
Dec. 30, 1941. G. P. LESSMANN 2,268,217 
TENSIOMETER FOR ANDEM MILS 

Filed July l, l937 3. Sheets-Sheet l 

N A, 
Sy 

WITNESSES: N INVENTOR 

22. 26 6er/22/2/42ess/722/2/2 
BY 

ona 

AftORN 

  



2,268,217 

INVENTOR 
Ger/2a1a//622s22zaa 

BY - 

3 Sheets-Sheet 2 

G. P. LESSMANN 

TENSIOMETER FOR TANDEM MILLS 

Filed July l, 1937 

v 

s WINESSES 

2% 

Dec. 30, 1941. 

  



Dec. 30, 1941. G. P. LessMANN 2,268,217 
TENSIOMETER FOR TANDEM MLS 

Filed July 1, 1937 3 Sheets-Sheet 3 

H S 
INVENTOR 

67e/722/a//Zees/772/7/2. 

AtfornE 

WITNESSES: 

ar 

  



Patented Dec. 30, 1941 2,268,217 

UNITED STATES PATENT OFFICE 
TENSOMETER FORTANDEMMLLS 

Gerhard P. Lessmann, Forest Hills, Pa., assignor 
to Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., a corporation of 
Pennsylvania. 

Application July 1, 1937, serial No. 151,483 
(C1, 80-35) 24 Claims. 

My invention relates, generally, to strip rolling 
mills, and, more particularly, to mechanism for 
so controlling the tension in the strip material as 
it passes between the roll stands as to secure 
uniform thickness of product. 

In the operation of strip rolling mills it has 
been found desirable to maintain a tension on the 
Strip as it passes between the roll stands. This 
tensioning of the material helps in the reduction 
of the material, the amount of reduction of the 
material being a function of the tension applied 
to the material. For a given tension, therefore, 
all other factors remaining constant, a given uni 
form thickness of strip would be produced. 

However, due to variations of factors in the 
rolling process the thickness of the rolled strip 
may vary, resulting in a final product which is 
not of uniform thickness. 
The object of my invention is to provide a 

tensioning device for a strip rolling mill which 
shall function to produce a strip of uniform cross 
section or thickness. 
Another object of my invention is to provide a 

strip tensioning device for a strip rolling mill 
which shall function to vary the tension on the 
strip in accordance with the thickness of the 
strip. 
Another object of the invention is to provide a 

tensioning device for a strip rolling mill which 
shall function to vary the degree of reduction of 
the Strip in the mill in accordance with variations 
in thickness of the strip. 
Another object of the invention is to provide 

for controlling the operation of a strip tensioning 
device by means of a device responsive to the 
thickness of the strip whereby the tension on the 
strip is varied in accordance with the thickness 
thereof. 
Another object of my invention is to provide a 

tensioning device for a strip rolling mill which 
shall be simple and reliable in operation and 
which may be readily manufactured and in 
stalled. 
These and other objects and advantages of 

the invention will be apparent from the follow 
ing detailed description of the invention taken in 
connection with the accompanying drawings, in 
which: 

Figure 1 is a diagrammatic illustration of the - 
elements of the preferred embodiment of my in- ; 
vention and their cooperative relationships; 

Fig. 2 is a diagrammatic illustration of another 
embodiment of my invention; and 

Fig. 3 is a diagrammatic illustration of a third 
embodiment of my invention. 
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In practicing my invention I provide a strip 
tensioning device which normally functions to 
Subject the strip to a substantially constant ten 
Sion and control the operation of the tensioning 
device to vary the tension in accordance with any 
variation in the thickness of the strip from the 
desired thickness by means of a regulator device 
which is, in turn, controlled by a device respon 
sive to the strip thickness. By means of this ar 
rangement should the gauge or thickness of the 
strip vary for any reason, the tensioning device 
is immediately caused to subject the strip to an 
increased or decreased tension, as the case may 
be, to bring it back to the desired gauge. 

