrical constants of 
the relay circuit 52 are such that, due to the 
phenomena of series and of parallel resonance, 
the relay 58 is picked-up when the frequency of 
the Secondary voltage of the motor 53 is more 
than a few cycles above the frequency of the 
primary excitation of the motor and is dropped 
out when the frequency of the secondary voltage 
is equal to or less than the frequency of the pri 
mary excitation. 
Each of the relay groups 44 and 45 is similar 

to the relay group O of Fig. 1. As shown, the 
relay group 44 comprises a plurality of relays 6, 
62 and 63 having operating windings 6 ful, 62u. 
and 630, respectively, which are connected in a 
Y network across the conductors 3, 32 and 33 
With the common terminal of the network con 
nected to the conductor 40, and the relay group 
45 comprises a plurality of relays 64, 65 and 66 
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having operating windings 640, 65u) and 66t, re 
spectively, which are connected in a Y network 
across the conductors 3-, 32 and 33 with the 
cognition terminal of the network connected to 
the coinductor 44. The non-common terminals 
of the windings 6:20, 62u and 63u) are connected 
to the conductors 3, 32 and 33, respectively, and 
ikewise the non-common terminals of the Wind 
ings 6420, 852) and 66w are connected to the con 
ductors 3: 32 and 33, respectively. The relay 

has normally open contacts 6da and 6:b, the 
relay 62 has normally open contacts 62d to 62d 
inclusive, the relay 63 has normally open Con 
tacts 83a, to 63e, inclusive, the relay 64 has nor 
mally open contacts 64a, the relay 65 has nor 
inally open contacts 65a to 65c, inclusive, and 
the relay 68 has normally open contacts 66a to 
8 Se, inclusive. 
The naster Switch 3d comprises a plurality of 

circuit terminals 7? to 78, inclusive, which are 
reiatively movable with respect to a plurality of 
contact Segrinents 79 to 9, inclusive, to four Sepa 
rate positions on each side of a neutral or off 
position. The contact segments 79 to 84, inclu 
sive, are electrically interconnected, and the con 
tact segments 25 to 90, inclusive, are electrically 
ilterconnected. 
As indicated in the relay sequence chart of 

Fig. 3, while the master Switch 37 is in the off 
position or either of the first and second reverse 
positions, the relays 6 and 62 are picked-up. 
The energizing circuit for the windings 6 lu) and 
62. With the master Switch 37 in these positions 
is from the conductors 3 and 32 through the 
windings 6:2) and 6.2L, respectively, the connon 
control conductor 43, the trolley bar I, the con 
ductor 38, the circuit terminal f, the segments 
9 and 8), the circuit terminal 72, and a conduc 

tor 9 to the conductor 36. Since the winding 
£3&I) is connected to the conductor 33 which is. 
connected through the trolley bar T3 to the con 
ductor 36, the relay 53 is in its dropped-out posi 
tion at this time. 
idue to completion of a circuit from the seg 

ment 38 in the first forward position and from 
the segment 82 in the third reverse position 
through the terminal 73 and a conductor 92 to 
the conductor 35, the relay windings 6 up and 
632) are fully energized and the relays 6 and 63 
are picked-up while the master switch 37 is in 
tinese positions, and the relay 62 is dropped-out 
Since the winding 6221) is completely deenergized 
due to the fact that both of its terminals are 
continected to the trolley bar T2. 
Due to completion of a circuit from the seg 

lient 33 i? the Second, third and fourth forward 
positions and from the segment 84 in the fourth 
i'eweise position through the terminal 74 and a 
conductor 93 to the conductor 34, the relay wind 
igs 32D and 63 u) are fully energized and the 
relays 62 and 63 are picked-up while the master 
switch 37 is in these positions, and the relay 6 
is dropped-out since the winding 6lu) is con 
pletely deenergized due to the fact that both of 
its terminals are connected to the trolley bar 
T3. 
While the master switch 37 is in the off posi 

