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This invention relates, generally, to control 
systems, and, more particularly, to Systems for 
controlling the tension on strip material as it is 
being passed through a rolling mill. 
In the operation of steel strip rolling mills it 

is desirable that back and front tensions be ap 
plied to the strip as it enters and leaves the Work 
ing rolls. In some instances it is highly desir 
able to maintain front and back tensions on the 
strip of greater magnitude than can be applied 
through the Winding and unwinding reels. It 
has become the practice, therefore, to provide 
tensioning devices between the unwinding reel 
and the working rolls and between the Working 
rolls and the winding reel which Will function 
to provide much higher front and back tensions 
at the working rolls than the Winding and un 
winding reel tensions. One Such tensioning de 
vice for providing front tension on the strip as 
it leaves the roll Stand has been in the form of 
a pulling device comprising a pair of driven rolls 
over which a partial wrap of the strip is taken 
in passing from the roll stand to the winding 
reel. These two rolls provide the front tension 
on the strip while the winding tension is inde 
pendent of the front tension. 

Heretofore, the rolls of such pulling devices 
have been geared together and driven by a Single 
motor. This method of operation has been 
found unsatisfactory for the reason that Small 
differences in the diameters of the rolls of the 
pulling device cause Slippage and buckling of 
the strip on the rolls and sometimes cause one 
of the rolls to carry most of the pulling load. 
An object of the invention is to provide a ; 

control System for strip tensioning rolls which 
shall function to distribute the tensioning load 
between the rolls in a predetermined adjustable 
proportion which shall maintain the desired 
tension distribution between the tensioning rolls 
regardless of the Speed of the mill, and Which 
shall be simple and efficient in operation, and 
inexpensive to manufacture, install, operate, and 
maintain. 
These and other objects and advantages of the 

invention will be apparent from the following 
detailed deScription taken in connection with the 
accompanying drawings in which: 

Figure I is a diagrammatic view of a portion 
of a strip rolling mill embodying the principal 
features of a preferred embodiment of the in 
vention, and Fig. 2 is a diagrammatic view of a portion of 
a strip rolling mill embodying the principal 

2 

. 

40 

50 

In practicing the invention, tensioning rolls 
driven by separate motors are positioned to en 
gage the Strip between the winding reel, and a 
roll Stand of a strip rolling mill. Substantially 
Constant excitation is provided for the tension 
ing roll motors and their relative excitations are 
adjusted in accordance with the relative tension 
ing torques that it is desired to have the tension 
ing rolls exert upon the strip. The armatures 
of the tensioning roll motors are connected in 
Series circuit relation and energized by the same 
Source of adjustable voltage power as the reel 
motor and the reducing roll stand motor. An 
auxiliary generator is connected in series circuit 

5 relation With the tensioning roll motors and is so 
Controlled in accordance with armature current 
of the tensioning roll motors as to maintain 
the a'nature current substantially constant. 
The Constant armature current of the tension 
iing roll motorS together with constant excitation 
of these motors results in the application of a 
Substantially constant tension to the strip. 

In the embodiment of Fig. 2 a tensioneter or 
tension responsive device controls the excitation 
Of the auxiliary generator to maintain the 
torqueS of the tensioning roll motors substan 
tially constant. 

Referring to Figure 1 for a more detailed de 
Scription of the invention, the tensioning rolls 2 
and 4 driven by the motors 6 and 8, respectively, 
are positioned to Subject the strip O to tension 
as it extends or passes from the rolls of the mill 
Stand f2 to a reel 4. The rolls of the mill stand 
2 and the reel 4 are driven by the motors 6 
and 8, respectively. 
The motors 6 and f3 are supplied with power 

by a main generator 20 which is continuously 
driven by any Suitable means such as the motor 
22. The generator 20 is connected to energize a 
power bus comprising the conductors 24 and 26. 
The armature of the roll stand motor 6 is con 
nected to the power bus by a circuit which ex 
tends from the conductor 24 through the con 
ductor 28, the armature of the motor 6, and the 
conductor 30, to the conductor 26. The reel 
notor 8 is connected to the power bus through 
a circuit Which extends from the conductor 24 
through the conductor 32, a controller, as in 
dicated, and a conductor 34 to the conductor 26. 
The controller is merely indicated and not shown 
in detail for the reason that any type of con 
troller well known in the art which will function 
to control the reel motor 8 to maintain sub 
Stantially constant strip tension may be used. 

