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50 through one pair of rolls faster than through 

UNITED STATES PATENT OFFICE. 
FLETCHER. D. HALLOCK, OF PITTSBURGH, PENINSYLVANIA, AssIGNOR. To WESTING 

HOUSE ELECTRIC AND MANUFACTURING COMPANY, A CORPORATION OF PENIN 
SYLVANIA, 

ELECTRICAL SYSTEM. 

1,348,943. 
Application filed October 14, 

To all whom it may concern. 
Be it known that I, FLETCHER D. HAL 

LOCK, a citizen of the United States, and a 
resident of Pittsburgh, in the county of 

5 Allegheny and State of Pennsylvania, haye 
invented a new and useful Improvement in 
Electrical Systems, of which the following 
is a specification. 
My invention relates to electrical systems 

10 and particularly to such systems as are em 
ployed in connection with machines embody 
ing a series of rolls for successively treating 
sheets of fabric or other material. 
My invention has for one of its objects to 

15 provide an arrangement that is simple in 
construction and automatic in operation to 
control the relative speeds of motors for 
driving rolls that are arranged in series. 
A second object of my invention is to pro 20 - vide a system whereby the independently 

controlled motors for driving rolls that are 
arranged to successively treat sheet material 
may be controlled by manually operable 
means located at a central point and where 25 by signals may be operated for indicating 
the necessary adjustments of the speeds of 
the respective driving motors. 

Another object of my invention is to pro 
vide an arrangement whereby the relative 

30 speeds of the respective driving motors for 
a series of rolls are controlled in accordance 
with the length of material between the sev 
eral pairs of rolls. 

Machines for treating fabric or other 
35 sheet material such as, for example, calen 

der rolls for the manufacture of fabric em 
bodying rubber, usually comprise Series of 
rolls that are provided with independent 
driving motors. A movably mounted idler 

10 roll, which is placed between each pair of 
main rolls, is connected to some suitable ten 
sioning device in order to maintain the 
length of the loop of material passing over 
the idler roll within predetermined limits. 
In the operation of such machines, it is 

essential that the several driving motors 
operate at substantially the same speed in 
order to maintain satisfactory operating 
conditions. Otherwise, the material travels 

an adjacent pair of rolls and the result is 
either to increase or to decrease the length 
of the loop of material between the rolls. 

Specification of Letters Patent, Patented Aug. 10, 1920. 
1916. Serial No. 125,637. 

In case the forward motor is operated at the 
faster speed, the tension upon the material 
between the rolls is increased to such degree 
that the fabric may be torn. , 
According to the present invention, I pro 

vide an arrangement in which the speed of 
each of the motors for driving the several 
rolls is automatically controlled in accord 
ance with the position of the idler roll over 
which the material passes before reaching 
the roll. This arrangement comprises what 
may be termed a compensating rheostat that 
is operatively connected to the idler roll and 
is actuated to increase or decrease the speed 
of the corresponding motor according as 
the length of the loop of material passing 
over the idler roll is increased or decreased. 
The rheostat comprises a resistor that is per 
manently in series with the shunt field-mag 
net winding of the motor, the effective por 
tion of the resistor being varied as stated 
above. This arrangement regulates the rela 
tive speeds of the motors within certain 
limits. 2 

I provide, also, manually operable means, 
preferably in the form of push-button sta 
tions, for controlling each of the driving 
motors. A controlling station of this char 
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acter may be located adjacent to each of the 
rolls. 
each of the motors for producing the same 
effects upon the operation of the motors as 
those of the individual stations mentioned 
above may be located at a central point to 
constitute a master control station. By 
means of this arrangement, a single opera 
tor is enabled to adjust the speed of any of 
the motors. 
In order that the attendant may be noti 

fied of the approach of the idler roll to an 
extremity of its path of movement in either 
direction, signal lamps are provided which 

A similar push-button station for 
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indicate the motor, the speed of which dif 
fers from that of the other motors, and 
which notify the operator of the direction 
in which the speed of the motor should be 
changed. The signal devices are operated 
either by the idler rolls directly or through 
the movable arms of the compensating rheo 
stats when the arms are near the ends of their respective paths of movement to vary the 
excitation of the motor field-magnet wind 
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ings. The signal devices, which are prefer 
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, ably electric lamps, notify the operator that 

