
E. S. LAMMERS, JR, 
MOTOR CONTROL SYSTEM, 

APPLICATION FLED JUNE 13, 1917, 

1,392,255. Patented Sept. 27, 1921. 
- 3 SHEETS-SHEET 1. 

7 Araffer 30 

to a w is 
60. 

S-58 

A.77 2. 

WITNESSES : NVENTOR 

24 a. -z-z. Adwin S. lammers.Jr. 
Cf2 BY 

2 A 7 3, a- ATTORNEY 

  

  



MOTOR CONTROL SYSTEM, 
E. S. LAMMERS, Jr. 

APPLICATION FED JUNE 13, 1917, 

No.Ë. -Ë 

WITNESSES : 

1,392,255 

  

  

  

  



E. S. LAMMERS, Jr. 
MOTOR CONTROL SYSTEM, 

APPLICATION FILED JUNE 13, 1917, 

1,392,255, Patented sept. 27, 1921. 
3 SHEETS-S HEET 3, 

a 6. 7/ WITNESSES : f776. NVENTOR 
. 24 6,224. Adwin S. Zammers, Jr. 

BY 

7& 22 4-trait? 

  



10 

5 

20 

25 

30 

35 

40 

45 

UNITED STATES PATENT office. 
EDWIN s. LAMMERS, J.R., OF WILKINSBURG, PENNSYLVANIA, ASSIGNOR. To west 

INGHOUSE, ELECTRIC & MANUFACTURING COMPANY, A CORPORATION OF PENN 
SWANA 

MOTOR-CONTROL, SYSTEM. 

1,392,255. Specification of Letters Patent. Patented Sept. 22, 1921. 
Application filed June 13, 1917. Serial No. 174,439. 

To all whom it may concern; 
Be it known that I, EDw IN. S. LAMMERs, 

Jr., a citizens of the United States, and a 
resident of Wilkinsburg, in the county of 
Allegheny and State of Pennsylvania, have 
invented a new and useful Improvement in 
Motor-Control Systems, of which the foll 
lowing is a specification. - 
My invention relates to motor-control sys 

tems and it has for its object to provide a 
simple and effective arrangement for insur 
ing the operation of a series of electromag 
netically operable switches in a predeter 
mined sequence. 
My invention comprises a series of pro 

gressively actuated switches, each of which is provided with a pair of coils of substan 
tially equal ampere-turns. It is necessary 
that both coils of any switch shall be ener 
gized in order to effect the closing of the 
switch, Either of the coils, when energized, 
exerts a pull that is sufficient to retain the 
switch in its closed position. 
A series of switches arranged in the man 

ner described above may be employed in 
various ways. For example, they may be 
embodied in a system for controlling the 
field excitation dynamo-electric machines 
employed in connection with reversing blooming mills for rolling steel. They may 
also be employed in connection with electric 
motors for operating mine hoists or other 
machines in which it is desirable that the 
controlling switches operate in a predeter 
mined sequence either automatically or in 
accordance with the position of a manually 
operable controller. 

In the accompanying drawings, Figure 1 
is a diagrammatic view of the main and 
field circuits of a generator and an electric 
motor such as are employed in connection 
with steel mill operations. Fig. 2 is a chart 
indicating the sequence of operation of the 
various switches of the system shown in Fig. 
1. Fig. 3 is a diagrammatic view of cir 
cuits and apparatus illustrating my inven 
tion applied to the circuits of an electric 
motor. Fig. 4 is a diagrammatic view of 
the circuits and apparatus for controlling 

50 the various switches shown in the system of 
Fig. 1. Fig.5 is a diagrammatic view of a 
series of switches arranged in accordance 
with my invention for automatically con 
trolling the circuits of an electric motor, 

Fig. 6 is a schematic arrangement of the 
principal circuits of the system shown in 
Fig. 5. 
Referring particularly to Fig. 1, a gen 

erator G and a motor Mare permanently 
connected in a closed circuit. The generator G is provided with a field-magnet winding 
1. The circuit of the field-magnet 1, which 
comprises a resistor 2, is controlled by re 
versing switches 3, 4, 5 and 6 and by a series 
of progressively actuated switches 7, 8, 9 
and 10. The motor M is provided with a 
field-magnet winding 12 which is in circuit 
with a resistor 13. The resistor 13 is con 
trolled by a second series of progressively 
actuated switches 14, 15, 16 and 17. 

