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My invention relates to motor control systems 
and more particularly to a system of control for 
varying the speeds of an electric motor. 

In the paper industry and similar industries, 
webs of paper or other materials are often re 
quired to be wound into large rolls. The paper 
is supplied to the winder roll at a constant speed 
but as the roll diameter increases the motor speed 
driving the roll has to be decreased to match the 
changes in roll diameter, 
One object of my invention is the provision 

of means for maintaining the tension in a web 
of material being Wound on a roll constant. 
Another object of my invention is the pro 

vision of decreasing the normal speed of a motor 
in response to the rising changes of an electric 
quantity without a consequent appreciable in 
crease in motor speed in response to a decreasing 
change in the electrical quantity, 
The objects hereinbefore expressed are merely 

illustrative of numerous other objects and ad 
vantages that will, no doubt, become readily ap 
parent from a study of the following specifica 
tion and the accompanying drawing, in which: 
The single figure is a diagrammatic showing 

of one embodiment of my invention. 
In the single figure showing my invention dia 

grammatically, the reference character M desig 
nates a motor coupled to drive a roll R on which 
a sheet of web material P, as paper, cloth, rub 
ber, etc., is being wound. The web, or sheet of 
paper, is Supplied to the roll at a constant speed 
and as the diameter of the roll of paper on roll 
R increases, it is necessary that the speed of the 
motor M be automatically decreased in direct 
proportion to the increase in roll diameter to 
prevent undue stresses in the paper. 
The prior art devices for decreasing the motor 

speed usually include the use in each case of a 
regulator that operates to maintain constant cur 
rent in the notor arnature circuit. As the roll 
diameter increases and the current in the arma 
ture circuit tends to increase, the regulator op-. 
erates to increase the motor field flux, thereby 
causing the notor to run at a lower speed with 
the same armature current. 
The prior art devices have, however, the bad 

feature, as follows: When the sheet of paper, P. 
breaks, the current in the motor armature almost 
instantly drops to a low value and then is not 
high enough to satisfy the regulator, which regu 
lator then, contrary to desired operation, oper 
ates to speed the motor up to a maximum. This 
may, and usually is, a dangerous speed, depend 
ing on the size of the roll at the time the paper 
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breaks and on the operating voltage across the 
motor arnature. 
In the single figure, I. illustrate a simplified 

form of a regulating scheme that makes use of a 
rotating current regulator and control that do 
not produce the dangerous operating character 
istics of the motor produced by the devices of 
the prior art. When the paper breaks, there is 
no appreciable increase in motor Speed. 
In my scheme of control, the motor M has two 

fields 3 and 37. Field 3 is excited from the 
constant potential buses 2 and 5 through the 
motor operated rheostat 2. The field 37 is ex 
cited from the rotating regulator generator Or 
exciter E. The operation of generator E on this 
field 3 is such that substantially constant Cur 
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rent is maintained in the armature of motor M. 
The generator E has three fields as follows: 

The field 38 is a self-exciting field and is in the 
series circuit including the armature of E, con 
tact members , rectifier 36, field 37, field 38, and 
the resistor 39. The field 3 is excited from con 
stant potential buses 2 and 5 and in effect is 
opposite to the effect of field 38 as indicated by 
the arrows, adjacent these fields. Field 34 is. 
connected across the resistor 27 connected in the 
loop circuit of generator G and motor M, and 
its effect, is a measure of the current to be held 
constant. A satisfactory condition for stable 
operation and effective regulation is such that 
the ampere turns in field 3 must be equal and 
opposite to the ampere turns in field 3. 
On starting a roll of paper, when the diam 

eter of the roll R is small, the speed of motor M 
must be high and is adjusted by proper position 
ing of lead 5 on resistor 2 so that field 3 
produces the desired high speed. On the other 
hand a proper adjustment of lead 44 on resistor 
48 determines the rapidity of response of the 
motor 50 thereby giving the desired quick Con 
trol of the resistance in the field circuit of the 
field 3. This will become more apparent aS 
the description proceeds. As paper is wound on 
the roll and its diameter increases, there is a 
tendency for the current to increase in the arma 
ture circuit of motor M. This causes an in 
creased voltage drop across resistor 27 with a 
consequent rise in the excitation of field 3. The 
regulator generator voltage thus rises with a con 
sequent increase in the field excitation of the field 
3 of motor M. This increased Current in the 
motor field 37 causes the motor M to be operated 
at a slower speed with the same armature cure 
rent. m 