tion or in either of the first and second forward 
positions, the relays 64 and 65 are picked-up and 
the relay 66 is dropped-out. The energizing cir 
cuit for the windings 64D and 652) under these 
conditions is from the conductors 3 and 32 
through the windings 64D and 65u), respectively, 
the common control conductor 4, the trolley bar 
Ts, the control conductor 39, the terminal 8, the 
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segments 9 and 89, the terminal 77, and a con 
ductor 96 to the conductor 36. Since the Wind 
ing 66tly is connected to the conductor 33 Which 
is connected through the trolley bar T3 to the 
conductor 36, the relay 66 is in its dropped-out 
position at this time. 
Due to the completion of a circuit from the 

segment 8 in the third forward position and 
from the segment 88 in the first reverse position 
through the terminal 76 and a conductor 95 to 
the conductor 35, the relay windings 322d and 
66D are fully energized and the relays 64 and 66 
are picked-up while the master switch 3 is in 
these positions, and the relay 65 is dropped-out 
since the Winding 65u) is completely deenergized 
due to the fact that both of its terminals are 
connected to the trolley bar T2. 
Due to the completion of a circuit from the 

Segment 85 in the fourth forward position and 
from the segment 86 in the second, third and 
fourth reverse position through the terminal 75 
and a conductor 34 to the conductor 34, the relay 
windings 65U and 662U are fully energized and 
the relays 65 and 66 are picked-up while the 
master SWitch 37 is in these positions, and the 
relay it is dropped-out since the winding 642U is 
completely deemergized due to the fact that both 
cf its terminals are connected to the trolleybar 1. 

In considering the operation of the control 
System of Fig. 7, first assume that the motor 53 
is at rest and is to be accelerated to full Speed ii. 
the forward direction by moving the master 
SWitch 3 from the off position to the fourth for 
ward position. With the master switch in the 
off position, the relays 6,62, 64 and 65 are picked 
up but no circuit is completed by their contacts 
since the relay. 58 is deemergized and the relays 
63 and 66 are dropped-out, 
The relay 63 is picked-up while the naster 

Switch 3 is in any of the forward positions and its 
contacts 63b cornplete an energizing circuit for 
the winding 36U from the conductor 33, through 
a conductor 98, the normally closed contacts 42d, 
the Winding 460, and a conductor 99 to the con 
ductor 3. The contactor 46 in response to the 
energization of its winding 360 opens its contacts 
46d to prevent subsequent energization of the 
Winding 60 while the master SWitch 37 is in the 
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forward positions, closes its contacts 46a and 46b 
to connect the motor 53 to the conductors 3i, 32 
and 33 for operation in the forward direction, 
and closes its contactS 46c to complete an energiz 
ing circuit for the Winding 820 from the con 
ductor 33 through a conductor 33, the winding 
480, a conductor ( , the normally closed coin 
tacts 58d, and a conductor 62 to the conductor 
99. The contactor 48 in response to the energiza 
tion of its winding 8.9 closes its contacts (8c, and 
48b to short circuit the resistance section 54a, 
and closes its contacts (88c in the energizing cir 
cuit for the winding 49a). The notor 530 if 
loaded now operates at slow speed with the re 
sistance sections 53b, 54c, and 54d effective in the 
Secondary circuit. 

: The relay 62 is picked up while the master 
Switch 37 is in the second, third, or fourth forward 
positions and its contacts 62b are closed to com 
plete the energizing circuit, for the Winding $31, 
from the conductor 33 through the now closed 
contact 63c, a conductor 33, the now closed con 
tacts 48c, the Winding 49 u), and a conductor 34 
to the conductor SS. The contactor 9 in e 
Sponse to the energization of its winding 490 
closes its contacts 49a, and 49b to short circuit, 
the additional resistance section 54b, and closes 
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its contacts 49c in an energizing circuit for the 
winding 500. The motor 53 D now operates at a 
higher speed with the resistance section 54c and 
54d remaining effective in the secondary cir 
cuit. 
The relay 66 is picked up in the third and fourth 