Reference may now be had to Fig. 4, in 
which the circuits and apparatus for con 
trolling the several switches embodied in 
the system of Fig. 1 are diagrammatically 
illustrated. Similar reference numerals are employed to designate corresponding parts. 
Each of the several switches 7, 8, 9, 10, 14, 
15, 16 and 17 is provided with a pair of mag 
net coils 18 and 19. The coils 18 and 19 are 
of substantially equal ampere-turns. It is 
necessary that both members of a pair of 
coils shall be energized in order to effect the 
closing of the corresponding switch. The 
switch, when closed, may be retained in that 
position when either of the coils is energized 
The coils 18 are arranged to be energized 

in order in accordance with the position of 
the manually operable master switch or con 
troller 20. The circuits of the respective 
coils 18 are arranged to be controlled by the 
preceding switch to close in order that the 
switches may close in the predetermined 
sequence regardless of the rate at which the 
controller 20 is actuated to its full running 
position. The coils 19, which are connected 
in parallel circuit relation to each other, are 
arranged to be energized simultaneously. 

Current for the various control circuits 
and for supplying energy to the respective 
field-magnet windings of the generator and 
of the motor is furnished by an exciter gen 
erator E. The circuits o 
switches 7, 8, 9 and 10 are controlled by a relay 22 having an actuating coil 23 which 
is connected, by means of conductors 24 and 
25, across the terminals of a resistor 26 that 
is in series-circuit relation with the gener 
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relay 22 accordingly controls the circuits 
of the coils 19 in accordance with the value 
of the current traversing the main circuit. 
The effect of the operation of the relay 22 

is controlled by a relay 27 which normally 
occupies its illustrated position. The relay 
27 is controlled by a coil 28 that is in series 
with the coils 18 of switches 7, 8, 9 and 10 
and is energized in accordance with the num 
ber of coils 18 that are connected in circuit 
by the controller 20. The relay 27 is con 
trolled also by a coil 29 which is connected 
by means of conductors 30 and 31 across the 
terminals of the generator G. The coil 29 
opposes the force of the coil 28 with a force 
that is proportional to the value of the volt 
age of the generator G. 
A spring 32 tends to retain the relay 27 in its illustrated position. During the oper 

ation of the controlling switches, the position 
of the relay is dependent upon the value of 
the voltage of the generator corresponding 
to the portion of the resistor 2 which is in 
circuit, as determined by the position of the 
controller 20, relatively to the actual volt 
age of the generator as measured by the 
degree to which the coil 29 is energized. 
The coils 28 and 29 tend to actuate the relay 
27 in opposite directions. 
A relay 34, which is similar to the relay 22, 

controls the circuits of the coils 19 of the 
switches 14, 15, 16 and 17. The relay 34 is 
provided with an actuating coil 35 that is 
connected across the terminals of the resis 
tor 26. The effect of the operation of the 
relay 34 is controlled by a relay 36 which 
normally occupies its illustrated position. 
The relay 36 comprises actuating coils 37 

and 38 which respectively tend to actuate 
the switch toward and from the position in 
which it is illustrated. The coil 37 is con 
nected in series with the coils 18 of the 
switches 14, 15, 16 and 17. The coil 37 is 
accordingly energized to a degree depending 
upon the number of coils 18 that are in 
circuit. 
The coil 38 is connected, by means of con 

ductors 39 and 40, across the terminals of 
a section of the resistor 13. The coil 38 
is energized, therefore, in accordance with 
the value of the current traversing the field 
magnet winding 12 of the motor. A spring 
41 tends to retain the relay 36 in its illus 
trated position. 

It may be assumed that the generator is 
driven at any desired speed and that its 
voltage is substantially of zero value. It 
may be assumed further that the motor is 
stationary. When the various relays and 
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switches occupy their respective illustrated 
positions, a control switch 44 is closed and 
the coils 19 of the switches 7, 8 and 9 are 
energized by a circuit which extends from 
the positive terminal of the exciter E 
through a portion of conductor 43, relays 

1,892,255 

27 and 22, coils 19, which are in parallel re 
lation, and switch 44 to the negative ter 
minal of the exciter. The coils 18 of these 
switches are deenergized because their re 
spective circuits are open at the master con 
troller. 
The corresponding coils 19 of the switches 

14, 15, 16 and 17 are energized by a circuit 
which extends from the positive terminal of 
the exciter E through a portion of conductor 
43, relays 36 and 34, coils 19, which are in 
parallel relation, to the negative terminal of 
the exciter. The switches 14, 15, 16 and 17 
are closed when the controller is in its “off” 
position. When the switch 10 is open, a 
circuit for the coil 18 of switch 14 is com 
pleted which extends from the positive ter 
minal of the exciter E through an interlock 
connected to switch 10, coil 18 of switch 14 
and coil 37 to the negative terminal of the 
exciter. 