O 

the lengths of the loops of material between 
the rolls are approaching their maximum or 
their minimum limit, as the case may be, 
and the proper adjustments of the speeds 
of the motors may be made before the idler 
rolls assume such positions that damage to 
the fabric may result. The motors may be 
brought to rest simultaneously by automatic 
means controlled by the idler rolls or by 
manually operable means. 
The details of my invention are described 

in connection with the accompanying draw 
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ings, in which Figure 1 is a diagrammatic 
view of circuits and apparatus illustrating 
my invention as applied to a single driving 
motor. Fig. 2 is a diagrammatic represen 
tation of a series of rolls that are adapted 
to be controlled in accordance with my in 
vention. Fig. 3 is a diagrammatic view of 
a schematic arrangement of the main cir 
cuits of one of the driving motors. Fig. 4 
is a view of a portion of one of the idlers 
and a switching mechanism controlled by 
it. Fig. 5 is a diagrammatic view of a sche 
matic arrangement of the control circuits 
for one of the driving motors. 

Referring particularly to Fig. 2, several 
sets of rolls 1 are arranged in series to treat 
fabric or other sheet material, indicated at 
2, that passes through the rolls. Each of 
the sets of rolls is driven by an electric 
motor 3 which is mechanically connected to 
the rolls in any suitable manner. A mov 
ably mounted idler roll 4 is placed between 
each pair of main rolls or calenders for 
the purpose of maintaining a substantially 
uniform tension upon the fabric. 
The tensions exerted by the idler rolls are 

determined by the weights of the idler rolls 
or by weights 5 that are connected to the 
idler rolls by chains or ropes passing over 
F. 6. Each of the pulleys 6 is oper 

y connected to a rheostat 7 which may 
be termed a compensating rheostat by rea 
son of the fact that it adjusts the speed of 
one of the driving motors 3 in order to com 
pensate for the difference between the speeds 
of the motors for driving adjacent sets of 
rolls. One less idler roll and one less com 
pensating rheostat are employed than the 
number of motors. 
Each of the motors 3 is adapted to be con 

trolled, also, by manually operable means, preferably having the form of push-button 
switches, one set or station 8 of which is lo 
cated adiacent to the motor or the roll driven 

he push-button station above re 
ferred to may be termed, for convenience, a 
calender station. A similar push-button 
station.9 for controlling each of the motors 
is located at a central point which may be 
termed a master control station. By means 
of the arrangement above described, each of 
the motors may be controlled from the cal 

double-throw switch 21. 
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ender station or it may be governed in the 
same manner from the master control sta 
tion. A single operator is thus enabled to 
adjust the speeds of the motors in accord 
ance with operating conditions. 

Reference may now be had to Fig. 1, in 
which the circuits for controlling one of the driving motors is diagrammatically illus 
trated. The motor, the armature of which is 
indicated at 3, has a shunt field-magnet 
winding 11 and a series field-magnet wind 
ing 12. The motor is supplied with energy 
from line conductors 13, 14 and 15 of a three 
wire system. A sectional starting resistor 16 
is controlled by a series of progressively ac 
tuated electromagnetic switches 17. 
The motor circuits are controlled by a 

master switch 18 that is controlled by a pilot 
motor 19. The speed of the motor 3, which 
is controlled in accordance with the posi 
tion of the movable arm of the master 
switch 18, is adjusted by means of push 
button switches, one station 8 of which cor 
responds to the calender station described in 
connection with Fig. 2. A similar station 9 
for producing like effects upon the speed of 
the main motor is adapted to be connected in 
circuit in accordance with the position of a 

The effects pro 
duced upon the operation of the main motor 
by the corresponding push-button switches 
of the respective stations are indicated by 
appropriate legends. 

y means of the switch 21, which may be 
termed a transfer switch, either the calen 
der station 8 or the master control station 9 
may be rendered ineffective to control the 
motor. If all of the several transfer-switches 
21 are actuated to corresponding positions, 
the motors may be controlled only from the 
master control stations' or from the calender 
stations, according to the positions of the 
switches. A compensating rheostat 7 is ar 
ranged to automatically control the excita 
tion of the shunt field-magnet winding 11 
of the motor 3 within 

It may be assumed that the movable arm 
22 of the master switch 18 occupies its in 
operative position which is at the end of its 

l of movement in a clockwise direction. 
t may be assumed, further, that a manually 

operable line switch 23 and a control switch 
24 have been closed. It may be assumed, 
for example, that the transfer switch 21 
has been operated to connect the master-con 
trol station 9 in circuit and that the calen 
der station 8 is inoperative. . . 
A circuit is completed by the closing of 

the above switches which extends from the 
positive side of control switch 24 through 
conductor 25, switch 21, conductor 26, “re 
verse' button, conductor 27, actuating coils 
of field-reversing switches 28 and 29 and 
actuating coil of field-protective relay 30 to . 
the negative side of switch 24. 