forward positions and its contacts 66d are closed 
to complete the energizing circuit for the winding 
50w) from the conductor 33 through the now closed 
contacts 62c and 63d, a conductor 05, the now 
closed contacts 49c, the winding 500, and a con 
ductor 06 to the conductor 99. The contactor 
50 in response to the energization of its winding 
50w) closes its contacts 50d and 50b to short circuit 
the additional resistance section 54c, and closes 
its contacts 50c in an energizing circuit for the 
winding 5 up. The motor 53 now operates at a still 
higher speed with only the resistance section 54d 
effective in the secondary circuit. 
The relay 65 is picked up in the fourth forward 

position of the master switch 37 and its contacts 
65c close to complete the energizing circuit for 
the Winding 5u) from the conductor 33 through 
the now closed contacts 62d, 63e and 66e, a con 
ductor OT, the contacts 50c, the winding 50, and 
a conductor 08 to the conductor 99. The con 
tactor 5 in response to the energization of its 
Winding 5 fu) closes its contacts 5d and 5b to 
short circuit all of the sections of the resistance 
bank 54. The motor 53 now operates at its maxi 
mum speed for the load being driven. 
The motor 53 may be caused to operate in the 

reverse direction by moving the master switch 3 
from the off position into the reverse positions. 
As soon as the master switch 37 is moved from 
the off. position to the first reverse position, the 
relay 66 picks up as hereinbefore described and 
causes the contactor 47 to pick up and open its 
contacts 47d to prevent pick-up of the contactor 
46 in subsequent reverse positions. In all of the 
reverse positions the contactor 4 is picked-up 
and the contacts 48a and 47 b are closed to en 
ergize the motor 53 for reverse operation due to 
the completion of an energizing circuit for the 
Winding 47 u) from the conductor 33, the contacts 
66b, a conductor 09, the winding 470, and the 
contacts 46d to the conductor 99. Closure of the 
contacts 47c upon pick-up of the contactor 47 
completes the circuit from the conductor 33 to 
the conductor 00 to effect pick-up of the con 
tactor 48 solong as the contacts 58d remain closed. 
The contactor 49 is picked-up in the second, third 
and fourth reverse positions due to completion 
of a circuit from the conductor 33 to the con 
ductor 03 through the contacts 65b and 66c, the 
contactor 50 is picked-up in the third and fourth 
reverse positions due to completion of a circuit 
from the conductor 33 to the conductor 0.5 
through the contacts 6b, 63d and 66d, and the 
contactor 5 is picked-up in the fourth reverse 
position due to completion of a circuit from the 
conductor 33 to the conductor OT through the 
contacts 62d, 63c, 65c and 66c. 

If the master switch is returned from any of 
the forward or reverse positions to the off posi 
tion, all of the contactors and relays drop out 
except the relays 6, 62, 64 and 65, the closed 
contacts of which complete no circuits at this 
time since the relays 63 and 66 are dropped-out 
and the contacts 58b and 58C are open. Upon 
opening of the contactors 46 or 47, the motor 53 
coasts to rest or may be stopped by a friction brake 
(not shown). 

If it is desired to plug the motor 53, i. e. to 
reverse the phase sequence of the primary ex 
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citation while the motor is rotating, the master 
switch 37 may be moved from any one of the 
forward positions to any one of the reverse posi 
tions or from any one of the reverse positions to 
any one of the forward positions. As soon as the 
motor is plugged, the frequency of the secondary 
voltage increases above the frequency of the pri 
mary excitation and the relay 58 picks up to open 
its contacts 58a and close its contacts 58b and 
58c. Closure of the contacts 58b and 58c com 
pletes no circuit So long as the master Switch is 
in any of the forward or reverse positions other 
than the first forward or first reverse positions. 
Opening of the contacts 58d. interrupts the cir 
cuit for the winding 82a) through the conductor 
Ol. The contactor 48 thus cannot be picked-up 
during the plugging period and its open contacts 
48c prevent closure of the contactors 49, 50 and 
5. All of the resistance bank 54 is thus effective 
in the secondary circuit during plugging. 
The relay circuit 52 is adjusted to cause the 

relay 58 to drop out when the frequency of the 
Secondary voltage substantially equals the fre 
quency of the primary excitation and therefore 
the relay 58 drops out when the motor 53 reaches 
standstill and closes its contacts 58a to permit, 
acceleration of the motor 53 in the opposite di 
rection, as previously described in starting from 
rest, to an extent depending upon the position 
of the naster switch 37. 

