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10 Claims . ( CL . 8C35 ) 
My invention relatos , senerally , to tensiometer sion dhe strip as it passes In the direction show 

control systems , and more particularly , to systems by the axrow between adjacent roll stands 10 and 
for comizolims the tension of steel strip as it is 10 of a tandem rolling mill . In order to maintaina bains passed through a rolling mill . : the amount of deflection of the strip 12 from its In my patent application Serial No . 165 , 287 5 normal pass line within predetermined limits , a 
died September 23 , 1937 , I have disclosed z tez regulating device 18 is provided for controlling 
sion control system in waich tension is applied to the speed of the driving motor 20 of the leading 
a strip of material as it passes between adjacent roll stand 16 in response to the degree of de 
roll stands , by a tensioning roller applying a flection of the strip 12 . 
transverse deflecting force to the strip . The dea 10 The tensioning device 10 comprises an idling 
?ection of the strip is maintained within prede . . or tension roller 22 supported by an arm 24 of a 
termined limits by controlling the speed of one bell crank 25 having a pivotal support 26 . The 
of the roll stand motors , preferably the motor of bell crank 25 has a horizontally extending arm 28 
the leading stand , by means of & vibrating rega which is acted upon by a piston 30 operating in & 
ulator which is controlled , through a synchro - tie 15 cylinder 32 . A predetermined fuid pressure is 
systom , in accordance with the position of the maintained on the piston 30 in the cylinder 32 by tensioning roller . : : means of an automatic fluid pressure regulating 
One object of my invention is to provide for valve 34 which is connected between the pres 

simplifying the above - described tensiometer sure reservoir shown and the piston 32 . The op 
control system and improve its operation by 20 eration of the tensioning device 10 to maintain 
eliminating the vibratory regulator , synchro - tie a substantially predetermined constant tension on 
system , and other auxiliary relay devices and sub the strip 12 is explained in detail in the copending 
stituting apparatus therefor which is of more application of G . P . Lessmann , Serial No . 133 , 419 , simple construction . filed March 27 , 1937 , now Patent No . 2 , 189 , 609 , Another object of my Invention is to provide a 25 issued February 6 , 1940 . 
tension control system for a strip rolling mill I n this instance the regulator 18 may include 
which has & minimum of operating parts , which & variable ratio transformer 36 having a primary 
is simple in operation , and which is inexpensive winding 38 and a secondary winding 40 . The 
to manufacture , install and maintain . primary winding 38 is mounted for rotation rela These and other objects and advantages of my 30 tive to the secondary winding 40 , the anguiar dis 
invention will be apparent from the following de placement of the primary winding 38 with respect 
tailed description taken in connection with the to the secondary winding 40 determining the ratio accompanying drawings , in which : of transformation of the transformer 36 , and thus Figure 1 is & diagrammatic illustration of a determining the electromotive force induced its 
tension control system embodying the principal 35 the secondary winding 40 . The primary winding 
features of my invention ; and 38 may be rotated by a nechanism which includes Figs . 2 and 3 are diagrammatic views of modi rack 42 connected to the arm 28 of the bell 
fications of that part of the control system shown crank 25 so that the motion of the arm 28 will 
in Fig . 1 which provides the proper energization be transmitted to the rack 42 . The rack 42 en for the booster generator . . 40 gages & pinion 44 to rotate the primary winding 

In practicing my invention , I provide for con 38 through a shaft 46 which mechanically con 
trolling the excitation and speed of the leading nects the pinion 44 with the primary winding 38 . 
roll stand motor by means of a booster generator Thus the primary winding 38 of the transformer 
connected in the field circuit of the motor and 36 is rotated in accordance with the displacement 
varying the excitation and voltage of the booster 4 . 3 of the strip 12 by the idling roller 22 and the po 
generator in accordance with the direction and tential induced in the secondary winding 40 of 
amount of deflection of the strip from a prede the transformer 36 depends upon the degree of 
termined position . Alternative systems are pro displacement of the strip 12 by the idling roller 
vided for properiy varying the booster generator 22 . 
excitation , using different forms of variable ratio 50 The primary and secondary windings 38 and 40 
transformers . are so adjusted with respect to the operating 
Referring now to Fig . 1 of the drawings , I have mechanism of the tensioning device 10 as to have 

shown a tensioning device 10 for acting on a strip a relative displacement of approximately 45 elec 
of material 12 , such as steel strip , to deflect the trical degrees when the strip 12 is displaced by 
strip from its normal pass line , and to thus ten - 55 the tensiometer 10 the desired normal amount . 
. . 
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Thus , when the deflection of the strip 12 increases tion of the booster generator 60 as to oppose 
above the desired normal amount , the angular the change in the current flow in the armature 
displacement of the primary winding 38 with re of the motor 20 and to oppose the change in the 
spect to the secondary winding 40 will be in - voltage output of the booster generator 60 . Thus 
creased , and this will result in & decrease in the 5 there is provided an anticipating system which 
potential induced in the secondary winding 40 . will prevent the booster generator 60 from caus 
In a like manner , the potential Induced in the ing too sudden and too great changes in the 
secondary winding 41 will be increased when the speed of motor 20 in response to changes in 
displacement of the strip 19 decreases from the deflection of the strip 12 . 
desired normal amount . . 10 In the operation of the tension regulating 
The secondary winding 10 of the transformer system of Fig . 1 , the tensioning device 10 will 

