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WARHABLE SPEED CONTROLS FORMOTORS 

Alphonse Di Misao, Brooklyn, N.Y., assignor to Old Town 
Corporation, Brooklyn, N. Y., a corporation of New 
York 

Application September 13, 1952, Seria No. 309,595 
10 Claims. (C. 310-95) 

The present invention relates to variable speed controls 
for motors. 

In processing various types of materials, such as for 
example, and not by way of limitation, paper, cloth, wire, 
thin metal sheeting, etc., it is often necessary to unwind 
the material from a supply roll thereof to subject it to a 
particular process, after which the material is rewound 
on a take-up or wind-up roll. For example, in the manu 
facture of carbon paper, the uncoated paper is unwound 
from a Supply roll and passes through a device which 
applies a carbon coating thereto and then is rewound 
upon a take-up or wind-up roll. In one apparatus of 
this type, provision is made for a single motor which 
rotates the take-up roil, the paper being unwound from 
the Supply roll by the take-up rewind thereof. During 
this operation it is necessary that the paper tension be 
tween the rolls be kept within safe limits to prevent 
tearing of the paper between the rolls, and also to pre 
vent damage to the coated paper on the take-up roll 
which may result from too tight a rewind. However, as 
the diameter of the rewound roll of paper increases, the 
Speed or velocity of the paper travel between the rolls 
increases, whereby to increase the paper tension, as well 
as the tightness of the rewind. Heretofore, provision 
has been made for maintaining at a substantially constant 
level the initial preset output speed of the motor under 
varying load conditions. However, this arrangement does 
not serve to control the tension or velocity of the material 
or Work, which increases with the increase in diameter 
of the rewound roll thereof. 

Therefore, the primary object of the present invention 
is the provision of a motor control responsive both to the 
Output Speed of the motor under varying load conditions 
and to the velocity of the work. 
Another object is the provision of means for maintain 

ing the velocity of the work at a constant level. 
A further object is the provision of means for con 

trolling the speed of rotation of a rewind or take-up roll 
as a function of the diameter of the rewound material. 
The above and other objects, features and advantages 

of the present invention will be more fully understood 
from the following description considered in connection 
With the accompanying illustrative drawings. 

In the drawings: 
Fig. 1 is a more or less diagrammatic illustration of 

apparatus provided with the control of the present in 
vention; and 

Fig. 2 is a circuit diagram illustrating the control of the 
present invention. 

Referring how to the drawings in detail, Fig. 1 dia 
grammatically illustrates apparatus for unwinding ma 
terial, Such as for example, and not by way of limitation, 
paper from a Supply roll or reel () thereof. It will be 
understood that the roll 10 is suitably mounted to freely 
rotate as the paper P is withdrawn therefrom. The 
paper is passed over a suitably mounted guide rollier 2 
and reWound upon a driven take-up or wind-up roll or 
reel 14 thereof. It will be understood that in its travel 
between the Supply roi and the take-up roll, suitable 
mechanism (not illustrated) is provided so that the paper 
is subjected to a desired processing operation, for ex 
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ample, and not by way of limitation, the paper may be 
coated with a suitable material, such as carbon, or the 
paper may be subjected to a printing operation, or other 
suitable operation. In order to rotate the take-up roll in 
the direction of the arrow i6, for re-winding the paper 
and for effecting the rotation of the supply roll in the 
direction of the arrow 18, for unwinding the latter there 
from, provision is made for a suitable drive-motor 20. 
As here shown, said motor is preferably an A. C. motor 
and is provided with the motor shaft 22. The take-up 
roll 14 is driven by an output shaft 24 which is coupled 
to the motor shaft 22 through the medium of the clutch 
mechanism 26. 
The clutch mechanism 26 is preferably an electric 

slip coupling comprising eddy current clutch constituted 
by a drum 23 which is mounted on the motor shaft 22 
and by a spider 36 which is mounted on the output 
shaft 24, said spider being disposed for rotation within 
the drum 28. It will be understood that the eddy current 
clutch 26 is of a type well known in the art and therefore 
further illustration thereof is deemed to be unnecessary. 
Said clutch may be of the type manufactured by the 
Louis Allis Company, Milwaukee, Wisconsin. The spider 
3 is provided with an excitation coil 31 (Fig. 2) and it 
will be understood that when said coil is energized the 
relative motion between the drum and the spider generates 
eddy currents in the drum which create an electro 
magnetic force and at full excitation cause the drum and 
spider to rotate at approximately the same relative speed. 
Moreover, it will be understood that as the excitation of 
the coil 31 is decreased, the speed of the output shaft 24 
will be decreased. 