Since both the coils 18 and 19 of switch 
14 are energized, this switch closes to com 
plete a shunt circuit for the corresponding 
section of the resistor 13. The coils 18 of 
switches 15, 16 and 17 are respectively con 
trolled by interlocks connected to the pre 
ceding switch to close, and the closing of 
switch 14 accordingly effects the closing of 
switches 15, 16 and 17 in the order named. 
The major portion of the resistor 13 is 
shunted by these switches and the motor 
is provided with a strong magnetic field for 
starting. 
An interlock connected to switch 17 com 

pletes a circuit for connecting the coil 38 
across the terminals of that section of the 
resistor 13 that is not controlled by the 
switches 14, 15, 16 and 17. The coil 38 is 
energized to a maximum degree because the 
value of the field current is a maximum. 
The force of the coil 38 predominates over 
that of the coil 37 and the spring 41 and the 
relay is overbalanced. It assumes its other 
operative position in which the coils 19 of 
the switches 14, 15, 16 and 17 are deenergized 
so long as the relay 34 remains in its illus 
trated position. 
To accelerate the motor in the forward di 

rection, the controller 20 is actuated to the 
left, as viewed in Fig. 4. When the con 
troller occupies position a, a circuit is com 
pleted which extends from the positive ter 
minal of the exciter through conductor 43, 
controller 20, interlock 45 of switch 3, actu 
ating coils of reversing switches 4 and 6 and 
coil 28 of relay 27 to the negative terminal 
of the exciter 
As best shown in Fig. 1, the closing of the 

switches 4 and 6 establishes a circuit for the 
field-magnet winding 1 of the generator 
which extends from the positive terminal of 
the exciter, through switch 4, resistor 2, 
field-magnet winding 1 and switch 6 to the 
negative terminal of the exciter. 
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In position b of the controller 20, a circuit 
is completed which extends from the con 
troller 20, which is connected to the positive 
terminal of the exciter, through conductor 
46, interlock connected to switch 6, coil 18 
of switch 7 and coil 28, to the negative ter 
minal of the exciter. The switch 7 is now 
closed since both of its operating coils 18 
and 19 are energized. 

0 The closing of switch 7 partly completes a 
circuit for the actuating coil 18 of switch 

5 

20 

8 and the latter switch closes when the con 
troller 20 is actuated to the succeeding posi 
tion 6. The switches 8, 9 and 10 accordingly 
close in order as the controller is actuated 
to its successive positions c, d and e. Sub 
stantially the entire resistor 2 is shunted and 
the voltage of the generator has increased to 
a corresponding degree. Each of the 
switches 8, 9 and 10, upon closing, completes 
a holding circuit, for the coil 18 of the pre 
ceding switch to close and the switch 7, 
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upon closing, completes a holding circuit for 
the coils of the reversing switches. The 
function of these holding circuits is to con 
trol the sequential operation of the switches 
during deceleration. 
Upon the closing of switch 10, an inter 

iock 47, which is mechanically connected 
thereto, opens the circuit previously traced 
for the coii i8 of switch 14. The latter 
switch does not open, however, because an 
interlock connected to switch 15 controls the 
hoiding circuit for the coil 18. The actua 
tion of the controllier to position f effects the 
opening of the holding circuit for coil 18 of 
Switch 14 through the interlock connected to 
switch 5. As there is one less coil 18 in 
circuit, with the coil 37, the force of the coil 
37 is overbalanced by that of the coil 38, 
causing the relay 36 to open, thereby to open 
the circuits of the coils 19. The switch 14. 
opens to insert, the corresponding section of 
the resistor 13 in series with the field-magnet 
winding 12 to further accelerate the motor. 
The actuation of the controller to its suc 
ceeding positions effects the opening of 
switches 15, i8 and 17 in order to further 
weaken the field of the motor and thereby 
effect, its acceleration to its normal speed. 
The operation of the system has been de 

scribed upon the assumption that the con 
troller 20 is actuated in a step-by-step man 
ner from its “off” position to its full running 
position. In actual practice, however, the 
controller 20 may be actuated from the one 
position to the other by a comparatively 
quick continuous movement. In such case, 

f the reversing switches 4. : he operaÉion of 
the Switches 7, 8, 9 and 10 occurs 