redetermined limits. 
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The switches 28 and 29 are closed to com 
plete the shunt field circuit of the motor 
which extends from the positive side of 
control switch 24 through conductor 32, 
movable arm 22, conductor 33, resistor 34 
and movable arm 35 of compensating rheo 
stat 7, conductor 36, relay 28, conductor 37, shunt field-magnet winding 11, actuating 
coil of field-protective relay 38, and relay 
29, to the negative side of switch 24. The 
shunt field-magnet winding 11 of the motor 
is energized by the circuit above described 
for operation of the motor in the forward 
direction. 
The push-button switch designated "start” 

is then closed to complete a circuit which ex 
tends from the positive side of control switch 
24 through conductor 40, emergency switch 

- 41 of calender station 8, emergency switch 

25 

30 

42 of master-control station 9, limit switch 43, “stop' push-button switch of station 8, 
conductor 44, “stop push-button of station 
9, switch 21, “start' push-button switch of 
station 9, conductor 45, actuating coil of not 
voltage relay 46, relays 38 and 30, overload 
relay 47, and conductor 48, to the negative 
side of switch 24. 
When the no-voltage relay 46 is closed, the 

motor 3 may be operated for short periods 
during the process of making up or thread 
ing the fabric through the rolls. An inter 
lock connected to the no-voltage relay 46 
completes a holding circuit for its actuating 
coilin shunt relation to the push-button 
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switch designated “start.” This circuit ex 
tends from the positive side of the control 
switch 24 through the “stop' push-buttons, 
as described above, then, shunting the switch 
21 and the “start' push-button, through the 
interlock connected to the no-voltage relay 
46, then through the actuating, coil of the 
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relay 46 to the negative side of the switch 
24, as before described. The push-button 
switch designated “inch” completes a cir 
cuit which extends from the positive side of 
control switch 24, through conductor 25, 
switch 21, “inch” button, conductor 50, con 
tact members 51, which are bridged by the 
switch arm 22 in its normal “off” position, 
conductor 52, no-voltage relay 46, actuat 
ing coil of line switch 53, and conductor 48 
to the negative side of switch 24. 
The closing of line switch 53 completes 

the armature circuit of the motor 3 which 
extends from line conductor. 13 through 
switch 23, actuating coil of overload relay 
47, actuating coil of field-accelerating relay 
55, line switch 53, armature 3, series field magnet winding 12, starting resistor 16, and 
line switch 56, to line conductor 14. Line 
switch - 56 is normally closed, when the 
switch arm 22 occupies its “off”, position, 
by means of a circuit extending from the 
arm 22, which is connected to the positive 
side of switch 24, through contact segment 

conductor 52, no-voltage relay 

57, conductor 58, actuating coil of switch 
56 to the negative side of switch 24. 
The armature circuit of the motoris closed 

only while the “inch' button is held in its 
closed position. The motor operates slowly 
by reason of the fact that the entire starting 
resistor 16 is in circuit and the shunt field 
magnet winding is fully energized. 
When the fabric has been started through 

the rolls and the system is ready for normal 
operation, the push-button switch desig 
nated “increase' is actuated to complete a 
circuit which extends from the positive side 
of switch 21 through “increase' button, con 
ductor 60, limit switch 61, field-magnet 
winding 62 and armature of pilot motor 19, 
and brake coil 63 to the negative side of 
switch 24. The pilot motor then actuates 
the switch arm 22 in a counter-clockwise di 
rection to effect the completion of the ar 
mature circuit of the driving motor 3 in 
dependently of the operation of the “inch' 
button. 
When the switch arm 22 engages a con 

tact segment 65, a circuit is completed which 
extends from the switch arm 22, which is 
connected to the positive side of the con 
trol circuit, through contact segment 65, 

46, actuat 
ing coil of line switch 53 and conductor 48 
to the negative side of switch 24. The arma 
ture circuit of the motor is then completed, 
as traced above in connection with the opera 
tion of the “inch' button. A circuit is next 
completed which extends from the switch 
arm 22 through contact se 
tor 67, interlock of accelerating switch 17 
located below the resistor 16, actuating coil 
of accelerating switch 17 located immedi 
ately above the resistor 16, conductor 68 and 
interlock of line switch 53, to the negative 
side of switch 24. 
The closing of the accelerating Switch 17, 

the circuit for the actuating coil of which 
is traced above, completes a shunt circuit for 
one section of the resistor 16. The closing 
of the accelerating switch also permits the 
closing of a relay 70 that is mechanically 
connected thereto when the current travers ing the series actuating coil of the relay 70 
falls to a predetermined value. The clos 
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gment 66, conduc 
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ing of each of the relays 70 completes a cir 
cuit for the actuating coil of the succeeding 
accelerating switch to close, and the several 
switches close automatically in order to com 
rent traversing the several relay coils 70 
falls successively to predetermined values. 
When the last accelerating switch 17. 