Pursuant to the present invention, provision is made 
for a first A. C. control generator 32 having its rotor 
provided on the output shaft 24, so as to produce a signal 
voltage proportional to the speed of rotation of said 
shaft for maintaining the rotation of the output shaft 24 
substantially at the initial pre-set starting speed thereof. 
in addition, provision is made for a second A. C. control 
generator 34 having its rotor 36 disposed for rotation by 
the paper moving between the feed supply rol. 19 and the 
take-up roll 14. Therefore, it will be understood that 
the generator 34 produces a signal voltage which is 
directly proportional to the velocity or speed of travel 
of the paper between the rolls. 
The operation of the control generators 32 and 34 will 

be explained in connection with the schematic circuit 
diagram in Fig. 2. The motor 29 is connected to a suit 
able source of A. C. power by the lines L., L2 and L3. 
In order to provide for a direct current supply for the 
clutch coil 31, provision is made for the power trails:- 
former 38 having the primary 48 thereof connected to 
the power lines L2 and L3. The secondary 42 of said 
power transformer has one end thereof connected by the 
line L4 to the anode 44 of the main rectifier tube 46. 
Said tube is preferably a grid controlled, gas filled, half 
wave rectifier. The other end of the secondary 42 is con 
nected by the line L5 to the anode 48 of the rectifier tube 
59. A relay operated start switch 52 is inserted in the 
line L5. Sid line L5 is also connected through a clutch 
damper control 54 to one end of the clutch coil 31, the 
other end of which is connected by the line L6 to the 
line L7. The secondary winding 56 supplies the filament 
voltage for the rectifier tube 59 and the secondary winding 
58 Supplies the filament voltage for the rectifier tube 56, 
the line L7 being connected between said filament wind 
ings. The Secondary 60 supplies the filament voltages 
for the various other tubes hereinafter referred to and 
the Secondary 62 Supplies the anode voltages for the duo 
diode 64. The rectifier tube 46 is energized alternately 
with the rectifier tube 50, the latter constituting a dis 
charge tube. Said latter tube is both a continuation 
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tube and a discharge tube for the direct current output 
of the main rectifier tube 46. The tube 46 conducts 
when the voltage applied to the plate 44 by the secondary 
42 is positive to provide a, current flow through the coil 
33, from the negative (-), end to the positive (--) end 
thereof for energizing said coil. During the time when 
said voltage on plate. 44, is negative, said tube does not 
conduct, but the energy, which has been. Stored in the 
clutch coil is dissipated as inverse energy through the 
discharge tube. 50, said discharge; tube serving the dual 
purpose of protecting the main rectifying tube 46 and at 
the same time giving a discharge path for the energy 
created by the collapse of the field in the clutch coil 31, 
when the clutch is de-energized. 
The amount of the direct current flowing in the clutch 

coil is controlled by the grid 66 of the main rectifier 
tube. 46. In order to establish a predetermined speed 
of operation for the output shaft 24, provision is made 
for the rheostat 68 for supplying a predetermined bias 
voltage to the control grid 66 of the main rectifier tube 
46. By varying the setting of rheostat. 68, the initial 
Starting speed of the output shaft. 24 may be preset, as 
desired. 