automatically and in the order described 
The raiay 27, which controls the cir 

s Syvitches, does not operate to interrupt the 
circuit, cognections of the coils 8 because 
uits of the cois 18 of the latter group of 

the coil 28 of the relay is always energized 
to a greater degree than the opposing coil 29. 
The number of coils 18 that are connected in 
circuit is such that the coil 28 is energized 
to maintain the relay in its illustrated posi 
tion. The generator voltage does not in 
crease simultaneously with the operation of 
the switches for increasing the 
tion of the generator. 
The switches 14, 15, 16 and 17 open in 

order upon the closing of switch 10 since 
the holding circuits for the coils 18 of these 
switches are opened at the controller 20, and 
these coils are accordingly de?nergized in 
order upon the opening of the preceding 
switch. The opening of switch 17 opens 
the shunt circuit for a section of resistor 13 
and the coil 38 is accordingly de?nergized. 
The coil S is de?nergized also since none 
of the coils 18 of the latter group of switches 
are in circuit. The relay 36 accordingly as 
sumes its normal position to complete cir 
cuits for the-Gais 19 in preparation for the 
closing of the Switches. 
The operation of the switches described 

above occurs without interruption in case 
the current traversing the main circuit of 
the motor and the generator does not exceed a 
predetermined value. In case, however, the 
voltage of the generator is increased at such 
rate that the current traversing the main 
circuit exceeds the predetermined value, the 
coil 23 is energized to open the relay 22 
and thereby open the circuits of the coils 19 
of switches 7, 8, 9 and 10. 
The switches that are closed remain in 

this position because the corresponding 
coils 18 exert a pull that is sufficient to re 
tain them in the closed positions. The relay 
22 occupies its open position so long as 
the current traversing the main circuit ex 
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ceeds the predetermined value, and the op 
eration of the switches is accordingly inter 
rupted for a corresponding period. When 
the current falls to the predetermined value, 
the relay 22 closes and the closing of the 
switches continues in order unless the cur 
rent again exceeds the predetermined value. 

In the same manner, the operation of the 
switches 14, 15, 16 and 17 is interrupted by 
the operation of relay 34 in case the coil 35 
is sufficiently energized to actuate the relay 
to its upper position. When the relay 34 oc 
cupies its upper position, the circuits of the 
coils 19 are completed through the relay 36, 
and the opening of the switches to insert the 
resistor 13 in series with the field-magnet 
winding 12 is interrupted until the current 
traversing the main circuit falls to the pre 
determined yate. - 

It will be readily understood that the con 
troller may be actuated to its full running 
position by a continuous movement and that 
the operation of the system will occur auto 
matically. The operation of the controlling 
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switches is interrupted automatically upon 
the occurrence of abnormal current condi 
tions, but the operation of the switches is 
resumed when normal conditions again ob 
tain. The voltage of the generator is thus 
increased and the field excitation of the mo 
tor is decreased at such rates that the mo 
tor is accelerated at a maximum rate con 
sistent with safety. 
To decelerate the motor, the controller is 

actuated toward its “off’ position. When the 
controller occupies position h, the coil 18 
of switch 17 is again energized by means of 
a circuit which comprises the coil 37 of re 
lay 36. The coils 19 of the motor control 
ling switches are energized when the relay 
occupies its illustrated position. 
The switch 17 accordingly closes to com 

plete a shunt circuit for the corresponding 
section of resistor 13. The closing of switch 
17 completes the circuit of coil 38 and, when 
the current traversing the field circuit of the 
motor reaches a value corresponding to the 
adjustment of the controller, the coil 38 pre 
dominates and the relay 36 is actuated to 
open the circuit of the coils 19. is 
When the controller occupies position g, 

the coil 18 of switch 16 is energized and the 
coil 37 of relay 36 again predominates to ac 
tuate the relay to its illustrated position and 
thereby complete a circuit for the coils 19, 
whereupon the switch 16 closes. The op 
eration of the relay 36 occurs between the 
closing of the successive switches in order 
to prevent the shunting of the resistor at a 
rate faster than that at which the field cur 
rent increases. 
When all of the motor controlling switches 

are closed, the motor operates with a field 
maximum strength and its speed is accord 
ingly decreased. The closing of switch 14 
opens the holding circuit of coil 18 of switch 
10 and restores the control of the latter 
switch to the controller 20. 
When the controller occupies position d. 