Referring to the drawings, there is shown in 
Fig. 1 a tensioning device 70 which is similar to 
the tensioning device described in the copending 
application of Charles P. Croco, Serial No. 8,781, 
filed February 28, 1935, now Patent No. 2,185,836. 
issued January 2, 1940. In this figure of the 
drawings, a strip fo is being passed through re 
ducing roll stands and f2 in the direction 
shown by the arrows. A roller 3 is caused to 
bear against the strip as it passes between the 
two roll stands. The roller 3 is mounted upon 
arm 4 of a bell crank which is pivoted at 5 and 
which has an arm 6 on which is slidably mount 
ed a weight 7. 
The turning moment of the bell crank may be 

varied by varying the distance of weight 7 from 
pivot point f5 and a motor 8 is provided for this 
purpose. The motor 8 operates a threaded 
shaft f9 which engages a correspondingly 
threaded opening in Weight member 7 to slide 
the weight 7 along the arm 6. 
The tensioning device 70 is so designed that it 

is self-compensating over a predetermined range 
of movement of the roller f3, that is, it auto 
matically functions to subject the strip to a 
Substantially constant tension throughout this 
predetermined range of movement by varying the 
transverse force exerted by the roller 3 in ac 
cordance with the degree of deflection of the strip 
from the normal pass line. 

In order to maintain the roller 3 within its 
predetermined operating range and to hold the 
roller in as near the same position as possible at 
all times, a regulating means is provided and con 
trolled in accordance with the position of the arm 
4. The regulating means functions to control 

the excitation of the motor 20 of the mill stand 
f2 to so control the speed of the motor as to pre 
vent deflection of the strip beyond a predeter 
mined amount. This regulating means is shown 
generally at 2 and includes a pair of contact ele 
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ments 50 and 5f which move in accordance with 
the movement of arm 4. These contact ele 
ments are spaced and are so positioned as to be 
alternately contacted by a movable contact ele 
ment 52, the interval of contact between the 
movable contact element 52 and contact elements 
50 and 5 being governed by the positioning of 
the arm 4 and thus the position of contact ele 
ments 50 and 5. 
The movable contact element 52 is mounted on 

arm 53 which is caused to vibrate by the alter 
nate energization and deenergization of relay 54 
to which it is connected. Relay 54 controls the 
energization of relay 55 through its contact ele- . 
ment 56 and relay 55 in turn controls the en 
ergization of relay 54 through its contact element 
57 which is connected across a resistance, 58 in 
the circuit of relay 54. Thus the relay 54 is in 
termittently energized to vibrate contact element 
52. 
The contact elements 50 and 5 govern the 

energization of relays 59 and 60 respectively. 
Relay 59, when energized, short circuits the re 
sistance 6f through its contact element 63 to 
increase the field excitation of motor 20 to thus 
tend to decrease its speed. Relay 60, when ener 
gized, removes its contact element 64 from short 
circuit relation with resistance 62 to decrease the 
field excitation of motor 20 to thus tend to in 
crease the motor speed. It will be seen that as 
the upward displacement of the arm 4 increases, 
contact element 52 will engage contact element 
5f longer than it engages contact element 50 
and this will result in increased motor speed since 
relay 60 will be energized longer than relay 59 
and the excitation of the motor field will be 
decreased to increase the speed of the motor. 
This increase in motor speed will increase the 
rate at which the strip is passed through the 
roll stand 12 thereby reducing the slack in the 
strip between the roll stands and returning the 
roller to its normal position. In a like manner, 
the motor is governed by the regulator to pre 
vent too great downward displacement of arm 4. 
This regulating means will operate to keep the 

deflection of the strip from normal within pre 
determined limits regardless of the tension ap 
plied to the strip by the tensioning device which 
causes roller 3 to bear upon the strip. 
In order to Secure uniform thickness of the 

strip, means is provided for varying the tension 
on the strip in accordance with variations in 
strip thickness. This means comprises generally 
a thickness responsive device 22 which controls 
a regulator 23 to govern the operation of a re 
versing switch or relay 25 which in turn controls 
the operation of the weight adjusting motor f3 
On the tensioning device. 
The thickness responsive device 22 may be any 

mechanism which is sensitive to strip thickness 
and is shown as a Wheatstone bridge arrange 
ment 26, one leg of which is connected in circuit 
with conducting rollers 27 and 28 which bear 
upon the strip as the strip passes between the 
two roll stands. Variations in thickness of the 
strip cause variations in the resistance in the 
leg of the Wheatstone bridge in which rollers 
27 and 28 are connected and these variations in 
resistance cause variations in the energization 
of coil 29 of the regulator. 