In addition to having the basic bias voltage developed 
across the rheostat. 68, there is also applied thereto signal 
voltages representative of the speed of rotation of the out 
put shaft. 24 and of the paper velocity in travelling from 
the feed supply roll () to the take-up roll 4. More 
Specifically, it will be noted that the work or paper-gen 
erator 34 is connected across the primary 76 of the signal 
input transformer 72. Therefore, it will be apparent that 
a voltage proportional to the speed or velocity of the 
paper, in its travel from the supply roll to the take-up 
roll, will be applied to the transformer 72. The motor 
output governor generator 32 has one end thereof con 
nected directly to the primary 74 of a signal-input trans 
former. 76. The other end of said generator is connected 
through the lead L3 to the center tap 77 of the secondary 
78 of the transformer 72. The lead L9 interconnects the 
Secondary. 78 and the primary 74, as illustrated. From 
the foregoing it will be apparent that a voltage represen 
tative of the paper velocity is coupled through a portion 
of the Secondary 78, of the transformer 72, into the pri 
mary 74, of the transformer 76, which primary 74 also 
receives a voltage from the generator 32 which is repre 
Sentative of the speed of rotation of the output shaft 24. 
The combined voltages from said sources are applied 
through the Secondary 80 of the transformer 76 to the 
anodes 82, 82 of the duo-diode-triode 84. The center 
tap 8i of the secondary S0 is connected through the 
rheostat 36 and the resistor 38 to one end of the pre 
viously mentioned rheostat. 68. It will be noted that the 
voltage regulator 90 has its anode 92 in circuit with the 
other end of rheostat 68, the cathode 94 of said reg 
ulator being connected to the cathode 96 of the tube 84, 
So that Said voltage regulator 90 serves as a coupling. 
bridge between the output of the tube 34 and the input 
of the rectifier tube 46, said output being developed across 
the grid bias rheostat 68. 
Assuming now that the paper generator 34 is removed 

from the circuit so that the signal which is applied to 
the twin anodes 82-82 is responsive only to the output 
of the governor generator 32, it will be apparent that if, 
with a change in the load, the speed of rotation of the 
shaft 24 increases beyond the pre-set speed, as predeter 
mined by the setting of the rheostat 68, an increased 
voltage will be developed by the generator 32 which will 
result in an increased negative voltage being developed 
across the rheostat. 68, whereby to decrease the current 
flow of the rectifier tube 46 so as to reduce the D. C. 
current flowing in the clutch coil 31, whereby to reduce 
the output speed of the shaft 24. Therefore, it will be 
apparent; that the signal generator 32 serves as a governor 
for maintaining constant the: output. speed of the shaft: 24 
at the preset initial velocity, thereof despite variations: in 
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4. 
the load of the motor 20. However, as previously indi 
cated, as the diameter of the paper on the take-up roll 
i4 increases, even though said roll is rotating at a con 
stant Speed, as governed by the generator 32, the paper 
velocity will be increasing. whereby to increase the paper 
tension and the tightness of the roll 4. The additional 
paper generator 34 serves to maintain said paper velocity 
at a constant level, whereby to prevent increased paper. 
tension and increased tightness in the roll 14. In this 
connection, it will be understood that the apparatus is 
preset, by rheostat 86, for a predetermined combined 
signal voltage output from the generators 32 and 34 
which, together with the bias applied by the pre-setting 
of the rheostat 68, will result in both a pre-determined 
initial speed of operation of the output shaft 24, as well 
as a predetermined paper velocity. Thereafter, in the 
event: that the speed of operation of the output shaft 24 
increases, whereby to increase paper velocity and the 
tightness of the re-wind, it will be apparent that the in 
creased signal voltage generated by the generator 32 will 
tend to decrease the output of the rectifier tube 46, so 
as to reduce the Speed of the shaft 24 to its preset speed. 
In the event that the paper velocity increases due to 
increased diameter of the take-up roll 14, the increased 
voltage output of the generator 34 will result in an in 
creased: negative voltage being applied to the control grid 
66 of the rectifier 46 whereby to reduce the speed of rota 
tion of the output: shaft 24 to provide the desired paper 
velocity and tightness of re-wind. Therefore, it will be 
readily apparent that as the diameter of the take-up roll 
increases, the speed of operation of the output shaft 24 
decreases, whereby, to maintain the paper velocity at a 
constant, predetermined speed. 
will be understood that the phase relationship of the gen 
erators. 32 and 34 must be so set that, as the paper speed 
increases, the voltage generated by the paper generator 
34 tends to add to the voltage generated by the motor 
generator 32, and thereby to decrease the D. C. voltage 
applied to the clutch coil 31, whereby to decrease the 
speed of operation of the motor out-put shaft 24. 
The previously mentioned tube 64 constitutes a full 