If, however, the naster switch 37 is returned 
to the off position while plugging is in progress, 
closure of the contacts 6a, 62d, 64a and 65d. 
completes a circuit through the now closed con 
tacts 58b or 58c depending upon which of the 
contactors 46 and 4 is picked-up during plug 
ging. If the contactor 46 is picked-up during 
plugging, it remains picked-up after the mas 
ter Switch is returned to the off position due to 
an energizing circuit for its winding 46t) which 
extends from the conductor 33 through the con 
tacts 6d, 62d, 64d, 65a and 58b, the conductor 98, 
the contacts 4d, and the winding 46D to the con 
ductor 99. If the naster Switch 37 remains in 
the off position, the contactor 46 remains closed 
to apply plugging power to the motor 53 until the 
Speed of the motor approaches zero, at which 
time the relay 58 drops out and opens its con 
tacts 58b to effect deenergization of the winding 
460. The contactor 46 thereupon drops out and 
opens its contacts 46a and 46b to effect deener 
gization of the motor 53. Preferably the relay 
circuit 52 is so adjusted that it responds at a 
motor Speed just slightly above zero so that the 
motor is at standstill when the contactor 46 
drops out. 
A similar plug-to-stop sequence occurs in plug 

ging from the forward direction of motor rota 
tion except that the contacts 58c of the relay 58 
control the Operation of the contactor 47 instead 
of the contacts 58b controlling the contactor 46. 

It is to be noted that the contacts 63d are in 
parallel With the contacts 62a and also complete 
a circuit to the Winding 470 through the con 
tacts 58c in the first master switch position dur 
ing plugging from the forward direction. This is 
to insure that the contactor Al, which is picked 
up for plugging operations while the master 
switch is in all of the reverse positions, does not 
drop out in moving to the off position due to the 
possibility of the contacts 63to opening before the 
contacts 62a close. Likewise the contacts 66a 
in parallel with the contacts 65d insure proper 
operation of the contactor 46 in plugging-to-stop 
from the reverse direction of motor rotation. If 
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desired, the contacts 62d, 63a, 65a and 66d may 
be omitted and the contactors 46 and 47 con 
trolled during plugging-to-stop operations by us 
ing only the series connected contacts 6 a. and 
63d to complete the circuit from the conductor 
33 to the contacts 53b and 58c. As indicated in 
Fig. 8, the contacts 6 a. and 64a are both closed 
only while the master switch is in the off position 
or the first forward and reverse positions. 

It will be obvious to those skilled in the art 
that suitable speed responsive or definite time 
relays may be added to the controller of Fig. 7 
to control the time of pick-up or drop-out or 
both of the contactors 49, 50 and 5. 

Because of permutations and combinations of 
relay contacts possible when two or more relay 
groups of the type of the relay groups 0, 44 and 
45 are used in a single controller, it is possible 
to perform extremely complicated control func 
tions through a minimum number of control 
wires. From a study of Fig. 7 it will become ap 
parent that numerous control functions of vari 
ous degrees of complexity can be effected 
through only one or two control conductors. In 
the case of the more complicated switching se 
quences such as illustrated by way of example in 
Fig. 7, exactly the same sequences can be per 
formed as are performed by the usual master 
Switch with numerous control conductors, except 
that operating movement of the master switch 37 
in some instances must be done more slowly in 
order to permit drop-out and pick-up of the 
necessary relays at each position before proceed 
ing to the next position. It will be obvious from 
a study of Fig. 7 that substantially all of the con 
ventional master switch contact combinations 
are obtainable by the contacts of the relays in 
the relay groups 44 and 45. 

claim: 
1. In a control system, a group of three elec 

troresponsive devices each having a pair of op 
erating terminals, means electrically connecting 
one operating terminal of each of said devices to 
a common conductor means, means for connect 
ing the other operating terminal of each of said 
devices to non-neutral terminals, respectively, of 
a source of three-phase power, said devices be 
ing operative when subjected to the line-to-line 
voltage of said source, being inoperative when 
unenergized, and continuing to be inoperative 
when, in said inoperative condition, they are 
subjected to the line-to-neutral voltage of said 
source and means for selectively connecting Said 
conductor means to said terminals. 