Coil 29 operates movable contact members 30 
and 3, so that the positioning of these contact 
members depends upon the thickness of the strip. 
The position of the contact members 30 and 3 
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causes the regulator 23 to vary the energization 76 

of coil 49 of the reversing switch 25. Regulator 
23 is not described in detail here since it is sub 
stantially a duplicate of the regulator 2 described 
hereinbefore, both of which are of well known 
construction. 

In the operation of the system of Fig. 1, while 
the strip O is being fed through the roll stands 
ff and 2 its tension is being maintained sub 
stantially constant by the roller 3 and regulator 
2 which operates in response to the displace 
ment of roller 3 to govern the speed of motor 
20 of roll stand 2. In this condition of normal 
operation, weight has been placed at that po 
sition on arm 6 which will subject the strip to 
the desired tension. 

If, now, for any reason there is an increase 
in the thickness of the strip, the resistance in 
the leg of the Wheatstone bridge 26 in which 
rollers 27 and 28 are connected will be increased 
which will cause the regulator to decrease the 
energization of coil 29. This decrease in the 
energization of the coil 29 will allow contact 
members 30 and 3 to be lowered and will cause 
the control regulator 23 to decrease the ener 
gization of coil 49 of the reversing switch 25. 
The reversing switch 25 closes its contact mem 
bers 25a and 25b to So energize field 24 of motor 
8 as to cause the motor 8 to move weight 7 fur 

ther from the pivot point 5. This increase in 
the moment of arm 6 will increase the pressure 
of roll 3 upon the strip 0. 
The increase in pressure on strip to resulting 

from the increased thickness of the strip will 
subject the strip to an increased tension to effect 
a greater reduction of the strip in the roll stand 

and will allow greater deflection of the strip. 
This greater deflection, however, will immediate 
ly be decreased by the operation of regulator 2 
as hereinbefore described. 

In the event that the strip' thickness decreases, 
the devices and circuits just described will func 
tion to cause motor 8 to operate in a direction 
as to move weight toward the pivot point f 5 
to decrease the moment of arm 6 and thus de 
crease the tension on the strip. This decreased 
tensioning of the strip will decrease the reduc 
tion of the strip in the roll stand . 

In Fig. 2 of the drawings, there is shown a 
System for maintaining a constant tension upon 
the strip which is similar to the one described 
in detail in my copending application Serial No. 
133,419, filed March 27, 1937, now Patent No. 
2,189.609, issued February 6, 1940, with a strip 
thickness responsive device similar to that just 
described in connection with the apparatus of 
Fig. 1 of the drawings employed thereWith. Like 
reference, haracters refer to like elements in the 
several figures of the drawings. 
In this modification roller 3 is caused to bear 

upon the strip by arm 4, which is pivoted at 
5 and is connected to arm f 6. A constant force 

is exerted upon arm 6 by a piston 24 which 
Operates in cylinder 47. Fluid pressure is main 
tained in cylinder 47 through a fluid conductor 
48 which is connected through a constant pres 
Sure regulating valve 33 to the fluid pressure 
reservoir, as shown. There is sufficient leakage 
-past the piston 24 in the cylinder 47 to provide 
continuous fluid flow through the cylinder so 
that the pressure exerted by piston 24 will de 
crease when flow of fluid to cylinder is decreased. 
The regulating valve 33 is so constructed as to 

automatically maintain a desired predetermined 
pressure in the cylinder 47 and will adjust this 
pressure when changes in deflection of strip to 
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cause movement of piston. 24. The operation of 
regulator 2 to control the speed of motor 20 to 
properly govern the speed of the rolls in roll 
stand 2 to limit the deflection of the strip to is 
the same as that described hereinbefore in con 
nection with the operation of the apparatus in 
Fig. 1. 
The pressure which valve 33 maintains in cyl 