the coil 18 of switch 10 is deenergized and 
the pull exerted by the coil 28 is decreased 
to a corresponding degree. The force ex 
erted by the coil 29 is a maximum since the 
generator voltage is at its normal value, 
fhe coil 29 predominates and the relay 27 is 
accordingly actuated to its other operative 
position to open the circuits of the coils 19 
that are controlled by it. The switch 10 ac 
cordingly opens to insert the corresponding 
section of resistor in circuit with the gener ator field-magnet winding. 
The coil 29, of relay 27 predominates so 

long as the generator voltage exceeds the 
value corresponding to that for which the 
controller is adjusted. If the generator con 
trolling switches are opened at a relatively 
rapid rate, the generator voltage is reduced 
to a value below that of the motor and the 
latter operates as a generator. If the cur 
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rent traversing the main circuit exceeds the 
predetermined value at which the relay 22 
operates, the latter is actuated to its upper 
position to close the circuits of the coils.19 
and thereby interrupt the operation of the 
switches to weaken the generator field. 
The switches 9, 8 and 7 open in order as 

the controller is actuated to its successive 
positions unless the current traversing the 
main circuit exceeds the predetermined value 
at which the relay 22 operates. The effect 
of weakening the generator field and thereby 
decreasing the generator voltage while the 
speed of the motor is decreasing tends to 
maintain the current traversing the main 
circuit at a maximum value and the speed of 
the motor is accordingly decreased at a 
maximum rate. 
The operation of the motor in the reverse 

direction is effected by actuating the con 
troller to the right, as viewed in Fig. 4. 
Reversing Switches 3 and 5 operate to com 
plete the circuit of generator field-magnet 
winding 1 with the connections of the latter 
reversed with respect to the terminals of the 
exciter E. The operation of the several 
switches and relays differs in no material 
respect from that described in connection 
with the operation of the motor in the for 
ward direction. 

It will be noted that, in the system illus 
trated in Figs. 1 and 4, I provide a series of progressively actuated switches for control 
ling the respective field circuits of an elec 
tric generator and an electric motor. Each 
of the switches is provided with a pair of 
actuating coils both of which must be ener 
gized to effect the closing of the switch and 
either of which, when energized, retains the 
switch in its closed position. 
One member of each pair of coils is con 

trolled by a manually operable master 
Switch and by the preceding and succeeding 
Switches to operate. The other coils are 
controlled simultaneously by a relay that is 
actuated in accordance with the value of the 
current traversing the main circuit compris 
ing the motor and the generator armatures. 
The effect of the operation of this relay is 

controlled by a second relay having coils 
which tend to actuate it in opposite direc 
tions. One of the coils is energized in ac 
cordance with the number of operating coils 
connected in circuit by the master switch. 
in the case of the switches for controlling 
the field circuit of the generator, the second 
coil is connected across the terminals of the 
generator. The corresponding relay is ac 
cordingly controlled in accordance with the 
actual generator voltage relatively to the 
value of the voltage corresponding to the 
adjustment of the controller. 

in the case of the relay which coacts with 
the switches for controlling the motor field 
circuit, One of the opposing coils is connected 
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in series with tie coils controlled by the 
master switch and the other coil is so con 
nected as to be energized in accordance with 
the current traversing the field circuit of 
the motor. This relay operates, therefore, 
in accordance with the actual value of the 
current traversing the motor field circuit 
relatively to the value of the current corre 
sponding to the adjustment of the master 
switch. 

Reference may now be had to Fig. 3, in 
which a modification of my invention is 
diagrammatically illustrated. Line conduc 
tors 51 and 52 supply current to an electric 
motor, the armature of which is indicated at 
53 and which has a shunt field-magnet wind 
ing 54. A starting resistor 55 is controlled 
by a series of progressively actuated switches 
56, 57 and 58. 
The switches 56, 57 and 58 are respectively 

provided with actuating coils 59 and 60, 
both of which must be energized to effect the 
closing of the switch, but either of which 
exerts a pull of sufficient strength to main 
tain the switch in its closed position. The 
motor circuit is controlled by an electromag 
netically operable line switch 61. An inter 
lock 62 connected to the line switch 61 con 
trols the circuits of the coils 60. A relay 
63, having a coil 64 in series with the motor 
armature, controls the circuits of the coils 
59. A master switch 65 controls the opera 
tion of the several switches. . 
To start the motor, the controller is actu 

ated to the left, as viewed in Fig. 3. In 
position a, the coil 66 of line switch 61 is 
energized and the latter closes to complete 
the armature circuit of the motor through 
resistor 55. The interlock 62 partially com 
pletes the circuits of the respective coils 60. 
In position b of the master switch, the coils 
59 and 50 of switch 56 are energized and the 
switch 56 accordingly closes. The closing 
of switches 57 and 58 is effected upon the 
actuation of the master switch 65 to its suc 
ceeding positions. 
The closing of the switches in the order 

named is insured by the provision of inter 
locks connected to the switches 56 and 57 for 
controlling the circuits of the coils 60 of the 