features of another embodiment of the invention. 55 The Speed of the motors 6 and 8 is controlled 
  



2 
by varying the voltage of the main generator 20 
in a Well known manner by means of an ad 
justable resistor 33 connected in the excitation 
circuit of its field Winding 38. 
The field Winding 40 of the reel motor 8 is 

connected to be energized from any suitable 
source of direct current power represented by 
the conductors A and B, through a circuit Which 
extends from the conductor A, through the con 
ductors 42 and 44, the controller to which the 
field winding 4 is connected, and conductors 46 
and 48 to the conductor B. The field Winding 
53 of the roll stand motor 6 is connected to the 
source of direct current power, as indicated, 
through a suitable variable resistor 52. 
The field windings 54 and 56 of the tension 

roll motors 6 and 8, respectively, are connected 
to be energized from the source of direct cur 
rent power through a circuit which extends from 
the conductor A, through the conductor 58, a c 
variable resistor 69, conductor 2, the field wind 
ing 54, conductor 64, the field winding 65, and 
the conductor 48 to the conductor B. A shunting 
circuit including a fixed resistor S3, a variable 
resistor 58, and a fixed resistor 7 is provided for 
the field windings - 54 and 58. This shuinting 
circuit extends from the conductor 82 through 
the conductor 72, the resistors 66, 3- and 7, 
and the conductor 4 to the conductor 48. The 
Selective contact eerient 8 of the variable re 
sistor 68 is connected by means of the conduc 
tor 78 to the conductor 64. This shunting cir 
cuit, including the variable resistor 68, provides 
a means for selectively adjusting the relative 
values of the excitation of the motors 6 and 8. 
The variable resistor 68 may be adjusted to pro 
vide the desired ratio of field currents in the 
Series connected field Windings 5A and 56 and 
the variable resistor 3G may be adjusted to pro 
vide the desired announts of excitation of the 
motors 6 and 8. 
An auxiliary generator 8 is coinnected in 

Series circuit with the arnatures of the motors 
S and 8 to the power conductors 2 and 26 
in a circuit which extends from the conductor 
24 through the conductors 32 and 82, the arma 
ture of the motor 8, the conductor 84, the arma 
ture of the motor 6, the conductor 83, the arma 
ture of the auxiliary generator 8, the Series 
field Winding 88 of tie generator 33 and the E 
conductor 9 to the conductor 26. 
The generator 8 is provided with a field 

winding $2 which is connected across the series 
field winding 83 of the generator 89 in series 
with the variable resistor 34 to be energized in 
accordance With the current in the arimatures 
of the motors 6 and 8, and the generator 80. 
The field winding 92 is utilized to vary the out 
put potential of the generator 80 and, thus, 
vary the armature currents of the motors 6 and 
8 to compensate for the I. R. drop therein. 
The generator 8 is provided with another field 

Winding 96 which is connected to be controlled 
by a regulator comprising a Wheatstone oridge 
arrangerinent 98 and a current responsive sole 
noid fe). Two opposed junctions of the Wheat 
stone bridge arrangement are connected, as in 
dicated, by the conductors 2 and C4 to the 
direct current power conductors A and B. The 
field Winding 98 is connected across the other 
opposite junctions of the Wheatstone bridge ar 
rangement 98 in a circuit which extends from 
One of these junctions 5 through a conductor 

8, a primary winding 8 of a transformer 28, 
a conductor 2, the field winding 95, a con 
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ductor 58 to the junction 35. 

2,281,063 
ductor 4, a variable resistor 6, and a con 
ductor 8 to the other of these junctions 9. 
he winding of the Solenoid i G3 is connected to 

be energized in accordance With the current 
flowing in the arnatures of the notors 6 and 
3 and the generator 8 by the potential drop 
across the series field Winding 88 of the gen 
erator 8 through a circuit Which extends from 
one side of the series field wilding 88, through 
the conductors 22 and 22, the Secondary wind 
ing 2 of the transformer 3, tine conductor 
2S, the secondary Winding 28 of a transformer 

f38, a conductor 32, the Winding of the Solenoid 
3, a conductor 36, a variable resistor 36 and 

conductor's 38, 28 and 98, to the other side of 
the series field winding 88. 
The Solenoid is actuates a movable arm 40 

against the bias of a spring member 42. Con 
tact eiennents 44 and 46 are mounted on the 
arrin it to be moved therewith and are posi 
tioned to cooperate With a fixed contact eienent 
38. The contact elements 44, 46 and 48 

control shunting circuits for the resistor legs f50 
and 52 of the Wheatstone oridge 96. The shunt 
ing circuit for the resistor 53 extends from 
the junction 53 through the conductor 54, 
the contact elements 48 and $4, and the con 