closes, the circuits of the actuating coils of 
the other accelerating switches are opened 
and the corresponding switches drop to their 

120 pletely shunt the resistor 16 when the cur 

125 

open positions. When the arm 22 moves to 
such position that it, no longer engages the 
contact segment 66, the circuit of the actuat 30 



1. 

ing coil of the accelerating switch located 
below the resistor 16 is opened, and the en 
tire resistor 16 is inserted in circuit with 
the motor armature in preparation for the 

10 

transfer of the motor connections to a cir 
cuit of higher voltage. 
When the movable arm 22 of the master 

switch 18 has rotated through an angle of 
slightly less than 90°, the circuit of the ac 
tuating coil of line switch 56 is broken at 
contact segment 57 and the switch 56 opens 
to momentarily interrupt the armature cir 
cuit. When the arm 22 is in an approxi 
mately upright position, it engages a con 
tact member 71 to complete a circuit through 
the actuating coil of a relay 72 which closes 
a shunt circuit for the resistor 73 and thereby 
insures a strong field during the period of 
changing from the low-voltage connection 
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to the high-voltage connection. . 
When the arm 22 engages a contact seg 

ment 74, a circuit is completed which ex 
tends from the arm 22 through contact seg 
ment 74 and actuating coil of line switch 
75 to the negative side of switch 24. The 
switch 75 then closes to connect the arma 
ture circuit of the motor to line conductor 
15. The motor is now connected across line 
conductors 13 and 15, and the applied elec 
tromotive force is accordingly doubled. 
When the arm 22 engages a contact seg 

ment 77, the circuit of the actuating coil of 
the first switch 17 to close is again com 
pleted in the same manner as that described 
in connection with the engagement of con 
tact segment 66. The several accelerating 
switches operate automatically and in order 
to again shunt the resistor 16. The circuit 
of the actuating coil of relay 72 is broken at 
contact member 71 and the relay opens to 
permit the weakening of the field by the 
gradual inserting of field resistor 73 by the 
arm 22. 
During the acceleration of the motor by 

weakening its field, the relay 55, which is of 
the well-known fluttering type, controls the 
circuit of the actuating coil of relay 72 and 
causes the latter to shunt the resistor 73 
when the current traversing the actuating 
coil of relay 55 exceeds a predetermined 
value. The operation of the relays 55 and 
72 thus prevents the acceleration of the 
motor at an abnormal rate. The motor then 
operates at its normal speed. 
When it is desired to decrease the speed 

of the motor for any reason, the pushbut 
ton designated “decrease' is closed to com 
plete a circuit for the pilot motor, which 
extends from the positive side of switch 
21 through “decrease' button, conductor 
78, limit switch 79, field-magnet winding 80 
and armature of pilot motor. 19 and brake 
coil 63 to the negative side of switch 24. 
The pilot motor. 19 then actuates the arm 
22 in a clockwise direction to gradually 

1848,943 

shunt the resistor 73 in series with the shunt 
field-magnet winding 11 to decrease the 
speed of the motor 3. 

If the arm 22 continues its movement be 
yond the point at which connections are 
made for effecting the transfer of the motor 
circuit from one voltage connection to the 
other, the resistor 16 will be inserted in cir 
cuit with the motor and the relay 72 will be . 
closed to insure a strong field during the 
transition period. The several operations 
occur in the reverse order to that described 
above in connection with the acceleration of 
the motor. 
The motor may be bro ght to rest by the 

opening of either of the “stop” buttons of 
stations 8 and 9 or either of the emergency 
switches 41 and 42, all of these switches be 
ing connected in series circuit relation. As 
will be later described, the “stop' buttons of 
each control station and the emergency 
switches of the several control stations are 
all connected in series, and the opening of 
any of these latter switches operates to stop 
all of the motors simultaneously. Since the 
“stop' switches and the emergency switches 
are in series with the push-button switches 
designated “start, the opening of a “stop' 
switch opens the circuit of the actuating coil 
of no-voltage relay 46. As above described, 
the relay 46 controls the circuit of the actu 
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ating coil of line switch 53, and the latter is . 
accordingly opened. A local dynamic brak 
ing circuit for the motor armature is estab 
lished by a switch 81 that is mechanically 
connected to the switch 53. The dynamic 
braking circuit comprises the motor arma 
ture, a holding coil for the switch 81 and a 
resistor 82. 
If it should be desired to momentarily 