The master 
switch 65 may accordingly be actuated from 
its illustrated position to its full running 
position by a rapid movement. The 
switches then close in order in case the cur 
rent traversing the motor circuit does not 
exceed a predetermined value. 

in case the current traversing the motor 
circuit reaches a value at which the coil 64 
is energized to operate the relay 63, the sev 
eral coils 59, which are energized upon the 
actuation of the master switch 65 to its full 
running position, are deenergized. If, for 
example, the switch 56 is closed, une opera 
tion of the relay 63 does not effect the open 

79. 

ing of switch 56 since the coil 60 exerts a 
force that is sufficient to retain it in its closed 
position. The coil 60 of switch 57 is also en 
ergized but the switch cannot be closed un 
til the coil 59 is energized. The closing of 
switch 57 occurs, however, upon the closing 
of relay 63, All of the coils 59 and 60 are 
deÉnergized upon the actuation of the con troller to its “off” position and the opening 
of line switch 6i, - 

70 

75 
The arrangement illustrated in Fig. 3 may 

be controlled either manually by the adjust 
ment of the master switch 65 to its run 
ning position in a step-by-step manner or 
the operation inay occur automatically upon 
the actuation of the master switch to its full 

80 

running position. While the operation of 
the motor is arranged for one direction only, 
it will be understood that my 
applicable equally as well to systems in 
which reversing mechanism is embodied for 
the purpose of operating the motor in oppo 
site directions. 

Referring now to Fig. 5, a second modifi 
cation of my invention embodies an arrange 
ment which operates automatically to ac 
celerate an electric motor when such action 
is initiated upon the operation of a manu 
ally operable master switch. An electric 
motor 69 has a series field-magnet winding 
70 and a shunt field-magnet winding 71. 
The armature circuit of the motor is con 
trolled by reversing switches 72, 73, 74 and 
75. A starting resistor 76 is controlled by 
switches 7 and 78, each of which is pro 

invention is 
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vided with a pair of operating coils simi- . 
lar in all material respects to the correspond 
ing coils of the systems previously de 
scribed. The motor circuit is controlled by 
an electromagnetically operable line switch 

The control circuit is controlled by a 
master switch 80 and a low-voltage relay 81. 
which is closed when the master switch oc 
cupies its off position and a control switch 
82 is closed. 
To start. the motor, the master switch. 8 

may be actuated, for example, in a clock 
wise direction, as viewed in Fig. 5, for the 
operation of the motor in the forward direc 
tion. A circuit is completed which extends 
from the positive side of control switch 82, 

05 

110 

5 

through overload relay 88, low-voltage relay 
81, master switch 80, coils of reversing 
switches 75 and 73, actuating coil of line 
switch 79, and overload relay 84, to the nega 
live side of the control switch 82. The re 
versing switches 73 and 75 close to complete 
the artinature circuit of the motor, and line 
iyeh 79 closes to connect the motor to the 

8. 

The closing of line switch 79 effects the 
completion of a circuit which extends from 
the positive terminal of the control switch 
82 through an interlock 85, which is me. 
chanically connected to switch 79, coil 86 of 
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switch 77, and accelerating relay 87, to the 
negative terminal of the control switch 82. 
A second circuit, which is completed by the 
interlock 85, extends through coils 88 and 89. 
The switch 77 is closed since both coils 

86 and 88 are energized. The closing of 
switch 77 completes a circuit for a coil 90 

0 

5 

of switch 78 and the latter closes to com 
plete a shunt circuit for the resistor 76. The 
operation of the switches thus occurs auto 
matically upon the actuation of the master 
switch to the one or the other of its opera 
tive positions. 

If the current traversing the motor cir 
cuit exceeds a predetermined value during 
the acceleration of the motor, the operation 
of the controlling switches 77 and 78 is in 
terrupted by the accelerating relay 87, the 
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actuating coil of which is in series with the 
armature of the motor. The accelerating 
relay 87 is adjusted to operate when the cur 
rent traversing the motor circuit corresponds 
to the E. load value. The closing of 
switch 78 shunts the actuating coil of the 
relav 87. is . . . 
F. operation of overload relays 83 and 

84, which are adjusted for abnormal current 
values, effects the opening of the reversing 
switches, the line switch 79, low-voltage re 
lay 81 and switches 77 and 78. It is then 
necessary to return the master switch 80 
to its “off’ position to again initiate the 
starting operation. 