The additional current through the field 37 
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also flows through the regulator generator field 
38 causing the generator to maintain itself at 
the higher voltage. 
The speed regulating control relay 42 is a cali 

brated relay set to pick up at some selected volt 
age across the regulator armature and to drop 
out at a definite but slightly lower voltage of 
the regulator generator. When the regulator 
generator voltage builds up to the pick-up volt 
age, relay 42 operates to close contact members 
48. A circuit is thus established from bus 2 
through conductor 45, contact members 43, field 
46 and armature 47, resistor 48 and speed ad 
justing lead 44 to bus 5. w 
The rheostat motor 50 thus operates rheostat 

arm f f clockwise to shunt resistor sections of the 
speed adjusting rheostat 2. The excitation of 
field 3 is thus increased and the motor M slows 
down still more. As the notor slows down be 
cause of the increased excitation in field 3, the 
motor armature current decreases and the motor 
speed tends to decrease. As the motor armature 
current decreases, the excitation of field 34 de 
creases, the voltage of regulator generator E de 
creases and in consequence the exciting current 
in notor field 3 decreases and the exciting cur 
rent in field 38 decreases, with the result that 
the motor armature current is maintained con 
stant and thus the tension in the paper, P, is 
maintained constant. 
This effect of decreasing the voltage of the 

generator E continues until the dropout voltage 
for relay 42 is attained. Contact members 43 
are thus opened and notor 50 stops. As the roll 
diameter increases further, the cycle of opera 
tion repeats itself. At each operation of relay 
42, the rheostat arm f is moved to a new posi 
tion of adjustment. This sequence continues 
until a full roll of paper is reached, when the 
motor M is running at its slowest speed. 
With all prior art devices where the regulator 

attempts to control the motor speed over its en 
tire range when the paper breaks the motor, as 
M, immediately speeds up to its maximum value. 
This resultant high speed is that which would 
be necessary for a small roll, namely the speed 
determined by the adjustment of lead 5 on the 
field resistor 2. 
With my system of speed regulation, the speed 

increases, upon a break of the paper, is limited 
in all cases to that which results when the ex 
citation of field 3 is removed. This value can 
be changed at will by calibrating relay 42 to pick 
up at a higher or lower voltage, as desired. 
The action of the rotating regulator generator 

and the devices it controls when the paper breaks 
is to remove all excitation from field 37 and 
even to reverse its polarity. To prevent reversal 
of polarity, I use the electric valve or rectifier 
36. This rectifier permits flow of current in the 
motor field 37 and to the coil 4f of relay 42 in 
one direction only. Thus it will be seen that the 
greatest Speed increase that can result at any 
time upon a break of the paper, is that which is 
caused by the renoval from field 37 of the ex 
citation being supplied by the regulator at the 
particular instant when the paper breaks. In 
other words, the maximum Speed of the motor 
M at the moment of the breaking of the paper 
is determined by the position of rheostat arm f 
at the time and not as with prior art devices 
upon the maximum speed adjustment deter 
mined by the lead 5f. 
With my system of control, I obtain an in 

crease or decrease in regulator voltage by shift 
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2,300,988 
ing the lead 52 on the tension rheostat 4, which 
thus effects a readjustment on the regulator field 
3. An increase in ampere turns in this field 3 
means that higher ampere turns in field 34 are 
necessary in order to produce a balanced condi 
tion. This increase represents an increase in 
motor arnature current. 
When a full roll has been reached and a new 