inder 47 is governed by the pressure on the lower 
side of diaphragm 34 which balances against the 
fluid pressure in the chamber 35 which bears on 
the upper side of the diaphragm 34. It will be 
seen that with an increase in pressure on the 
lower side of this diaphragm the valve will open 
to permit sufficient pressure to build up in the 
chamber 35 and, therefore, in cylinder 47 to 
counterbalance this increased pressure on the 
lower side of the diaphragm 34. Thus it will be 
seen that a decrease in the energization of coil 
32 which operates on armature 36 to exert a 
downward force on diaphragm 34 will allow 
spring 37 to increase the upward force on dia 
phragm 34 and will permit the valve to increase 
the pressure in the cylinder 47 and thus so 
increase the moment of lever arm 6 as to in 
crease the tensioning of the strip 0. 
In this instance the strip thickness responsive 

device 22 and regulator 23 function to so vary 
the energization of coil 32 to operate valve 33, 
which in turn, will cause such increases or de 
creases in fluid pressure in the cylinder 47 as are 
necessary to increase or decrease the tensioning 
on the strip to increase or decrease the reduction 
of the strip in the roll stand to maintain the 
desired thickness of strip. w 
In Fig. 3 of the drawings there is shown a 

strip tensioning device similar to the one dis 
closed and fully described in my copening appli 
cation Serial No. 133,418, filed March 27, 1937, 
now Patent No. 2,221,592, issued November 12, 
1940 with a strip thickness responsive device sim 
ilar to that described hereinbefore in connection 
with the operation of the apparatus of Fig. 1 of 
the drawings employed therewith. In this modi 
fication the device described in connection with 
Fig. 3 of the drawings of my hereinbefore re 
ferred to Patent No. 2,221,592 is modified by ap 
plying to it the strip thickness responsive device. 

In this modification roller 3 is caused to bear 
upon and tension strip ?o by fluid pressure in 
the cylinder 38 which acts upon piston 39 to 
force the roller 3 against the strip. The fluid 
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pressure in cylinder 38 is controlled by a regulat 
ing valve 40, which in turn, is governed by sole 
noid 4, and in the normal operation of the mill, 
the energization of solenoid 4 is constant and 
the pressure in cylinder 38 is maintained con 
stant to in turn maintain a constant pressure 
upon the strip. Cylinder 38 and piston 39 op 
erates similar to cylinder 47 and piston 24. In 
the event that the deflection of the strip in 
creases greater pressure in cylinder 38 will be 
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necessary to maintain the predetermined de 
sired tension on the strip and this is Secured by 
a decrease in the energization of solenoid 4 
caused by increased resistance in the circuit of 
its coil. This increased resistance is effected by 
movement of arm 42 of rheostat 43 as a result 
of movement of the roller 3 which is connected 
through linkage. 44, 45 and 46 with arm 42. 
In the event that the deflection of the strip 

increases beyond a predetermined amount regul 
lator 2 will vary the speed of motor 20, as here 
inbefore described, to decrease the slack in the 
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3 
strip and return the roller 3 to its normal po 
sition. 
Thickness responsive device 22 will act in re 

Sponse to variations in thickness of the strip 
through regulator 23 to so vary the energiza 
tion of the regulator solenoid 4 as to vary the 
pressure in cylinder 38 and thus so adjust the 
tension on the strip as to cause the necessary 
variation in the reduction of the strip to main 
tain a constant strip thickneSS. The detailed op 
eration of this thickness responsive device and 
the regulator, which it controls has been de 
scribed hereinbefore, 
While, in practice, it is preferable to position 

the rollers 27 and 28 of the thickness responsive 
device so as to be responsive to the thickness of 
the strip after it has passed through the second 
of the adjacent roll stands as shown in the draw 
ings, it may be so positioned as to be responsive 
to the thickness of the strip after it has passed 
through the first of the adjacent roll stands, as 
shown by the broken line positioning of the roll 
ers 27' and 28' in the several figures of the draw 
ings, or these rollers may be positioned to bear. 
on the strip before it passes through the first 
roll stand. 