The shunting 
circuit for the resistor 52 extends from the 
junction 33 through the conductor 34, the con 
tact elements iá8 and $, and the conductor 58 
to the junction 9. 
The primary winding 89 of the transformer 

i3 is connected to be energized in accordance 
with the output potential of the generator 80 in 
a circuit Whigh extends front one side of the 
armature of the generator 80 through the con 
ductor 23, the winding (), and a conductor 62 
to the other side of the arnature of the gen 
erator 80. 
In the operation of the System, the controller 

for the reel motor 8 will function as herein 
before explained to maintain a substantially con 
stant tension on the strip, as it is wound on 
the reel 4, and the regulator comprising the 
Wheatstone biidge arrangement 38 and the 
Solenoid (9 Will function to so control the exci 
tation of the generator 89 as to cause the gen 
erator to maintain Substantially constant current 
in the armatures of the tension roll motors 6 
and 8. With constant current in the armatures 
of the notors 6 and 8 and With constant field 
excitations of these notors, it will be apparent 
that the torques of these motors will remain 

it; Substantially constant and that they will exert 
substantially constant tensions upon the strip O 
through the tensioning rolls 2 and 4. 

Considering the operation of the regulator 
imore in detail, any variation in the armature 
Current of the auxiliary generator 83 produces 
a corresponding variation in the voltage drop 
across its series field winding 38 and thereby 
varies the energization of the winding of the 
Solenoid fit to cause it, to lift the movable arm 
A49 to cause contact tiements 45 and 48 to 
engage. The engagetent of these contact ele 
ments closes the shunting circuit, for the resistor 
leg 52 of the Wheatstone bridge arrangement 
to cause an unbalance thereof which in turn will 
cause current to flow in one direction through 
the field winding 95 of the auxiliary generator 
8. This will produce a change in the output 
potential of the generator. 32, which in turn will 
cause an impulse to be transmitted through the 
transformer 38 to the circuit of the Winding 
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of the solenoid C9. Likewise, the energization 
of the circuit of the field winding 96 will cause 
an impulse to be transmitted through the trans 
former O to the circuit of the solenoid 00. 
The secondary windings 24 and 28 of the 
transformers 0 and 39, respectively, are so 
connected that the impulses transmitted there 
through by changes of excitation and output 
potential of the generator 80 will cause move 
ment of the Solenoid OO in the opposite direc 
tion to that in which the solenoid 00 previously 
moved to cause the hereinbefore described 
changes of excitation and output potential of 
the generator 80. Thus, after the contact ele 
ments 46 and 48 have closed, the impulses 
transmitted through the transformers 0 and 
30 to the Solenoid 90 will ba Such as to cause 

these contact elements to open and the contact 
elements 44 and 48 to close. The closure of 
contact elements 44 and 48 will act to energize 
the field winding 96 of the generator 80 in the 
opposite direction, which in turn, will cause the 
Solenoid it to move the airin 40 in the direction 
to Open the contact elements 44 and 48 and 
to close the contact elements 46 and 48. Thus, 
the contact elements 44 and 46 Will be con 
tinuously vibrated to excite the generator 80, 
first in one direction, and then the other. The 
relative lengths of the alternate periods of ener 
gization of the field winding 96 of the generator 
80 will be controlled by the armature current 
of the motors 6 and 8 and the generator 80, 
which is the main source of energization of the 
Winding of the Solenoid 90, and it controls the 
average position of the arm 40, and, therefore, 
the relative length of the time of engagement 
of the contact element 44 with the contact ele 
ment 48 and the contact element 46 with the 
contact element f 48. 
AS the mill is started and brought up to speed 

by Variation of the output potential of the main 
generator 2, the tension on the strip 0 applied 
by the tensioning rolls 8 and 4 will remain con 
Stant because of the constant current regulating 
effect of the generator 80 in series circuit rela 
tion with the armatures of the motors 6 and 8, 
regardless of the value of the output potential 
of the generator 20. 