I claim as my invention: . t 
1. In a motor-control system, the com 

bination with a generator and a motor in 
series circuit relation, each of said dynamo 
electric machines having a field-magnet 
winding, and a resistor in circuit with each 
of said field-magnet windings, of means for 
controlling said resistors, said means com 
prising a plurality of electro-magnetically 
operable switches each of which is provided 
with a pair of magnet coils both of which 
must be energized to close the corresponding 
switch, and means for insuring the energiza 
tion of one member of each pair of coils in 
a definite sequence. 

2. In a motor-control system, the combi 
nation with a plurality of progressively ac 
tuated switches, of a pair of operating coils 
for each of said switches, both of which 
must be energized to effect the closing of the 
corresponding switch, either of said coils 

* 55 

60 

6. 

being effective to retain said switch in its 
closed position, means for collectively con 
trolling corresponding coils of each pair 
and means for selectively controlling other 
coils of each pair. 

3. In a motor-control system, the combi 
nation with a plurality of progressively 
actuated switches, of a pair of operating 
coils for each of said switches both of which 
must be energized to effect the closing of 
the corresponding switch, either of said coils 

close being 
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being effective to retain said switch in its 
closed position, said coils and said switches 
being so connected as to insure the opening 
and the closing of said switches in a prede 
termined sequence, and means for initiating 
the operation of said switches. 

4. In a motor-control system, the com 
bination with a plurality of progressively 
actuated switches, of a pair of operatin 
coils for each of said switches E. O 
which must be energized to effect the closing 
of the corresponding switch, either of said 
coils being effective to retain said switch 
in its closed position, one member of each 
pair of coils, except that for the first switch 
to operate, being controlled by the precedin 
Switch to operate, a controller for the sai 
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members of the pairs of coils, and automatic 
means for controlling the energization of the 
other coils. 

5. In a motor-control system, the combina 
tion with a dynamo-electric machine and a 
plurality of progressively actuated switches 
operatively associated therewith of a pair 
of operating coils for each of said switches, 
the circuit of one member of each pair of 
coils being controlled by the preceding 
switch to operate, manually aff S 
for controlling said circuits, and means for 
controlling the circuits of the other coils in 
accordance with the value of the current 

machine. . . 
6. The combination with a plurality of 

progressively actuated switches, of means for 
insuring the opening and the closing of 
said switches in a predetermined order, said 
means comprisin 
ating coil for each of said switches in circuit 
with said master switch, each of said coils 
except that for the first of said switches to 

controlled by 
switch to operate, and each of said coils ex 
cept that for the last of said switches to close 
being controlled by the succeeding switch 
to operate. 

7. In a motor-control system, the com 
bination, with a dynamo-electric machine 
and a plurality of progressively actuated 
switches operatively associated therewith, 
of a pair of operating coils for each of said 
switches, the circuit of one member of each 
pair of coils being controlled by the pre 
ceding switch to operate, manually operable 
means for controlling said circuits, auto 
matic means for controlling the other mem 
bers of said pairs of coils in accordance 
with the value of the current traversing said 
dynamo-electric machine, and means for 
controlling the effect of the operation of said 
automatic means. 

8. In a motor-control system, the com 
bination with a dyanmo-electric machine 
and a plurality of progressively actuated 
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traversing the circuit of said dynamo-electric 
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a master switch, an actu 

the preceding 
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switches operatively associated therewith, of 130 
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a pair of operating coils for each of said 
switches, manually operable means for con 
trolling one member of each pair of coils, 
and a relay for automatically controlling 
the other coils in accordance with the value 
of the current traversing said dynamo-elec 
tric machine. 

9. The combination with an electric cir 
cuit and a plurality of progressively actua 
ted switches for controlling the same, of a 
pair of operating coils for each of said 
switches, manually operable means for con 
trolling one N. of each pair of coils, 
a relay for automatically controlling the 
other coils in accordance with the value of 
the current traversing said circuit, and a 
second relay for controlling the effect of the 
operation of the other relay in accordance 
with the actual circuit conditions produced 
by said manually operable means relatively 
to the circuit conditions corresponding to 
the adjustment of said manually operable 
e.S. 