It is understood that the thickness responsive 
device described is merely illustrative and any 
thickness responsive device which has the proper 
sensitivity may be used. Likewise, the regulating 
devices described in connection with this appli 
cation and my hereinbefore referred to patents 
are illustrative and any suitable regulator may 
be used. 
Thus it will be seen that I have provided a 

mechanism which is simple in operation, inex 
pensive to manufacture and easy to install, 
which will function to so control the tension on 
a strip of material as it passes between adjoin 
ing reducing roll stands as to secure the proper 
reduction in strip to produce a strip of uniform 
thickness. 
In compliance with the requirements of the 

patent statutes, I have shown and described 
herein the preferred embodiments of my inven 
tion. It is 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 system for reducing the cross-sectional 

area of a length of material, adjacent work de 
vices through which the material is passed for 
reducing the cross-sectional area of the mate 
rial, censioning means bearing on the material 
for tensioning the material as it passes between 
the work devices, and means whereby said ten 
sioning means automatically varies the tension 
on the material in response to variations in the 
thickness of the material, 

2. In a system for reducing the cross-sectional 
area of a length of material, a series of work de 
vices through which the material is passed for 
reducing the cross-Sectional area of the mate 
rial, means engaging the material between pairs 
of adjacent work devices for tensioning the ma 
terial as it passes between said work devices, and 
means for causing the tensioning means to vary 
the tension oral the material automatically in re 
sponse to variations in the thickness of the ma 
terial, whereby variations in the amount of re 
duction of the material are made automatically 



4. 
in accordance with variations in the thickness of 
the material. 

3. In a strip rolling mill having adjacent re 
ducing roll stands, means for tensioning the 
strip as it passes between the stands comprising 
a pivoted arm, a member supported by the arm 
over which the strip travels in passing between 
the adjacent stands, said arm being so disposed 
as to tension the strip when a force tending to 
rotate said arm about its pivot is applied to the 
arm, means for applying a rotational force to the 
arm and means responsive to the strip thickness 
for varying said rotational force automatically 
in accordance with the variations in the thick 
ness of the strip. . . 

4. In a strip rolling mill having adjacent re 
ducing stands, means for tensioning the strip as 
it passes between the stands comprising a mem 
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between the stands, means for causing said men 
ber to exert a varying force against the strip in 
accordance with variations in strip thickness 
comprising a fluid pressure operated piston, and 
automatic means responsive to the strip thick 
ness for varying the fluid pressure on said piston. 
in accordance with variations in strip thickness. 

9. In a strip rolling mill having adjacent re 
ducing stands, roller means for tensioning the 
strip comprising roller means over which the 
strip travels in passing between the stands, a fluid 
pressure operated piston for actuating said roller 

15 

ber over which the strip travels in passing be 
tween adjacent stands, a pivoted arm support 
ing said member, said arm being so disposed as 
to tension the strip when a force tending to ro 
tate said arm about its pivot is applied to the 
arm, means for applying a rotational force to 
said arm comprising a lever arm having a variable 
turning moment, and means responsive to the 
strip thickness for automatically varying the 
turning moment of said lever arm in accordance 
with variations in the thickness of the strip. 

5. In a strip rolling mill having adjacentre 
ducing stands, means for tensioning the strip 
as it passes between the stands comprising a 
member. Over which the strip travels in passing 
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between the stands, a pivoted arm supporting 
said member, said arm being so disposed as to 
tension the strip when a force tending to rotate 
said arm about its pivot is applied to said arm, 
means for applying a rotational force to said arm 
comprising a pivoted lever arm carrying a weight, 
and means. for varying the distance of said 
weight from the pivot of said lever arm in re 
sponse to variations in the thickness of the strip. 

6. In a strip rolling mill having adjacent re 
ducing stands, means for tensioning the strip 
as it passes between the stands comprising a 
member over which the strip travels in passing 
between the stands, a pivoted arm Supporting 
said member, said arm being so disposed as to 
tension the strip when a force tending to rotate 
the arm about its pivot is applied to the arm, 
means for applying a rotational force to said 
arm comprising a pivoted lever, means for ap 
plying a force to said lever to give it a turning 
moment, and means responsive to the strip thick 
ness for automatically varying said force in ac 
cordance with variations in the thickness of the 
strip. 
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means against the strip to tension the strip, a 
regulator valve for controlling the fluid pressure 
acting on said piston, and means responsive to 
strip thickness for controlling the operation of 
said valve. 