Wave rectifier for Supplying the anode voltage to the tubes 
84, 98 and 100. Tube 98 is an electron-ray indicator 
tube, the grids thereof being connected through the lead. 
Li6 to the secondary 78 of the transformer 72, for in 
dicating, the operation of the generators 32 and 34. The 
primary 70 is connected through the lead Li to the 
crystal rectifier 162 which is connected through the re 
sistor. 104 to the control grid 106 of the tube E00. Said 
tube 100 controls the operation of a normally closed and 
normally de-energized relay 108 which is connected in 
the plate circuit of tube 100. Said relay, when ener 
gized, opens the power circuit for the motor 20 at 12, 
114 and 16. It will be understood that the output of 
paper generator 34 charges condenser 120 to develop 
a voltage across the condenser which serves to bias the 
tube 100 to cut-off, so that the relay 108 remains closed. 
However, when there is no signal developed by the gen 
erator 34, due to breakage of the paper or as a result of 
any other cause which stops paper travel between the 
rolls, the condenser 110 discharges and the tube 400 con 
ducts whereby, to energize the relay. This opens the 
motor circuit at 112, 14 and 6 so as to immediately 
stop the rotation of the roller. 14. 

From the foregoing, it will be readily apparent that 
due to the maintenance of a constant paper velocity, a 
uniform processing production is obtained, as well as a 
Substantial increase in production. In addition the con 
stant velocity of the paper results in a constant degree of 
tension of the material in production, extreme sensitivity 
of operation. In addition automatic control which re 
Sults in the prevention of damage to the work is obtained. 
While I have shown and described the preferred em 

bodiment of my invention, it will be understood that 
various changes, may be made in the present invention 

in this connection, it. 
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without departing from the underlying idea or principles 
of the invention within the scope of the appended claims. 

Having thus described my invention, what I claim and 
desire to secure by Letters Patent, is: 

1. In apparatus of the character described, work-drive 
means, means for obtaining a signal voltage as a func 
tion of the speed of said drive means, means for obtain 
ing a signal voltage as a function of the velocity of the 
Work in Said apparatus, and means for utilizing said volt 
ages to control the speed of said drive means, whereby 
to maintain said velocity Substantially constant, said 
utilizing means including a pair of transformers each hav 
ing a primary winding adapted to receive one of said 
voltages, respectively, and means for coupling the pri 
mary winding of one of said transformers and the sec 
ondary winding of the other of said transformers, where 
by to produce a composite control voltage, said voltage 
means having a phase relationship such that the voltages 
thereof are additive as said work velocity increases. 

2. In apparatus of the character described, work-drive 
means, means for obtaining a signal voltage as a func 
tion of the speed of said drive means, means for obtain 
ing a signal voltage as a function of the velocity of the 
work in Said apparatus, and means for utilizing said volt 
ages to control the speed of said drive means, whereby 
to maintain said velocity substantially constant, said 
utilizing means including a pair of transformers each 
adapted to receive one of said voltages, respectively, and 
means for coupling said transformers for producing a 
composite control voltage, said voltage means having a 
phase relationship such that the voltages thereof are ad 
ditive as said work velocity increases. 

3. In apparatus of the character described, work-drive 
means, means for obtaining a signal voltage as a function 
of the speed of Said drive means, means for obtaining a 
signal voltage as a function of the velocity of the work 
in said apparatus, a circuit operable by said voltages to 
control the speed of said drive means, said signal voltage 
means being connected in said circuit to provide a com 
posite control voltage, and said signal voltage means 
ibeing phased to provide for the addition of said signal 
voltages in Iesponse to an increase in the velocity of said 
work. 