10. In a motor-control system, the com 
bination with a dynamo-electric machine 
and a plurality of progressively actuated 
switches operatively associated therewith, of 
a pair of operating coils for each of said 
switches, manually operable means for con 
trolling one member of each pair of coils, 
and means for controlling the circuits of the 
other coils,in accordance with the value of 
the current traversing the circuit of said 
dynamo-electric machine and in accordance 
with the actual voltage conditions obtaining 
in the circuit of said dynamo-electric ma 
chine relatively to the voltage conditions cor 
responding to the adjustment of the man 
ually operated means. 

11. In a motor-control system, the com 
bination with an electric circuit and a plu 
rality of progressively actuated switches 
for controlling the same, of a pair of oper 
ating coils for each of said switches, man 
ually operable means for controlling one 
member of each pair of coils, and means 
comprising a relay for controlling the other 
coils, said relay having opposing coils one 
of which is in series with the coils controlled 
by the manually operable means and the 
other of which is energized in accordance 
with the value of the current traversing 
said circuit. 

12. The combination with an electromag 
netic switch having a pair of actuating coils, 
of a switch in circuit with one of said coils 
and having an actuating coil in circuit with 
said other coil. . 

13. The combination with a dynamo-elec 
tric machine and a plurality of switches for 
controlling said machine and having actuat 
ing coils in parallel relation to each other, 
of a switch for controlling the operation of 
said switches and having an actuating coil 
in series with said first-named coils. 

14. The combination with a dynamo-elec 
tric machine having a resistor associated 
there with, of a switch for controlling said 
resistor and having two actuating coils, a 
pair of double-throw switches adapted to 
close the circuit of one of said coils nor 
Inally and when both of said Switches oc 
cupy their abnormal positions, an actuating 
coil for one of said pair of switches respon 
sive to the current of said inachine and a 
pair of opposing actuating coils for the 
other of said pair of switches respectively 
responsive to the voltage of said machine 
and in circuit with the other of said two 
actuating coils. l 

15. The combination with a dynamo-elec 
tric machine having a resistor associated 
therewith and a plurality of switches for 
controlling a portion of said resistor, each 
having an actuating coil, of a relay for 
controlling said plurality of switches and 
having opposing actuating coils that are re 
spectively energized in accordance with the 
number of switch-actuating coils that are 
energized and the value of the voltage 
across a portion of said resistor. 

16. The combination with a dynamo-elec 
tric machine having a resistor associated 
therewith, of a switch for controlling a 
portion of said resistor and having two ac 
tuating coils, and a switch for controlling 
the circuit of one of said coils and having 
a pair of actuating coils respectively in cir 
cuit with the other of said two coils and 
connected across a portion of said resistor. 

17. The combination with a pair of dynamo-electric machines each having a re 
sistor associated therewith, of a switch for 
controlling each of said resistors and each 
having a pair of actuating coils, both of 
which coils must be energized to effect the 
operation of the corresponding Switch, 
means for closing the circuits of one coil 
of each of said switches, and means con 
trolled by one of said switches for ciosing 
the other coil of said other switch. 

18. The combination with a dynamo-elec. . 
tric machine, of a switch for controlling 
said machine and having opposing actuat 
ing coils, means for selectively controllin the energization of one of said coils, E. 
one coil being adapted to overpower the 
other during the acceleration of said ma 
chine, and the other of said coils being 
energized in accordance with the value of 
the voltage applied to said machine and 
adapted to overpower the one coil during 
the deceleration of said machine, 

19. The combination with an electric cir 
cuit, of a pair of switches for controiling 
said circuit, and a switch for controlling 
said pair of switches and having opposing 
actuating cois each in circuit with one of 
said pair of switches. 

20. The combination with a pair of dy 
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5 switches for insuring their successive oper 

namo-electric machines each having a re 
sistor associated therewith, of a switch for 
controlling each of said resistors, and inter 
locking means controlled by each of said 
ation. 

21. The combination with a pair of 
dynamo-electric machines each having a re 
sistor associated therewith, of a switch for 

o controlling each of said resistors and each 

s 

having an actuating coil, means controlled 
by one of said switches for closing the cir 
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cuit of the coil of said other switch when 
said Qine switch occupies an inoperative po 
sition, a switch for controlling the flow of 
current through the resistor which is con 
trolled by said one switch, and means con 
trolled by said controlling switch for clos 
ing the circuit of the coil of said one switch. 

In testimony whereof, I have hereunto 
subscribed my name this 29th day of May, 
1917. 

EDWIN. S. LAMMERS, Jr. 
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