one is to be shorted, the "Increase' push button 
is depressed to cause the motor 50 to move arm 

counterclockwise to the weak field position or 
move opposite the connection of lead 5 to insert 
the maximum number of resistor Sections in the 
field 3. If for any reason, the arm f is to be 
moved clockwise independent of automatic con 
trol, the "Decrease' push button is depressed. 
A still better understanding of the novel fea 

tures of my invention may be obtained from a 
study of typical operations. The motor A is a 
large constant speed motor operating, when cir 
cuit breaker B is closed, a number of winders, 
but in the figure is shown coupled to drive only 
the regulating exciter, E, and the generator, G. 

Initially the motor M is operated slowly by suit 
able inching means (not shown) to thread the 
paper on the roll. To obtain the desired opera 
tions lead 44 is adjusted to get a rheostat motor 
speed having, preferably, a speed somewhere near 
ly proportional to the paper speed. Lead 5 
is adjusted to get the maximum allowable speed 
of roll R, when the roll is substantially empty, 
that is, when the winding is to start after the 
paper is threaded on the roll. This speed will, 
of course, be matched to the paper speed. Lead 
52 is adjusted to get the proper paper tension. 
After the necessary adjustments, which usu 

ally need not be altered for the winding of suc 
cessive rolls, except where entirely different ma 
terials are to be wound on roll R, the attendant 
closes switch to energize the control circuits, 
and operates switch 26 to connect my system for 
automatic speed control. Operation of switch 
establishes one circuit from energized bus 2 
through field 3, tension control lead 52 of the 
rheostat 4 to bus. Field and the series con 
nected resistor 6 are connected in parallel to all 
the resistor sections of rheostat 4 and are thus 
also energized. 
Another circuit is established from bus 2 

through adjustable resistor 8, neutralizing coil 
9 of the time limit relay O to bus 5. A further 
circuit is established from bus 2 through the 
rheostat arm , all of the selected usable re 
sistor sections of rheostat 2, and fied 3 to 
bus 5. 
To start the operation starting switrh 5 is 

actuated whereupon a circuit is established from 
bus 2 through stop switch 4, starting switch 5, 
magnetizing coil 6 of relay 0, back contact 
members 7 of the main contactor f8, to bus 5. 
The time limit relay operates immediately to 

close contact members 9 to energize the actu 
ating coil 20 of the main contactor and at the 
same time open the contact members 33. Op 
eration of main contactor f3, closes contact mem 
bers 23 to establish its own holding circuit, closes 
contact members 29 to connect the motor M to 
the generator G, closes contact members 2 to 
complete the circuit through coil 24, of control 
relay 25, and automatic control switch 26, and 
Opens contact members 7 to deemergize the mag 
netizing coil of relay O. 

Energization of coil 24 causes the immediate 
closing of contact members 35, whereas the clos 
ing of contact members 29 establishes a circuit 
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from the positive terminal of the generator 
through resistor 27, accelerating resistor 28, con 
tact members 29, stabilizing series field 30, mo 
tor M to the negative terminal of the genera 
tor G. 

After a predetermined time interval, depend 
ing on the adjustment of spring means 3, the 
delaying effect of the short-circuiting winding 
32, and the neutralizing coil 9, contact members 
33 close thus bringing the motor up to full speed. 
The regulating control will be apparent from 

the explanations already given. 
The System of control I have disclosed is mere 

ly illustrative of my invention and I, therefore, 
do not wish to be limited to the particular show 
ing made but wish to be limited only by the scope 
of the claims hereto appended. 

I claim as my invention: 
1. In a system of control for a direct current 

motor, in combination, a source of constant di 
rect current potential, a motor having an arma 
ture winding connected to the said Source of con 
stant potential and having two field windings, 
means for energizing the field windings, means 
responsive to the current variations in the arma 
ture winding of the motor for varying the exci 
tation of One of the field windings in correspond 
ence to the variations in armature current, means 
responsive to a predetermined rise in excitation 
in the excitation in the said one field winding 
for increasing the excitation in the other of said 
field windings and means responsive to a prede 
termined decrease in the excitation in the said 
one field winding for stopping the rise in exci 
tation in the other of said field windings. 