It is usually desired to have a greater tension 
On the Strip ?o between roll stand 2 and the 
tensioning roll 2 than between the reel f4 and 
the tensioning roll 4. The tensioning roll 2 will 
have a greater strip pressure upon it, therefore, 
than the tension roll 4 and will be able to carry 
a greater part of the tensioning load without 
Slippage upon the strip. To cause the tensioning 
roller 2 to carry a greater load than the tension 
ing roller 4, the relative excitations of the motors 
and 8 may be adjusted by the variable resistor 

68 to provide the desired ratio of motor torques. 
These motor torques Will be maintained through 
out the range of Operation of the mill since their 
armature currents are maintained constant, and 
they have a constant field excitation. 
The embodiment of the invention shown in 

Fig. 2 is substantially the same as that of Fig. 1 
with the exception that the regulator which con 
trols the excitation of the generator 80 is made 
responsive to a tension responsive device 79 
and constant strip tension is maintained in re 
sponse to the tension responsive device rather 
than a current responsive device. Like reference 
characters designate similar or identical elements 
of the two systems. 

Referring to Fig. 2, a shunting circuit for the 
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3. 
resistor leg 50 of the Wheatstone bridge ar 
rangement 98 extends from the junction 53 
through the conductors 02, B, 64 and 66, the 
contact element 148 which is mounted upon the 
movable arm 40 actuated by the Solenoid 00, 
contact element 44, and conductor 68 to the 
junction 05. A similar shunting circuit for the 
resistor leg 52 of the Wheatstone bridge ar 
rangement 98 extends from the junction 53 
through the conductors 2, B, 84 and 66 to 
the contact element 48, the contact element 
46, and the conductors and f is to the unc 

tion if 9. 
In this embodiment of the invention, the sole 

noid CO is merely provided to vibrate the mov. 
able contact element 48 between the movable 
contact elements 44 and 46. The energizing 
circuit for the winding of Solenoid 00 extends 
from the conductor A through the conductor 2, 
the variable resistor 36, conductor 4, the sec 
ondary 28 of the transformer 3 C, conductor 
26, the secondary winding 24 of the trans 
former ff0, conductor 76, the winding of the 
Solenoid G0, and conductors 8, 66, and 64 
to the conductor B. 
The engagement of contact element 48 with 

contact element f 46 will close the shunting cir 
cuit for the resistor leg 52 causing an unbalance 
of the Wheatstone bridge 98. This will energize 
the field winding 96 of the auxiliary generator to 
change its output potential. The energization of 
the field Winding 96 of the generator 80 and the 
change of its output potential will cause in 
pulses to be transmitted through the transform 
ers O and 30 to the energizing circuit of the 
Winding of the Solenoid foo in such a direction as 
to cause the contact element 48 to disengage the 
contact element 46 and to engage contact ele 
ment 44. This will cause energization of the 
field Winding 96 in the opposite direction which 
Will result in movement of the contact element 
48 Out of engagement with contact element 44 
and into engagement with contact element 45. 
Thus, the contact element 48 will be made to 
vibrate continuously and continuous regulation 
is effected eliminating hunting or excessive vari 
ations of Strip tension. 
The positioning of the contact elements 44 

and 46 with respect to the vibrating contact ele 
ment 48 is controlled by the tension responsive 
device 79 which comprises a tensioning roller 
80 mounted upon an arm of a bell crank 82 in 
Such position as to engage the strip () and deflect 
it from its normal pass line, and a suitable ac 
tuating means, such as a fluid pressure operated 
piston and cylinder arrangement i84. The con 
tact elements 44 and 46 may be actuated in ac 
cordance with the movement of the ball crank of 
the tension responsive device by means of the 
arm 86 attached thereto. The tension respon 
sive device is so adjusted that variations in strip 
tension will vary the deflection of the strip and, 
therefore, the position of the contact elements 
f44 and 46 with respect to the vibrating contact 
element 48. Thus, the relative lengths of exci 
tation of the generator 80 in one direction and 
the other are controlled by the tension of the 
strip and automatically function to maintain a 
substantially constant strip tension. 

It is to be understood that the application of 
the control System to a rolling mill between the 
roll stand and a Winding reel is merely illustra 
tive and that the System may be used equally Well 
to control the tension between two roll stands of 
a tandem mill or between an unwinding reel and 

  



4. 
a roll stand. In the event that the System is used 
to control the back tension on the strip between 
an unwinding reel and a roll stand, the dynamo 
electric machines 6, 8 and 8 would be operated 
as drag generators and the system would function 
to control the amount of braking torque applied 
to the strip by these drag generators. 