2. In a control system arranged to be energized 
from a source of three-phase power, through 
three non-neutral power conductors, a group of 
three electroresponsive devices each having an 
operated and a non-operated condition and each 
having an operating winding the impedance of 
which increases when the associated device 
changes from said non-operated condition to 
said operated condition, each of said devices be 
ing operative to change from its non-operated 
to its operated condition only when the voltage 
impressed on its associated winding is substan 
tially above the line-to-neutral voltage of Said 
source, means connecting said windings in legs, 
respectively, of a Y network having a terminal 
common to said windings and having three legs 
terminating at three non-common terminals, 
respectively, means for connecting the non 
common terminals of said network to said power 
conductors, respectively, and means for selec 
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tively connecting the common terminal of said 
network to said power conductors. 

3. In a control system energized from a source 
of three-phase power through three non-neutral 
power conductors, a group of three electrore 
sponsive devices each having an operated and a 
non-operated condition and each having an op 
erating winding, the impedance of which in 
Creases When the associated device changes from 
said non-operated condition to said operated 
condition, each of said devices being operative to 
change from its non-operated to its operated 
condition only when the voltage impressed on its 
aSSociated Winding is substantially above the 
line-to-neutral voltage of Said source, means 
connecting said windings in legs, respectively, of 
a Y network having a terminal common to said 
windings and having three legs terminating at 
three non-common terminals, respectively, 
means connecting the non-common terminals of 
said network to said power conductors, respec 
tively, and means connected to said common ter 
minal and to said power conductors for Selectively 
connecting said common terminal to said power 
conductors. 

4. In a control System for a plurality of elec 
troresponsive devices arranged to be energized 
from a Source of three-phase power and having 
Operating Windings, respectively, for effecting 
operation of said devices respectively from a de 
energized to an energized position, said windings 
having Substantially the same impedance when 
the respective devices are all in the same posi 
tion and increasing in impedance upon operation 
of the respective devices from their deenergized 
positions to their energized positions, each of 
Said devices being operable magnetically to its 
energized position if the voltage across its re 
Spective winding is substantially equal to the 
line-to-line voltage of said source but not so op 
erable if the voltage across its respective Wind 
ing is less than or substantially equal to the line 
to-neutral voltage of said source, means for con 
necting said Windings in a Y network to said 
Source so that when said devices are all in the 
same position each of said windings is subject 
ed to Said line-to-neutral voltage, and means in 
cluding a common connection to each of said 
windings made at the neutral of said Y network 
for connecting said windings to said source so 
that Some of said windings are subjected to the 
line-to-line voltage of said source, whereby the 
devices associated with said some of said, wind 
ings move to their energized positions. 

5. In a control System for three electrorespon 
sive devices, having operating windings, respec 
tively, which normally have substantially the 
same impedance but which increase in imped 
ance upon operation of the respective devices to 
their operated positions, a source of three-phase 
power, each of said devices being operable mag 
netically to its operated position only, if the volt 
age across its respective winding is above the 
line-to-neutral voltage of said source, means for 
connecting said windings, to said source in legs, 
respectively, of a Y network having a neutral 
terminal so that normally each of said windings 
is subjected to, said line-to-neutral voltage, and 
means comprising a single control, conductor for 
connecting the neutral terminal of said network 
selectively to, terminals of Said source so that 
said, windings are. selectively, subjected to the 
line-to-line voltage of said source, whereby, the 
devices associated with said some of said wind 
ings move to their operated positions. 