2. In a system of control, in combination, a 
loop circuit, including a generator armature 
winding and a motor armature winding, for carry 
ing currents subject to variations in value due 
to changes in the load driven by the motor in 
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cluded in the loop circuit, a field winding for . 
the motor, means responsive to variations in the 
value of the current in the loop circuit for cor 
respondingly varying the current in the said field 
winding, a second field winding for the motor, 
and means, responsive only to a predetermined 
rise in the current value in the loop circuit for 
correspondingly only increasing the current in 
the second field winding. . 

3. In a system of control, in combination, a 
loop circuit, including a generator armature 
winding and a motor armature winding, for 
carrying currents subject to variations in value 
due to changes in the load driven by the motor 
included in the loop circuit, a field winding for 
the notor, means responsive to variations in the 
value of the current in the loop circuit for cor 
respondingly varying the current in the said 
field winding, a second field winding for the 
motor, means responsive only to a predetermined 
rise in the current value in the loop circuit for 
correspondingly only increasing the current in 
the Second field winding, and means responsive 
to a predetermined decrease of the current in 
the first field winding for stopping the means 
fo increasing the current in the second field 
winding. 
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4. In a system of control for a direct current 

electric motor, in combination, a generator coul 
pled to be driven at a substantially constant 
speed, a motor having an armature Connected in 
a loop circuit with the generator and having 
two field windings, means responsive to varia 
tions in current in the loop circuit for changing 
the excitation of one of the field windings, meals 
responsive only to a predetermined rise in cul 
rent in the loop circuit for only increasing the 
excitation of the other field winding, and means 
responsive to a predetermined decrease in the 
current flowing in the first field winding for 
stopping the means for increasing the current 
in the second field winding. 

5. In a System of control for a direct current 
electric motor, in combination, a generator cou 
pled to be driven at a substantially constant 
speed, a motor having an armature connected in 
a loop circuit with the generator aad having 
two field windings, means responsive to varia 
tions in Current in the loop circuit for changing 
the excitation of one of the field windings, and 
means responsive only to a predetermined rise 
in current in the loop circuit for only increasing 
the excitation of the other field winding. 

6. In a system of control, in combination, a 
circuit, including an electromagnetic winding, 
for carrying a current subject to variations, a 
second electromagnetic winding magnetically 
coacting with Said first electromagnetic winding, 
means responsive to changes in current in the 
circuit for changing the current in Said second 
electromagnetic winding, a third electromag 
netic winding, means responsive to a predeter 
mined rise in current in said circuit for increas 
ing the current in the third electromagnetic 
winding, and means responsive to a predeter 
mined decrease in the current in the second 
named electromagnetic winding for stopping the 
operation of the means for increasing the cur 
rent in the third electromagnetic winding. 

7. In a System of control, in combination, a 
motor Subject to variations in load current, an 
exciter driven at a constant speed having three 
field windings, one of the field windings being 
energized a constant amount, said notor hav 
ing two field windings one of the motor field 
windings being connected in series with the ex 

50. citer and one of the other or second field wind 
ings of the exciter, the third field winding, nor 
mally equal and opposite in effect to the effect of 
the first exciter field windings and cumulative to 
the second exciter field winding, being connected 
to the motor load circuit to thus vary with varia 
tions in the motor load, whereby the exciter 
voltage is changed proportional to the change 
in excitation in the excitation of One of the motor 
field windings, means responsive to a predeter 
mined use in the excitation in the Said One mo 
tor field winding for increasing the excitation of 
the second motor field winding, and responsive 
to a predetermined drop in excitation of the first 
motor field winding for stopping the rise in ex 
citation in the second motor field winding. 

JAMES G. STEPHENSON. 