It is to be further understood that as many 
tensioning rolls and their associated dynamo 
electric machines as desired may be provided, the 
system being applicable to several tensioning rolls 
in the same manner as it is applied to two ten 
Sioning rolls in the illustrated embodiments of 
the invention. 

It will be seen that I have provided a control 
system for a strip tensioning device which shall 
function to distribute and maintain the desired 
strip tension between a plurality of driven ten 
Sioning rolls regardless of the Speed of the Iihill, 
which shall compensate for the I. R. drop in the 
dynamo-electric machines connected to the ten 
sioning rolls, which shall be simple and efficient 
in operation, and inexpensive to manufacture, 
install, operate and maintain. 

In compliance With the requireinents of the 
patent statutes, I have shown and described here 
in the preferred embodiments of my invention. 
It is to be understood, however, that the inven 
tion is not limited to the precise constructions 
shown and described, but is capable of modifica 
tion by one skilled in the art, the embodiments 
herein shown being merely illustrative of the 
principles of my invention. 
I claim as my invention: 
1. In a strip tension control System for a pair. 

of tensioning rolls Over which the strip passes in 
travelling between a roll S&Yad aid a, reel of a 
strip rolling mill, in combination, a separate dy 
namo-electric machine connected in driving rela 
tion with each of the tensioning rolls, means con 
necting the arnatures of said dynamo-electric 
machines to a source of potential to which the 
roll stand and reel motors are connected and 
which is selectively variable to vary the Speed of 
the mill, and auxiliary generator connected in Se 
ries circuit relation with said dynamo-electric 
machines, means providing selectively adjustable 
substantially constant excitations for said dyna 
on-electric machines, and means for So control 
ling the said auxiliary generator as to cause Said 
dynamo-electric machines to exert Substantially 
constant torques on the strip regardless of varia 
tions in the value of the potential of the source of 
potential which energizes the reel and roll stand 
motors. 

2. In a controi Systein for a plurality of ten 
Sioning roller's over which a strip of material 
passes in a partial Wrap as it extends between 
adjacent Work devices for CC:(trolling the tension 
on the strip of material as it passes between the 
work devices which are connected in driving 
relation with dynamo-electric m3.3hirles whose 
armatures are energized from a power Source 
of selectively adjustable potential, in combina 
tion, a separate dynamo-electric raachire con 
nected in driving relation with each of the 
rolleis, 1a1ea. S. Coirecting the air iaitres of said 
roller dynard-eiectric niachies to tis source of 
adjustable potential to which the work device 
dynamo-electric machines are connected, means 
providing separately selectively adjustable Suk). 
stantially constant excitations for said roller 
dynamo-electric machires, a generator connected 
in Series circuit relation with said roller dynamo 
electric machines, and means for so controlling 
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said generator as to cause said roller dynamo 
electric machines to exert substantially constant 
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torques on the strip regardless of variations in 
the value of the potential of the power Source. 

3. In a control System for a plurality of ten 
sioning rollers over which a strip passes in a 
partial wrap as it extends between adjacent work 
devices for controlling the tension on the strip 
as it passes between the work devices which are 
connected in driving relation with dynamo 
electric machines Whose arnatures are energized 
from a power source of selectively adjustable 
potential, the combination of a separate dynamo 
electric machine connected in driving relation 
With each of the rollers, means connecting the 
armatures of Said roller dynamo-electric na 
chines to the Source of adjustable potential to 
which the Work device dynamo-electric machines 
are connected, means for providing and main 
taining substantially constant ratios between the 
excitations of the roller dynamo-electric ma 
chines, a generator, means connecting said gen 
erator armature in circuit with the armatures 
of Said roller dynamo-electric machines, and 
means for SO controlling Said generator as to 
CauSe Said roller dynaiino-electric machines to 
exert Substantially constant torques on the strip 
regardless of variations in the potential of the 
power Source. 

