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UNITED STATES PATENT OFFICE 

My invention relates, generally, to speed Con 
trol systems and, more particularly, to a synchro 
tie system for maintaining a substantially con 
stant speed ratio between two rotating elements. 

In certain industrial operations such, for in 
stance, as paper making, a Web of material is 
passed from one roll to another and is subjected. 
to a tension as it passes between the rolls. It will. 
be apparent that if the web were of some mate 
rial that could not be easily stretched, it would 
only be necessary to maintain equal peripheral 
speeds on the rolls in order to properly pass the 
web from one roll to the next. If, however, the 
web were of a material having a tendency to 
shrink or lengthen while passing between the 
rolls, the peripheral speeds of the rolls would 
have to be different by an amount... depending 
upon the amount of shrinking or lengthening of 
the web. In some of such processes, slippage or 
creepage exists between the processing rolls and 
the material being processed, necessitating dif 
ferent peripheral speed ratios of the cooperating 
rols depending upon the amount of this slippage 
Or Creepage. 
The rols cannot be rigidly mechanically con 

nected together so as to maintain a fixed ratio of 
peripheral speeds determined by the amount of 
lengthening or shrinking of the web or by slippage 
Or creeping for the reason that the amount of 
the lengthening or shrinking of the web. or the 
degree of slippage or creeping may vary as be 
tween different parts of the web, thus requiring 
that the ratio of the peripheral speeds of the 
rols vary. 

It is common practice, in carrying out such in 
dustrial processes, to drive one of such rolls di 
rectly from the other by means of a drive belt and 
to provide for slippage of the belt on the driven 
roll to compensate for variations in the ratio of 
the required peripheral speeds of the rolls. Thus, 
with the ratio of the peripheral speeds of the 
rolls adjusted for a given amount of lengthen 
ing of the Web between the rolls, and an amount 
of belt slippage to produce this ratio of speeds, in 
the event that such lengthening increases or de 
creases, the amount of slippage will automatical 
ly vary because of the variation of tension on the 
web between the rolls thus tending to keep ap 
proximately the proper tension on the web re 
gardless of variations in the amount of ength 
ening of the web between the rols. It will be . 
apparent that this method of speed control by 
belt slippage is wasteful of power and causes 
excessive wear on the operating machinery. 
An object of my invention is to provide an 

electrical drive for associated rotating elements 
which shall function to provide ratios between the 
speeds of the rotating elements equivalent to the 
functioning of a slip belt drive between the rotat 
ing elements. 
Another object of the invention is to provide 

an electrical drive connection between roll men 
bers which cooperate to move a web member 
which shall function to vary the ratio of the 
speeds of the rolls in accordance with variations 
of the tension on the web member between the 
rolls. 
A further object of the invention is to provide 

an electrical drive connection between roll mem 
bers which cooperate to move a web member, 
which shall function to vary the ratio of the 
Speeds of the rolls in accordance with variations 
in the amount of change in length of the web 
reber as it is passing between the rolls and 
which may be selectively adjusted for predeter 
mined normal speed ratios. 
A still further object of the invention is to pro 

wide an electrical drive connection between rol 
members which cooperate to move a web member 
which shall function to vary the ratio of the 
speeds of the rolls in accordance with the varia 
tions in the amount of slippage or creepage of the 
web member as it is passing between the rolls, 
and which may be selectively adjusted for prede 
termined normal speed ratios. 
These and other objects and advantages of my 

invention will be apparent from the following de 
tailed description taken in connection with the 
accompanying drawing, in which: 

Figure is a diagrammatic illustration of a 
preferred embodiment of my invention as ap 
plied to the calender and winding reel of a paper 
machine, and 

Fig. 2 is a graph of the Speed-torque charac 
teristics of an auxiliary notor employed in carry 
ing out my invention. 