10. In a strip rolling mill having adjacent re 
ducing stands, a tensioning device for the strip 
having a pivoted lever arm and a weight on 
said arm for providing tensioning moment for the 
tensioning device, electrical means for moving 
said weight along said arm to vary the turning 
moment of said arm, and means responsive to . 
the thickness of the strip for controlling said 
electrical weight moving means, whereby the 
tensioning of the strip is controlled by the thick 
ness of the strip. 

11. In a strip rolling mill having adjacent re 
ducing stands, means for tensioning the strip 
comprising roller means over which the strip 
travels in passing between the stands, a fluid 
pressure operated piston for actuating said roller 
means against the strip to tension the strip, a 
regulator valve for controlling the fluid pressure 
acting on said piston, means responsive to strip 
thickness for controlling the operation of Said 
valve, and means responsive to the degree of 
displacement of said roller by said piston for so 
regulating the relative speeds of the rolls in 
the adjacent reducing stands as to limit the 
displacement of said roller means. 

12. In a strip rolling mill having adjacent re 
ducing stands, means for tensioning the strip as 

45 it passes between the stands comprising a mem 
ber over which the strip travels in passing be 
tween adjacent stands, a pivoted arm support 
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7. In a strip rolling mill having adjacent roll 
ing stands, means for tensioning the strip as it 
passes between the stands comprising a member 
over which the strip travels in passing between 
the stands, a pivoted arm supporting said mem 
ber, said arm being so disposed as to cause ten 
sioning of the strip in accordance with the turn 
ing moment applied to the arm, means for vary 
ing the turning moment of the arrn in accord 
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ance with variations in the thickness of the strip 
comprising a fluid pressure operated piston, and 
means responsive to variations in strip thick 
ness for varying the fluid pressure applied to said 
piston. 

8. In a strip rolling mill having adjacent re 
ducing stands, means for tensioning the strip 
as it passes between the stands comprising a 
member over which the strip travels in passing 
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ing said member, said arm being so disposed as 
to tension the strip when a force tending to 
rotate said arm about its pivot is applied to 
the arm, means for applying a rotational force 
to said arm comprising a lever arm having a ... 
variable moment, means for varying the turning 
nonent of Said lever arm in accordance with 
Variations in the thickness of the strip, and 
means responsive to the amount of turning 
movement of said arm for so regulating the rela 
tive Speeds of the rolls in the adjacent rolling 
stands as to limit the amount of turning move 
ment of said arm. 

13. In a strip rolling mill, means for tension 
ing the strip as it passes between two adjacent 
roll stands, and means responsive to the thick 
neSS Of the strip after it has passed through the 
second of the roll stands for automatically vary 
ing the tension on the strip in accordance with 
variations in strip thickness. 

14. In a strip rolling mill, means for tension 
ing the strip as it passes between two adjacent 
roll stands, and means responsive to the thick 
ness of the strip after it has passed through the 
first of the roll stands for automatically varying 
the tension on the strip in accordance with 
variations in strip thickness. 

15. In a strip rolling mill having adjacent re 
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ducing stands, means for tensioning the strip 
Comprising roller means Over which the strip 
travels in passing between the stands, a fluid 
preSSure-operated piston for actuating said roller 
means against the strip to tension the strip, a 
regulator valve for controlling the fluid-pressure 
acting on said piston, automatic means for con 
trolling said regulator valve comprising means 
responsive to strip thickness ... and means re 

- Sponsive to the degree of displacement of the 
strip by said roller. 

16. A control system for rolling mill appa 
ratus and the like having a pair of rolls for re 
ducing the thickness of a length of moving ma 
terial comprising in combination, an electric 
motor for driving said rolls, and electric gauge 
means responsive to variations in the thickness 
of Said material for controlling the speed of said 
motor thereby to vary the tension of said ma 
terial SO as to decrease the variations in thick 
eSS. 