4. In a control System for a plurality of ten 
Sioning rollers over which a strip passes in a par 
tial Wrap as it extends between adjacent work 
devices for controlling the tension on the strip 
as it passes between the work devices withich are 
connected in driving relation with dynamo-elec 
tric machines whose arimatures are energized 
from a power source of selectively adjustable 
potential, the combination of a separate dynamo 
electric machine connected in driving relation 
With each of the rollers, means connecting the 
arnatures of said roller dynamo-electric ma-. 
Chines to the source of adjustable potential to 
Which the Work device dynamo-electric machines 
are connected, means providing selectively ad 
justable substantially constant excitations for 
Said roller dynamo-electric machines, a genera 
tor, means connecting said generator in circuit 
With Said roller dynamo-electric machines, and 
leanS responsive to the arnature current of 

Said roller dynamo-electric machines for so con 
trolling said generator as to maintain substan 
tially constant current in the armatures of said 
roller dynamo-electric machines regardless of 
variations of the potential of the said power 
SOce. 

5. In a control system for a plurality of ten 
Sioning rollers over which a strip passes in a 
partial Wrap as it extends between adjacent work 
devices for controlling the tension on the Strip 
as it paSSes between the work devices which are 
connected in driving relation with dynamo 
electric machines whose armatures are energized 
from a Source of selectively adjustable potential, 
the combination of a separate dynamo-electric 
machine Connected in driving relation with each 
of the rollers, means connecting the armatures 
of Said roller dynamo-electric machines to the 
Source of adjustable potential to which the work 
device dynamo-electric machines are Connected, 
means providing Selectively adjustable substan 
tially constant excitations for said roller dynamo 
electric machines, a generator connected in cir 
cuit With said roller dynamo-electric machines, 
and means responsive to the strip tension for 

. So controlling said generator as to maintain sub   
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electric machines, a generator, means connecting stantially constant tension on the strip regard 

less of variations of the potential of the said 
power Source. 

6. In a control System for a plurality of ten 
sioning rollers over which a strip passes in a 
partial Wrap as it extends between adjacent 
work devices for controlling the tension on the 
Strip as it passes between the adjacent work 
devices which are connected in driving relation 
With dynamo-electric machines whose arma 
tures are energized from a power source of se 
lectively adjustable potential, the combination 
of a Separate dynamo-electric machine connect 
ed in driving relation with each of the rollers, 
means connecting the armatures of said roller 
dynamo-electric machines to the source of ad 
justable potential to which the work device dy 
namo-electric machines are connected, means 
for providing and maintaining substantially con 
stant ratios between the excitations of the roller 
dynamo-electric machines, a generator, compen 
Sating means providing an excitation for said 
generator proportional to the armature currents 
of Said roller dynamo-electric machines, means 
connecting said generator armature in circuit 
With the armature of said roller dynamo-electric 
machines, and means for so controlling said 
generator as to cause said roller dynamo-electric 
machines to exert substantially constant torques 
On the strip regardless of variations in the po 
tential of the power source. 

7. In a control System for a plurality of ten 
Sioning rollers over which a strip passes in a 
partial Wrap as it extends between adjacent 
Work devices for controlling the tension on the 
Strip as it passes between the work devices which 
are connected in driving relation with dynamo 
electric machines whose armatures are energized 
from a power source of selectively adjustable 
potential, the combination of a separate dynamo 
electric machine connected in driving relation 
With each of the rollers, means connecting the 
armatures of said roller dynamo-electric ma 
chines to the source of adjustable potential to 
which the Work device dynamo-electric machines 
are connected, means providing selectively ad 
justable Substantially constant excitations for 
Said roller dynamo-electric machines, a genera 
tor, means connecting said generator in circuit 
With Said roller dynamo-electric machines, com 
pensating means providing an excitation for said 
generator proportional to the armature currents 
of Said roller dynamo-electric machines, and 
means responsive to the armature current of said 
roller dynamo-electric machines for so control 
ling Said generator as to maintain substantially 
constant current in the armatures of said roller 
dynamo-electric machines regardless of varia 
tions of the potential of the said power source. 

8. In a control System for a plurality of ten 
Sioning rollers over which a strip passes in a 
partial Wrap as it extends between adjacent work 
devices for controlling the tension on the strip 
as it passes between the work devices which 
are connected in driving relation with dynamo 
electric machines whose armatures are energized 
from a Source of Selectively adjustable potential, 
the combination of a separate dynamo-electric 
machine connected in driving relation with each 
of the rollers, means connecting the armatures 
of said roller dynamo-electric machines to the 
Source of adjustable potential to which the Work 
device dynamo-electric machines are connected, 
means providing Selectively adjustable substan 
tially constant excitations for said roller dynamo 
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said generator in circuit with said roller dynamo 
electric machines, compensating means provid 
ing an excitation for said generator proportional 
to the armature currents of said roller dynamo 
electric machines, and means responsive to the 
strip tension for so controlling said generator 
as to maintain substantially constant tension on 
the strip regardless of variations of the potential 
of the Said power Source. 