2,467,901 
13 

6. In a control system, a plurality of electro 
magnetic SWitches having operating windings, 
respectively, connected in legs, respectively, of 
a star network having three or more legs and hav 
ing its non-common terminals connected, re 
spectively, to non-neutral terminals of a source 
of polyphase power having a line-to-line voltage 
materially greater than its line-to-neutral volt 
age, the characteristics of said switches being 
such that they remain in their normal dropped 
out position when, in said dropped-out position, 
they are subjected to a voltage substantially equal 
to the line-to-neutral voltage of said source and 
move to their picked-up positions when subject 
ed to a voltage substantially equal to the line 
to-line Voltage of said source, means for Con 
necting the common terminal of said netWork to 
one terminal of said source, whereby the volt 
age across one of said Windings is Zero and the 
voltage across the remainder of said windings is 
equal to the line-to-line Voltage of said Source. 

7. The combination with a master controller 
having contacts arranged to be electrically con 
nected to non-neutral terminals of a source of 
three-phase power, respectively, and a group of 
three electrically operated Switches having their 
operating windings connected in legs, respec 
tively, of a normally balanced Y network hav 
ing a terminal common to said Windings, said 
switches being operative when subjected to the 
line-to-line voltage of said source, being inop 
erative When unenergized, and continuing to be 
inoperative when, in said inoperative condition, 
they are subjected to line-to-neutral voltage of 
said source, of means for electrically connecting 
the non-common terminals of said netWork to 
the terminals of the Source, respectively, a con 
trol conductor electrically connecting the com 
mon terminal of said network to a terminal on 
said controller, and means associated with said 
controller for selectively connecting said termi 
nal of Said controller to said contacts. 

8. In a control system, a controlling station, 
a controlled Station, three non-neutral power 
conductors extending between said stations and 
arranged to be energized from a source of three 
phase power, a group of three electroresponsive 
devices at Said controlled station having their 
operating windings connected in legs, respec 
tively, of a Y network, said devices being oper 
ative when subjected to the line-to-line voltage 
of Said Source, being in operative When unener 
gized, and continuing to be inoperative when, in 
said inoperative condition, they are subjected to 
the line-to-neutral voltage of said source, means 
connecting the non-common terminals of said 
network to said power conductors, respectively, 
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a control conductor extending from the common 
terminal of said network to said controlling sta 
tion, and a switching mechanism at said control 
ling station for selectively connecting said con 
trol conductor to said power conductors. 

9. The combination. With a master controller 
having a plurality of groups of three contacts 
each, the three contacts of each group being 
Connected, respectively, to three non-neutral 
conductors energized from a source of three 
phase power, of a plurality of groups of electro 
magnetic switches of three switches each, the 
Switches of each group having their operating 
windings connected in legs, respectively, of Y 
netWorks, respectively, said networks each hav 
ing a COInnon terminal and three non-common 
terminals which are connected to said source 
conductors, respectively, a control circuit includ 
ing contacts of a switch in each of said groups, 
electrical connections between the common ter 
minals of said networks, respectively, and said 
master controller, and said master controller be 
ing arranged to connect said electrical connec 
tions to said power conductors selectively, 

10. In a control System arranged to be ener 
gized from a source of polyphase power provided 
With a plurality of non-neutral source terminals 
and having a line-to-line voltage materially 
greater than its line-to-neutral voltage, a 
group of electro-responsive devices comprising 
as many devices as there are non-neutral source 
terminals, said devices being operative when sub 
jected to the line-to-line voltage of said source, 
being in operative When unenergized, and con 
tinuing to be inoperative when, in said inoper 
ative condition, they are subjected to the line 
to-neutral Voltage of said source, means electri 
cally connecting one operating terminal of each 
of said devices to a common conductor means, 
means for connecting the other operating ter 
minal of each of said devices to said non-neutral 
Source terminals, respectively, and means for se 
lectively connecting said conductor means to said 
Source terminals. 

BRUCE E. McARTHUR. 
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