decrease the speed of the motor, the push 
button switch designated “slow' is actuated 
to complete a circuit for the relay 72 which 
extends from the positive side of switch 24 
through conductor 40, “slow' button, switch 
21, conductor 83 and actuating coil of relay 
72, to the negative side of switch 24. The 
relay 72 completes a shunt circuit for the 
resistor 73 and the motor operates at slow 
speed. The actuation of the push-button 
designated “fast' establishes normal operat 
ing conditions of the motor. 
When it is desired to reverse the direc 

tion of the driving motor, the “reverse' but 
ton is actuated to open the circuit of field 
reversing relays 28 and 29 and to complete 
a circuit which extends from the positive 
side of switch 21, through “reverse' button, 
conductor 84, actuating coils of field-revers 
ing relays 85 and 86 and actuating coil of 
field-protective relay 30, to the negative side 
of switch 24. V 

Reverse operation of the driving motor 
will occur only in case of abnormal con 
ditions with respect to the rolls and the 
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fabric and will usually be necessary for a 
comparatively short period. In view of 
these conditions, the relays 85 and 86 are 
provided with interlocks for completing the 
circuit of the actuating coil of relay 72 while 
they are in their closed positions. This 
arrangement insures that the motor operates 
at slow speed when it rotates in the reverse 
direction. - 

If it should occur that, during the normal 
operation of the series of rolls, the speed of 
one of the motors varies from that of the 
motor for driving the roll Immediately pre 
ceding in the system, the length of the loop 
of material between the pair of rolls will be 
varied. The position of the idler roll is 
changed in accordance with the change in 
length of material, and the movable arm 
35 of the corresponding compensating rheo 
stat 7 is actuated to either increase or 
diminish the amount of the resistor 34 that 
is permanently connected in series with the 
shunt field-magnet winding 11. 
If the variation in speed is comparatively 

small, it may be corrected by the automatic 
operation of the compensating rheostat, and 
no adjustment by the operator is necessary. 
If, however, the arm 35 approaches the 
limit of its movement in either direction, a 
cam 87 that is connected to the rheostat arm 
35 permits a switch 88 controlled thereby to 
close a circuit for a signal lamp 89. 

If, for example, the arm 35 be actuated by 
the corresponding weight 5, in a clockwise 
direction, to insert resistance in series with 
the field-magnet winding of the motor to in 
crease its speed, and the arm and cam 87 
reach predetermined points at which the 
switch 88 to the left of the arm 35, as viewed 
in Fig. 1, is permitted to close, the lamp 89 
that is adjacent to the “increase' button is 
energized to warn the operator that the 
master switch 18 must be adjusted for an 
increased speed of the driving motor. 
Should the operator fail to make the 

proper adjustments, and the rheostat arm 
continues its movement, the limit switch 43, 
which is in series with the “stop' push 
button switches and emergency switches, is 
opened by the cam 87 to effect the stopping 
of the motor 3 and all of the other motors, 
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as described above in connection with the 
stop switches and emergency switches. The 
limit switch may be shunted by means of a 
reset switch 90 in order to complete the con 
trol circuits after the motors have been 
brought to, rest. 
A schematic arrangement of the control 

circuits is diagrammatically illustrated in 
Fig. 5. It will be noted that the “stop' 
push-button switches of the several stations 
are arranged in parallel relation to each 
other and in series relation to the emergency 
switches that may be located either at the 
control stations or upon the frames of the 

rolls, as desired. For convenience, only one 
of each of the switches 41, 42 and 43 is illus 
trated. The several control stations are 
otherwise entirely independent of each 
other. 

If it is desired, each of the idler rolls 4 
may be arranged to operate an emergency 
switch for stopping all of the motors in the 
same manner as that described above in con 
nection with the limit switch 43 that is 
opened by the compensating rheostat when 
the idler roll reaches its predetermined 
position. This arrangement is desirable in 
case the compensating rheostat is omitted 
and the several driving motors are con 
trolled entirely by manually operable 
leaS. 