In practicing a preferred embodiment of my 
invention, a variable speed motor is provided for 
driving the rolls of a paper calender. A wound 
rotor polyphase induction generator of the type 
generally designated as a synchro-tie or sellsyn 
unit in synchro-tie systems having its stator con 
nected to a polyphase source of constant fre 
quency, is driven by the calender driving motor in 
such a direction with respect to the direction of 
phase rotation of the flux of the stator of the in 
diction generator, as to produce a frequency 
which is the sum of the frequencies produced by 
rotation of the generator rotor and the rota 
tion of the generator stator flux. 
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An auxiliary wound rotor induction motor hav 

ing its stator connected to the output circuit of 
the first induction generator is mechanically Con 
nected to drive a second induction generator hav 
ing its stator connected in the output circuit of 
the first induction generator. The winding reel 
is driven by a wound rotor induction motor having 
its rotor energized by the output of the second 
generator and its stator connected to the poly 
phase source of constant frequency. The auxil 
iary wound rotor induction motor has a variable 
resistance in its rotor circuit so that its speed and 

... its speed torque characteristics may be varied. 
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This auxiliary motor may be a wound rotor-in 
duction motor as herein described, or it may be 
any motor with a suitable drooping speed-load 
characteristic similar to that of the wound rotor 
induction motor, such as a direct current series 
wound motor of suitable design. The auxiliary 
motor is geared to drive the rotor of the second 
induction generator at a comparatively low speed. 
in such a direction with respect to the direction 
of phase rotation of the flux of the second induc-. 
tion generator as to produce a frequency which 
is the sum of the frequencies produced by rota 
tion of the generator rotor and the rotation of 
the generator satir flux. 
The speed of the winder driving motor will 

be proportional to the resultant of the frequen 
30: 

3. 

40 

45: 

cies applied to its rotor and stator and will vary 
with the speed of the auxiliary, motor. Since 
the speed of the auxiliary induction motor will 
decrease with increased torque, the winder speed 
will be automatically decreased, with increased 
torque on the web to thus automatically main 
tain the desired speed relation to produce the 
desired substantially constant tension on the web 
as it passes from the calender to the winder. 

Referring now to Fig. 1 of the drawing, a-paper 
calender 4 driven by a variable speed motor 6 
delivers the strip of paper 8 which is wound by: 
winder O driven by a wound rotor induction 
motor f2. A polyphase induction generator 4, 
which may be such a generator as is eommonly 
used as the sending unit in Synchro-tie, systems, 
is connected on the shaft of the motor 6 or by 
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any other common mechanical means to be driven. 
by motor 6 and to thus have its speed varied with 
the variations of the speed of notor 6. The: 
stator 6 of the induction. generator 4t is con 
nected to be energized from a standard Source 
of alternating current X, Y, Z and to have, the 
direction of rotation of the field flux produced by. 
the stator opposite to the direction of rotation-of. 
the motor 8 of the induction generator f4. - 
A second induction generator 20 has its stator. 

winding 22 connected to be energized by the po 
tential generated by induction generator. 4. The 
rotor 24 of unduction generator 2 is driven 
through suitable gearing at a relatively. low; 
speed by the wound rotor induction motor. 26. 
The stator 28 of induction motor 26 is connected 
to be energized by the output potential of the 
induction generator f4. The rotor 30: of the 
induction motor 26 has its windings connected in 
circuit with variable resistance elements 32, 34. 
and 36. The direction of rotation of the rotor 
24 of induction generator. 2 is opposite to the 
direction of rotation of the flux produced by the 
Stator winding 22 of induction generator. 20. 
The induction motor f2 which drives the winder . 
O has the circuit of its rotor 38 connected to be. 

energized by the output potential from the rotor 
24 of induction generator 29. The stator 40- of 
induction motor f2 is connected to be energized 
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from the standard source of alternating current 
X, Y, Z above referred to. The windings of the 
rotor 38 and the stator 40 of induction motor 2 
are so connected that the rotation of the field 
flux produced by each of these windings is in 
the same direction. 

It will be seen in the operation of the device 
that the induction motor 2 is driven by the 
output of the induction generator 4 modified 
by the output of induction generator 20 which 
is under control of the induction motor 26. As 
suming that the field flux produced by the poly 
phase stator winding 6 of induction generator 
4 is rotating at a speed equivalent to 60 cycle 
frequency and that the rotor f3 of induction 
generator f4 is rotating in the opposite direction 
at a speed equivalent to the 60 cycle frequency, 
then a potential of 120 cycles frequency will be 