17. A contrpl system for material modifying 
apparatus and, the like having an element for 
performing an operation on a length of moving 
material and a succeeding element for perform 
ing an operation on the material after it is de 
livered from said first element comprising in 
combination, a first dynamo-electric machine 
mechanically coupled to said first element, a sec 
Ond dynamo-electric machine mechanically cou 
pled to said succeeding element, and means re 
sponsive to variations in the thickness of said 
material between said elements for controlling 
Said first dynamo-electric machine to vary the 
tension of said material to reduce the variations 
in thickness of said material. 

18. A control system for material modifying 
apparatus and the like having an element op 
erating on a length of moving material and a 
Succeeding element operating on the material 
after it is delivered from said first element com 
prising in combination, a first dynamo-electric 
machine mechanically coupled to said first ele 
ment, a second dynamo-electric machine me 
chanically coupled to said succeeding element, 
and electric gauge means responsive to varia 
tions in the thickness of the material for con 
trolling the excitation of said first dynamo-elec 
tric matchine to vary the tension of said material 
to reduce the variations in thickness of said 
material. 

19. A control system for material modifying 
apparatus and the like having an element oper 
ating on a length of moving material, a succeed 
ing element operating on the material after it is 
delivered from said first element comprising in 
combination, individual electric motors mechan 
ically coupled to drive said elements, and means 
responsive to variations in the thickness of the 
material between said elements for varying the 
Speed of the motor connected to said first element 
to vary the tension of said material to reduce 
the thickness variations of said material. 

20. A control system for rolling mill apparatus 
and the like having an element operating on a 
length of moving material and a succeeding ele 
ment operating on said material after it is deliv 
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5 
ered from said first element comprising in com 
bination, individual dynamo-electric machines 
mechanically coupled to said elements, and 
means responsive to variations in the thickness 
of Said material between said elements for con 
trolling the dynamo-electric machine connected. 
to said first element to vary the tension of the 
material supplied to said first element to decrease 
the thickness variations of said material. 

21. A control System for rolling mill apparatus 
and the like having a plurality of elements oper 
ating Successively on a length of moving material 
and individual electric motors connected to drive 
said elements comprising in combination, electric 
gauge means responsive to variations in the thick 
neSS of the material between one of said elements 
and a succeeding element operating on said ma 
terial after delivery from said first element, and 
means controlled by said gauge for controlling 
the motor connected to said one element to vary 
the tension of said material between said one 
element and a preceding element to decrease the 
Variations in thickness of said material. 

22. A control system for rolling mill apparatus 
and the like having an element operating on a 
length of moving material and a succeeding ele 
ment operating on said material after it is de 
livered from said first element comprising in 
combination, a dynano-electric machine me 
chanically coupled to the first of said elements, 
a device for measuring the tension of said ma 
terial and means responsive to operation of Said 
device for controlling said dynamo-electric ma 
chine to maintain said tension Substantially Con 
stant, and means responsive to variations in the 
thickness of the material for varying the setting 
of said regulator thereby to vary said tension to 
decrease the variations in thickness of Said ma 
terial. 

23. A control system for rolling mill appara-, 
tus and the like having an element operating On 
a length of moving material, a succeeding ele 
ment operating on said material after it leaves 
said first element and a dynamo-electric ma 
chine mechanically coupled to said first ele 
ment comprising in combination, a device having 
a member movable in response to variations in 
the tension of the material and means respon 
sive to movement of said member for controlling 
said dynamo-electric machine to decrease said 
tension variations thereby to maintain Said ten 
sion substantially constant at a value correspond 
ing to the setting of said device, and electric 
gauge means responsive to variations in the 
thickness of said material between said elements 
for varying the setting of said device to vary 
said tension so as to decrease the variations in 
thickness of said material. 

24. In a mill for rolling strip, a gauging de 
vice on the exit side of said mill, a movable roller 
On the entrance side of said mill bearing against 
the Strip, and means for varying the force with 
which said movable roller is moved against said 
Strip in response to variations in gauge deter 
mined by said gauging device. 
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