In the arrangement illustrated in Fig. 4, 
an idler roll 4 is arranged to move verti 
cally in a slot 91 with which a frame mem 
ber 92 is provided. A switch 93, which may 
correspond in function to the limit switch 
43, shown in Fig. 1, is opened by the idler 
roll 4 when the latter reaches a predeter 
mined position. The rolls are thus stopped 
before the idler roll reaches the end of its 
path of movement and the tension upon the 
fabric becomes abnormal. 
A system constructed in accordance with 

my invention possesses a number of desir 
able operating characteristics. Under nor 
mal operating conditions, the relative speeds 
of the several driving motors are controlled 
automatically and a uniform tension is 
maintained upon the fabric passing through 
the rolls. The resistance of the compen 
sating rheostat is of low value compared 
with that of the master switch, the compen 
sating rheostat being adapted to adjust dif 
ferences of speed within the limits of in 
herent regulation of the motor. Thus, the 
amount of resistance in the field circuit of 
any motor, at any time during its normal 
operation, is relatively small. 
In case the speed of one or more of the 

motors varies from the speeds of the other 
motors to such degree that the automatic 
means are insufficient to compensate for the 
variation, the operator is automatically 
warned that adjustments must be made in 
order to prevent damage to the fabric. The 
system is automatic also to effect the stop 
ping of all of the rolls quickly and safely 
by the opening of the motor circuits and by 
the use of dynamic braking means. It is 
practically impossible to injure the fabric 
by reason of abnormal conditions with re 
spect to the driving mechanism for the rolls. 
The above and other advantages will be ap 
parent to those skilled in the art to which 
my invention is related. 

I claim as my invention: - 
1. The combination with a pair of rolls 

for sheet material, a driving motor for each 
of said rolls, and an idler roll between said 
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rolls, of signaling means controlled by said 
idler roll for indicating a difference in the 
speeds of said motors. 

2. The combination with a pair of rolls 
for sheet material, a driving motor for each 
of said rolls, and an idler roll between said rolls, of signaling means comprising a 
lamp circuit controlled by said idler roll for 
indicating a difference in the speeds of said 
motors. 

3. The combination with a series of rolls 
for sheet material, and a means between the 
rolls of each pair for maintaining uniform 
tension upon said material, of a driving 
motor for each of said rolls and signaling 
means controlled by said maintaining means 
for indicating differences between the 
speeds of motors for driving adjacent rolls. 
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4. The combination with a pair of rolls 
for sheet material, a driving motor for each 
of said rolls, and an idler roll movably 
mounted for maintaining a substantially 
uniform tension upon said material, of sig 
naling means operable in accordance with 
the position of said idler roll for indicating 
the relative speeds of said motors. 

5. The combination with a series of rolls 
for sheet material, a driving motor for each 
of said rolls, and an idler roll between the rolls of each pair, of means for adjusting 
the speed of each of said motors independ 
ently of the other, and signaling means 
adjacent said adjusting, means and con 
trolled by said idler rolls for indicating 
necessary adjustments. 

6. The combination with a series of rolls 
for sheet material, a driving motor for each 
of said rolls, and an idler roll between the rolls of each pair, of means for adjusting 
the speed of each of said motors independ 
ently of the others, and means comprising 
signal lamps adjacent said adjusting means 
and controlled by said idler rolls for indi cating necessary adjustments. 

7. The combination with a series of rolls 
for sheet material, a driving motor for each 
of said rolls, and an idler roll between the 
rolls of each pair, of means for adjusting 
the speed of each of said motors independ 
ently of the others, and means comprising 
signal lamps adjacent said adjusting means 
and controlled by said idler rolls for indicat 
ing such motors as differin speed from the 
other motors. 

8. The combination with a series of rolls 
for sheet material, a driving motor for each 
of said rolls, and an idler roll between the 
rolls of each pair, of means for adjusting 
the speed of each of said motors independ 
ently of the others, and means comprising signal lamps adjacent said adjusting means 
and controlled by said idler rolls for indi 
cating, such motors as differ in speed from 
the other motors and the proper adjust 
ment to correct such differences, 
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9. The combination with a pair of rolls 
for sheet material, independent driving 
means for each of said rolls, and an idler 
roll for maintaining a substantially uni 
form tension upon the material between the 
rolls, of signaling means for indicating 
the approach of the idler roll to the ends of 
its path of movement. 