4. In a control system for a motor connected by an 
electric slip coupling in driving relation with a device dis 
posed to wind material proceeding from a supply thereof, 
said coupling having a field winding, a control circuit to 
energize said field winding so as to adjust said coupling 
whereby to drive the winding device at a speed which will 
maintain substantially constant tension in said material as 
the winding diameter increases and as the speed of the 
material travel varies, said control circuit comprising 
means to generate a signal in response to the driving speed 
of the motor, means to generate a signal in response to 
the speed of travel of the material, and means to combine 
the outputs of said generating means to provide a com 
posite signal voltage for operating said control circuit to 
energize said field winding, said signal generating means 
being phased to provide for the addition of said signal volt 
ages in response to an increase in the velocity of the ma 
terial, and said control circuit having means operable to 
decrease the energization of said field winding in response 
to an increase in said composite voltage. 

5. A control System, as defined in claim 4, further 
characterized in that the control circuit includes recti 
fier means for energizing the field winding of the slip 
coupling, said rectifier means comprising a grid-con 
trolled rectifier tube, means providing a predetermined 
bias voltage for the grid of said tube whereby to control 
the output of said tube for energizing said field winding 
to provide a predetermined coupling between the motor 
and the winding device for a predetermined tension in 
said material, and means for varying said bias voltage 
in response to variations in the magnitude of said com 
posite control voltage, 
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6 
6. In a control system of the character described, a 

first and a second alternator means, a first transformer 
having its primary winding electrically connected to the 
output of said first alternator means, a second trans 
former having its primary winding electrically connected 
to the output of said second alternator means, and the 
Secondary winding of said second transformer being con 
nected to the primary winding of said first transformer, 
whereby to provide a composite signal at the secondary 
winding of said first transformer. 

7. In a control system for a motor connected in driv 
ing relation with a device disposed to wind material pro 
ceeding from a supply thereof, a first generator driven by 
the material, a second generator driven by the motor, 
means for combining the outputs of said generators to 
produce a composite output, and means responsive to said 
composite output for controlling the driving speed of the 
mctor whereby to maintain the velocity of the material 
substantially constant, said generators being phased to add 
the outputs thereof as the velocity of the material in 
CaSCS. 

8. In a control system for a motor connected in driv 
ing relation with a device disposed to wind material pro 
ceeding from a supply thereof, a first generator driven by 
the material, a second generator driven by the motor, 
means for combining the outputs of said generators to 
produce a composite output, and means responsive to said 
composite output for controlling the driving speed of the 
motor whereby to maintain the velocity of the material 
Substantially constant, sail combining means including a 
pair of transformers each adapted to receive the output 
of one of said generators, respectively, the secondary of 
one of said transformers being coupled to the primary 
of the other of said transformers, and said generators hav 
ing a phase relationship to add the outputs thereof as the 
velocity of the material increases. 

9. in a control System for a motor connected in driv 
ing relation with a device disposed to wind material pro 
ceeding from a supply thereof, a first generator driven by 
the material, a second generator driven by the motor, 
means for combining the outputs of said generators to 
produce a composite output, and means responsive to said 
composite output for controlling the driving speed of the 
motor whereby to maintain the velocity of the material 
Substantially constant, said generators being phased to add 
the outputs thereof as the velocity of the material in 
creases, said controlling means including magnetic clutch 
mechanism for connecting the motor in said driving re 
lation with the material-wind device, and means for vary 
ing the energization of said mechanism in response to 
variations in said composite output. 

10. in a control system for a motor connected in driv 
ing relation with a device disposed to wind material pro 
ceeding from a Supply thereof, a first generator driven by 
the material, a second generator driven by the motor, 
means for combining the outputs of said generators to 
produce a composite output, and means responsive to 
said composite output for controlling the driving speed 
of the motor whereby to maintain the velocity of the ma 
terial substantially constant, said generators being phased 
to add the outputs thereof as the velocity of the material 
increases, and means for discontinuing the driving of the 
winding device by the motor upon discontinuance of out 
put by said first generator. 
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