0 

5 

induced in the rotor winding of induction gen 
erator 4 and will be applied to the stator wind 
ings of induction generator 20 and induction mo 
tor 26. Assume also that the speed of motor 26 
is such as to drive the rotor 24 of induction gen 
erator 20 at a speed equivalent to a frequency 
of 10 cycles. This will cause a potential of a fre 
quency of 130 cycles to be generated in the rotor 
winding of induction generator 20 and to be ap 
plied to the winding of the rotor 38 of induction 
motor f2. Further, assume that the winding 40 
of the induction motor 2 is such as to provide a 
flux rotation at a speed of the equivalent fre 
quency of 60 cycles. With the rotation of the 
flux produced by the stator winding 40 of in 
duction motor. 2 in the same direction as the 
rotation of the flux produced by winding of the 
rotor. 38 of motor 2, it will be seen that the re 
sultant frequency acting to drive the rotor 38 
will be the difference between 130 and 60, or 70 
cycles. Thus the Speed of rotation of motor 6 
and the speed of rotation of motor 2 will bear 
the ratio of 60 to 70. 
The induction motor 26 having the resistance 

elements 32, 34 and 36 connected in its rotor cir 
cuit will have a speed torque characteristic simi 
lar to that shown in Fig. 2, that is, its speed will 
decrease in direction proportional to the torque 
required to be furnished by it. Let us assume that 
the induction motor 26 is operating under the 
conditions represented by the point A on the 
graph of. Speed torque of Fig. 2. Under these con 
ditions the motor 26, will be supplying some of 
the power for driving the induction hotor (2 
which, in turn, drives the winder O. If now 
the tension on the strip of paper 8 should increase 
for some reason, such as decreased stretching of 
the strip or increased shrinkage of the strip, a 
larger torque will be required of motor 26 and it 
will assume the conditions of operation which 
may be represented by the point C on the graph 
of Fig. 2. In supplying this greater torque, the 
Speed of motor 26 has decreased and this has 
caused a decrease in the speed of rotation of 
the rotor 24 of induction generator 20. This de 
crease in the speed of rotation of the rotor 24 will 
cause a decrease in the speed of rotation of rotor 
38, since there will be a resultant decrease in the 
frequency of the potential applied to the rotor 38 
of induction motor 2. As a result, the speed of 
rotation of the winding will be decreased, thus 
preventing too. great an increase in tension on 
the paper strip 8. 

In a like manner, should the tension on the 
strip 8 decrease for any reason, such as increased 
stretching or decreased shrinking of the paper 
Strip, less torque will be required of the motor 
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26 and it will operate under the conditions repre 
sented by h point B on the graph of Fig. 2. 
This decrease in the torque requirements of in 
duction motor 26 will cause it to increase its speed 
thus increasing the speed of rotation of the motor 
24 of induction generator 20 which, in turn, will 
cause an increase in the speed of rotation of the 
induction motor 2 through the increased fre 
quency applied to the rotor of induction motor 
2 from the rotor of induction generator 20. This 

increase in the speed of motor 2 will cause thc 
winder 0 to increase its speed to, in turn, increase 
the tension on the paper strip 8. Thus it is seen 
that a substantially constant tension is auto 
matically maintained on the paper strip 8. 

If now it is desired to maintain a different ten 
sion on the paper strip 8, the resistance elements 
32, 34 and 36 in the rotor circuit of induction 
motor 26 may be so varied as to change the speed 
torque characteristics of motor 26 and to thus 
provide a greater torque of motor 26 for a given 
Speed. 

It will be seen that the speed of rotation of 
the motor 26 will vary with the speed of motor 
6, since the stator 28 of motor 26 will be ex 
cited at a frequency which varies with the speed 
of motor 6 and for this reason the motor 2S will 
act to maintain a nearly constant tension upon 
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the paper strip 8 regardless of the speed of opera 
tion of the calender and winder. 

It will be seen that I have provided a simple 
and efficient electrical drive connection between 
a calender and a winder of a paper mill which 
will function to maintain a substantially con- . 
stant tension on the paper strip between the 
calender and winder regardless of the change 
in stretching or shrinking of the strip between 
the calender and winder and regardless of the 
specd of operation of the calender and winder. 

In compliance with the requirements of the 
patent statutes, I have shown and described 
hercin a preferred embodiment of my invention. 
It is understood, however, that the invention is 
not limited to the precise construction shown 
and described but is capable of modification by 
one skilled in the art, the embodiment herein 
shown being merely illustrative of the prin 
ciples of my invention. 

I claim as my invention: 
1. In a speed control system for automatically 

maintaining a predetermined tension on a web. 
as it is moved by and passes between spaced 
rollel members, variable speed means for rotat 
ing one of said roller members, frequency re 
Sponsive variable speed means for rotating the 
other of said roller members, and means for pro 
ducing a potential which is variable in frequency 
in accordance with the load on said frequency 
responsive means and the speed of said first 
variable Speed rotating means for energizing said 
frequency responsive means. 