10. The combination with a pair of rolls 
for sheet material, independent driving 
means for each of said rolls, and a mov 
ably-mounted idler roll between said rolls 
for maintaining a substantially uniform 
tension upon said material, of signal lamps 
operable when said idler roll occupies pre 
determined positions for indicating neces 
sary adjustments of the speed of one of said 
driving means. - 

11. The combination with a pair of rolls 
for sheet material, separate driving means 
for each of said rolls, and an idler roll be 
tween said rolls for maintaining a substan 
tially constant tension upon said material, 
of means for adjusting the speed of one of 
Said driving means in accordance with the 
position of said idler roll and for effecting 
the stopping of both of said driving means 
when the idler roll reaches a predetermined position. 

12. The combination with a plurality of 
rolls for sheet material, separate electric 
motors for each of said rolls, and an idler 
roll between each pair of said rolls for main 
taining a substantially constant tension 
upon said material, of means for adjusting 
the speed of certain of said electric motors 
in accordance with the positions of the idler 
rolls, and means controlled by said idler 
rolls for indicating, at a remote point, the 
approach of said idler rolls to predeter 
mined positions by reason of abnormal 
slack in said sheet material. 

18. The combination with a pair of rolls for sheet material, independent driving 
means for each of said rolls, and an idler 
roll between said rolls for maintaining a Substantially constant tension upon said 
material, of means for effecting the stop 
ping of all of said driving means when said 
idler roll reaches a predetermined position. 

14, The combination with a pair of rolls 
for sheet material and an electric motor for 
driving each of said rolls, of a member mov. 
.able in accordance with the length of ma 
terial between said rows, and signal devices 
9perated by said member in accordance with 
its position to indicate abnormal conditions. 

15. The combination with a pair of rolls 
for sheet material, an electric motor for driving each of said rolls, and a member 
movable in accordance with the length of 
material between said rolls, of means con 
trolled by said member for regulating the 
speed of one of said motors and for operat 
ing signals for indicating the arrival of 
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said movable member at a predetermined 
point in its path of movement. 

16. The combination with a pair of rolls 
for sheet material, an electric motor for 
driving each of said rolls, and a member 
movable in accordance with the length of 
material between said rolls, of means con 
trolled by said member for regulating the 
speed of one of said motors, for operating 
signals and for effecting the stopping of 
said motors under predetermined condi 
tions. 

17. The combination with a plurality of 
rolls for sheet material, an electric motor 
for driving each of said rolls, and members 
movable in accordance with the lengths of 
material between said rolls, of rheostats 
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controlled by said members for governing 
the speed of said motors, and means for stop 
ping all of said motors when one of said members occupies a predetermined position. 

18. The combination with a pair of rolls. 
for sheet material, an electric motor for driv 
ing each of said rolls, and a member mov 
able in accordance with the length of ma 
terial between said rolls, of a rheostat con 
trolled by said member for governing the 
speed of one of said motors, said member 
also and indicating signals operated by said 
movable member at a predetermined point 
in its path of movement. 

19. The combination with a plurality of 
rolls for treating material successively, of 
means for regulating the speed of said rolls 
in accordance with the length of material 
between said rolls, and means for control 
ling said rolls individually or collectively. 

20. The combination with a pair of rolls 
for treating material successively, and an 
electric motor for driving each of said rolls, 
of means for regulating the speed of one of 
said motors in accordance with the length 
of material between said rolls and for stop 
ping said motors when the material between the rolls reaches a predetermined length. 

21. The combination with a pair of rolls 
for treating material successively, and an 
electric motor for driving each of said rolls, 
of means for regulating the speed of one 
of said motors in accordance with the length 
of material between said rolls and for stop 
ping said motors when the material between 
the rolls reaches a predetermined minimum length. 

22. The combination with a pair of rolls 
for successively treating material, of means 
for automatically controlling the relative 
speeds of said rolls in accordance with the 
length of material between them, and means 
for indicating when said length reaches a predetermined value.; 

23. The combination with a plurality of rolls for sheet material and independent 
driving motors therefor having field-magnet 
windings, of a pair of resistors in circuit 
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with each of said windings, manually oper 
able means for controlling one of said re 
sistors, and automatic means actuated by 
said material for controlling the other re 
sistor in accordance with relative speeds of 
adjacent rolls. 

24. The combination with a plurality of 
rolls for sheet material and independent 
driving motors therefor having field-magnet 
windings, of a pair of resistors in circuit 
with each of said windings, manually oper 
able means for controlling one of said re 
sistors, and automatic means actuated by 
said material for controlling the other re 
sistor in accordance with the relative speeds 
of adjacent rolls, as measured by the length 
of material between said rolls. 