9. In a control System for a pair of tensioning 
rollers over which a strip of material passes in 
a partial wrap as it passes between a rolling 
mill and a winding reel for controlling the ten 
Sion on the strip of material as it is delivered 
from the rolling mill and wound onto the wind 
ing reel Which mill and reel are connected in 
driving relation with motors whose armatures 
are energized from a power source of selectively 
adjustable potential, the combination of a sep 
arate drive motor for each of the rollers, means 
connecting the armatures of said roller motors 
to the power source to which the mill and reel 
motors are connected, means providing selec 
tively adjustable substantially constant excita 
tions for said roller motors, a generator, means 
connecting said generator in circuit with said 
roller motors, and means for so controlling said 
generator as to cause said roller motors to exert 
Substantially constant torques on the strip re 
gardless of variations in the potential of the 
power Source. 

10. in a control system for a pair of rollers 
Over which a strip of material passes in a partial 
Wrap as it passes from an unwinding reel to a 
rolling mill for controlling the tension on the 
Strip of material as it is fed to the rolling mill 
from the unwinding reel which mill and reel are 
connected in driving relation with a drive motor 
and a drag generator, respectively, which drive 
motor and drag generator are connected to a 
power Source of selectively adjustable potential, 
the combination of a separate drag generator 
driven by each of the rollers, means connecting 
the armatures of said roller drag generators to 
the power source to which the reel drag genera 
tor and the mill motor are connected, means 
providing selectively adjustable substantially 
Constant excitations for said roller drag gen 
erators, an auxiliary generator, means connect 
ing Said auxiliary generator in circuit with said 
roller drag generators, and means for so con 
trolling said auxiliary generator as to cause said 
roller drag generators to exert substantially con 
stant torques on the strip regardless of variations 
in the potential of the power source. 

11. In a System for controlling the tension on 
a Strip of material as it is delivered from a rolling 
mill and Wound onto a winding reel which mill 
and reel are connected in driving relation with 
motors whose armatures are energized from a 
power Source of Selectively adjustable potential, 
the combination of a pair of rollers over which 
the Strip passes in a partial wrap as it passes 
from the mill to the reel, a separate drive motor 
for each of said rollers, means connecting the 
arnatures of said roller motors to the power 
Source to which the mill and reel motors are 
connected, means providing selectively adjust 
able substantially constant excitations for said 
roller motors, a generator, means connecting 
said generator in circuit with said roller motors, 
and means responsive to the strip tension for so 
controlling said generator as to maintain sub 
stantially constant tension on the strip regard 
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less of variations of the potential of the said 
power source. 

12. In a system for controlling the tension. On 
a strip of material as it is delivered from a rolling 
mill and wound onto a winding reel which mill 
and reel are connected in driving relation. With 
motors whose armatures are energized from a 
power source of selectively adjustable potential, 
the coin bination of a pair of roller's over Which 
the strip passes in a partial Wrap as it passes 
from the mill to the reel, a separate drive motor 
for each of said rollers, means connecting the 
armatures of said roller motors to the power 
source to which the mill and reel motors are 
connected, means providing Selectively adjust 
able substantially constant excitations for said 
roller notors, a generator, means connecting said 
generator in circuit, with Said roller motors, and 
means responsive to the strip tension for so con 
trolling said auxiliary generator as to maintain 
Substantially constant tension on the strip re 
gardless of Walriations of the potential of the 
Said power Source. 
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13. In a system for controlling the tension on 

a strip of material as it is delivered from a rolling 
mill and Wound onto a winding reel which mill 
and reel are connected in driving relation with 
motors Whose armatures are energized from a 
power source of selectively adjustable potential, 
the combination of a pair of rollers over which 
the Strip passes in a partial wrap as it passes 
from the mill to the reel, a separate drive motor 
for each of said rollers, means connecting the 
armatures of said roller motors to the power 
Source to which the mill and reel motors are 
connected, means providing selectively adjustable 
Substantially constant excitations for said roller 
motors, a generator, means connecting said gen 
erator in circuit with said roller motors, and 
means responsive to the armature current of said 
roller motors for so controlling said generator 
as to maintain Substantially constant current in 
the armatures of said roller motors regardless 
of variations of the potential of the said power 
SOICe. 
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