2. In a speed control system for automatically 
maintaining a predetermined tension on a web 
as it is moved by and passes between spaced 
roller members, variable speed means for driving 
one of Sald roller members, generator means 
driven by said variable speed means for gener 
ating a potential having a frequency propor 
tionate to the speed of said variable speed driv 
ing means, a variable speed frequency responsive 
driving means for the other of said roller mem 
bers, and means responsive to the load on said 
frequency responsive driving means and the fre 
quency of said generator means for generating a 

3 
potential of variable frequency for energizing said 
frequency responsive driving means. 

3. In a speed control system for rotating ele 
ments cooperatively engaging a traveling ele 
ment, rotating means for driving one of the ro 
tating elements, a first polyphase induction gen 
erator driven by said rotating means, a polyphase 
Source of excitation for said first induction gen 
erator, the rotor of said first induction generator 
being rotated in such a direction as to generate 
a potential at a frequency of the sum of the fre 
quencies produced by rotation of the rotor and 
the rotation of the generator stator flux, a first 
wound rotor induction motor having its stator 
connected to be energized by the output poten 
tial of said first generator, selectively variable re 
sistance means connected in circuit with the rotor 
winding of said first induction motor, a second 
induction generator driven by said first induc 
tion motor, the stator of said second induction. 
generator being energized by the output of said 
first induction generator, the rotor of said sec 
Ond induction generator. being driven in such a 
direction as to generate a potential at a frequency 
which is the sum of the frequencies produced by 
the rotation of the rotor and the rotation of the 
generator stator flux, and a second wound rotor 
induction motor connected to drive the other 
rotating element and having its rotor excited by 
the output potential of said second induction gen 
erator and having its stator excited by said poly 
phase source of excitation. 

4. In a speed control system for automatically 
maintaining a predetermined tension on a web 
as it is moved by and passes between spaced roller 
members, variable speed means for rotating one 
of said roller members, frequency responsive vari 
able speed means for rotating the other of said 
roller members, means for producing a potential 
variable in frequency in accordance with the load 
on said frequency responsive means and the speed 
of said first variable speed rotating means for 
energizing said frequency responsive means, and 
means for selectively varying the rate of varia 
tion of said frequency which varies in accordance 
with the load on said frequency responsive means 
and the speed of said first variable speed rotating 
leans. 

5. In a speed control system for rotating ele 
ments cooperatively engaging a traveling ele 
ment, variable speed driving means for one of 
said rotating elements, a frequency responsive 
variable speed means for driving the other of said 
rotating elements, means for generating a po 
tential for energizing said frequency responsive 
means variable in accordance with the speed of 
rotation of said first rotating element and the 
load on said frequency responsive means, said 
generating means comprising an induction gen 
erator having its stator energized in accordance 
with the speed of said first-mentioned variable 
speed driving means, a wound rotor induction 
motor for driving the rotor of said induction gen 
erator, and means for energizing said induction 
motor stator at a frequency varying with the 
speed of said first-mentioned variable speed driv 
ing means. 

6. In a speed control system for rotating ele 
ments cooperatively engaging a traveling ele 
ment, variable speed driving means for one of 
said rotating elements, a frequency responsive 
variable speed means for driving the other of said 
rotating elements, means for generating a poten 
tial for energizing said frequency responsive 
means variable in accordance with the speed of 
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4. 2,169,016 
rotation of said first rotating element and the 
load on said frequency responsive means, said 
generating means comprising an induction gen 
erator having its stator energized in accordance 
with the speed of said first-mentioned variable 
speed driving means, a wound rotor induction 
motor for driving the rotor of said induction gen 
erator, means for energizing said induction motor 
stator at a frequency varying with the speed of 
said first-mentioned variable speed driving 
means, and variable resistance means in the rotor 
circuit of said induction motor for selectively 
varying the speed-torque characteristics of said 
notor. 

7. In a system for maintaining the proper speed 

relation between a paper calender and a winder 
cooperating therewith, a variable speed motor 
for driving the calender, a frequency responsive 
means for driving the winder, a polyphase gen 
erator driven by said calender motor, an induc 
tion generator having its stator Connected to be 
energized by said polyphase generator and its 
rotor connected to energize said frequency re 
Sponsive means, and an induction motor con 
nected to drive said induction generator, said in 
duction motor comprising a wound rotor, a se 
lectively variable resistance means connected in 
said rotor circuit and a polyphase stator winding 
energized by said polyphase generator. 

REST. R. BAKER. 
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