25. The combination with a plurality of 
rolls for sheet material and independent 
driving motors therefor having field-mag 
net windings, of manually operable means 
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for effecting a variation of the resistance of - 
each of the field circuits within pre-deter 
mined limits, and automatic means depend 
ent upon relative speeds of adjacent rolls 
for varying the resistance of said circuits 
within relatively small limits. 

26. The combination with a plurality of 
driving motors for effecting the actuation 
of sheet material and separate controlling 
means therefor, of a single means actuated 
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by said material for rendering all of said 
controlling means inoperative and effecting 
the stopping of said motors. 

27. The combination with a plurality of 
motors for effecting the actuation of sheet 
material and independent controlling means 
therefor, each of said means comprising a 
no-voltage release device, of a single means 
controlled by said material for simultane 
ously rendering all of said devices inoper: 
ative and effecting the stopping of said 
motors. 
28. The combination with a plurality of 

motors for actuating sheet material or the 
like and independent controlling means 
therefor, each of said means comprising a 
no-voltage release device, of manually Oper 
able means and automatic means operatively 
connected to said motors and operable un 
der predetermined conditions for simuli taneously controlling the operation of said 
no-voltage release devices. 
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29. The combination with a plurality of 
motors for effecting the actuation of sheet 20 
material and independent controlling means 
therefor comprising line switches and no 
voltage release devices for controlling each 
of said switches, and means for controlling 
said devices either independently or simul taneously. . 

30. The combination with a plurality of 
motors for effecting the actuation of a band 
of material and independent controlling 
means therefor comprising line switches and 
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no-voltage release devices for controlling each 
of said switches, manually operable means and 
automatic means operatively connected to 
said motors for controlling said devices 
simultaneously and manually operable 
means for controlling said devices inde 
pendently of each other. 

31. The combination with a plurality of 
motors for effecting the actuation of a body 
of material, of independent controlling 
means therefor, each of said controlling 
means comprising a push-button station ad 
jacent to the corresponding motor and a 
similar push-button station located at a cen 
tral point. 

32. The combination with a plurality of 
motors for effecting the actuation of a body 
of material, of independent controlling 
means therefor, each of said controlling 
means comprising a push-button station ad 
jacent to the corresponding motor and a 
similar push-button station located at a 
central point and means for selectively 
rendering either of said stations operative. 

33. The combination with a plurality of 
motors for effecting the actuation of a body of material, of independent controlling 
leaS therefor, said controlling means com 

prising a separate push-button station ad 
jacent to each of said motors and a master 
control station comprising push-button sta 
tions corresponding to each of the separate 
stations. . 

34. The combination with a plurality of 
motors for effecting the actuation of a body 
of material, of independent controlling 
means therefor, said controlling means com 
prising a separate push-button station ad 

: jacent to each of said motors and a mas 
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ter-control station comprising push-button 
stations corresponding to each of the separate 
stations and double-throw switches for se 
lectively rendering either of said stations. 
operative. 

35. The combination with a pair of rolls 
for treating material, of means for auto 
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matically controlling the relative speeds of 
said rolls, in accordance with the length of 
material between them, and a plurality of 
means for indicating when said length reaches anyone of a plurality of prede 
termined values. 

36. The combination with a pair of rota 
table devices for treating material, a driv 
ing motor for each of said devices having 
a field-magnet winding, and an idler roll be 
tween said devices for engaging said ma 

50 

55 

terial, of a resistor permanently connected 
in circuit with one of said windings, an arm 
for adjusting said resistor controlled by 
said idler roll, and a signal device for in 
dicating a difference in the speeds of said 
motors, said arm serving also to control 
said signal device. 

37. The combination with a plurality of 
motors for effecting the actuation of a body 
of material, of independent controlling 
means for each of said motors, means lo 
cated at a central point for simultaneously 
controlling all of said motors, and means 
for indicating the desirability of operating 
said independent controlling means. 

38. The combination with a plurality of 
motors for effecting the actuation of a body 
of material, of a switch for each of said 
motors for stopping each of said motors, 
and a second switch for each of said motors 
for stopping all of said motors. 

39. The combination with a plurality of 
motors for effecting the actuation of a body 
of material, of a switch for each of said 
motors for stopping each of said motors, 
and a second switch for each of said motors 
for stopping all of said motors, said second switches being arranged in series and said 
first switches being arranged in parallel 
circuit in series relation with said second 
switches. 
In testimony whereof I have hereunto sub 

scribed my name this 4th day of October, 
1916. 

FLETCHER. D. HALLOCK. 
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