36 is connected in series circuit relation with a function as hereinbefore described to maintain 
rectider 48 , the secondary windings 50 and 52 A predetermined tension on the strip 12 by de 
of transformers 54 and 56 respectively , and the flecting the strip from its normal pass line as 
field winding BI of a booster generator 60 . By 15 it passes between the roll stands 14 and 16 . If 
this connection it will be seen that the excitation for any reason the strip should be deflected by 
of the booster generator . $ 0 will vary with the the tensioning device 10 beyond a desired normal 
amount of deflection of the strip 13 from the pass amount , tõe movement of the tensioning device 
line of the mill . will rotate the primary winding with respect 

The booster generator * t may be continuously 20 to the secondary winding 40 of the transformer 
driven by a motor 62 , The armature of the 36 in the clockwise direction to decrease the po 
booster generator 60 16 connected in series cir - tential induced in the secondary winding 40 . 
cutt relation with the field winding 84 of the mill The decrease in the potential induced in the 
motor 20 , a rheostat and any source of ener - Secondary winding 40 will decrease the excitation 
gization for the Deld winding 64 represented by 25 of the booster generator 60 and this , in turn , will 
the conductors A and B . The booster generator decrease the excitation or the motor 20 . With 
60 is so connected in this series circuit as to nor the decrease in excitation of the motor 20 , the 
mally add its potential to the potential of the motor will tend to increase its speed and this 
source A - B so that the energization of the fleld increase in speed will act through the rolls of 
winding 64 of the motor 21 depends upon the 30 roll stand 16 to take up the strip 12 between the 
sum of the potentials of the source of energization roll stands 14 and 16 and thus decrease the 
A - B and the booster , generator 60 . The rheostat amount of deflection of the strip 12 from the 
66 is provided for adjusting the normal energiza - . pass line and return this strip to its desired 
tion of the field winding 14 of the mill motor 20 . deflected position . 

The transformer 84 herelnbefore referred to 35 - In order that the regulator 18 may not effect 
has a primary winding 31 which is connected in too great a decrease in the deflection of the strip 
series circuit relation with the Theostat 68 and and thus necessitate that the deflection be in 
in shunt circuit relation with the interpole wind creased again , the anticipating system , compris 
Ing Tt of the mill motor 20 . With this connec - . - ing transformers 54 and 66 which act upon the 
tion sudden increases or decreases in the arme - 40 field winding 68 of booster generator 60 In re 
ture current of the mill motor 20 will cause sponse to changes in the current flow in the 
changes in the energization of the primary wind - armature of motor 20 and potential output of 
Ing 01 , which will induce impulses in the second the booster generator 60 , is provided to counter 
# ry winding 50 which will be proportional to the act the change in the potential output of the 
magnitude and duration of the changes in the 45 booster generator 60 , as hereinbefore explained in 
current now in the armature of the motor 20 . detail , 

In a similar manner , the primary winding 53 In a Ilke manner , the regulator 18 will lunc 
of transformer 36 is coni . ucted in series circuit tion in response to & decrease in the deflection 
relation with a rheostat 72 and this series circuit of the st : lp 12 by the tensioning device ( to 
is in turn connected in parallel circuit relation 50 increase the deflection of the strip 12 by de 
with the armature of the booster generator 60 . . creasing the speed of the motor 2011 for any 
Thus , any change in the output potential of the reason the deflection of the strip 12 should de 
booster generator 60 will cause a change in the crease below the desired amount . In this event 
energization of the primary winding 63 , which the anticipating systein also functions as de 
la turn will induce an impulse in the secondary 65 scribed hereinbefore to prevent the regulator 16 
vinding 52 , the magnitude and duration of which from effecting too great a collection . 
will depend upon the magnitude and duration of In Fig . % of the drawings , there is shown a 
the change of the potential outout of the booster : modification or that part of the system shown 
generator 60 . The rheostats 68 and 72 are pro in Fig . 1 which has to do with changing the 
vided to regulate the current flow in the primary 00 potential applied to the fleld winding 58 of the 
windings 51 and 53 respectively , to secure the booster generator 60 in response to changes in 
desired functioning of the transformers 54 and 56 . the deflection of the strip 12 . Like reference 

The secondary windings 50 and 52 of the trans characters refer to the corresponding elements 
formers 54 and 56 , respectively . being connected In Figs . 1 and 2 and the elements of Fig . 2 may 
in Berles circuit relation with the field winding 05 be substituted for the corresponding elements of 
H of the booster generator $ 0 , will cause changes Fig . 1 to produce & completely operative system 
in the excitation of the booster generator 80 employing the modification of the invention 
when impulses are induced in them . A decrease shown in Fig . 2 . . 
in the potential output of booster generator 60 The variable ratio transformer of the embodi 
will cause a decrease in the excitation of the " ment of the invention shown in Fig . 2 may take 
motor me and will thus cause an increase in the the form of an auto - transformer 14 connected to 
current flow in the armature of motor 20 . The & suitable source of alternating current , desig 
tansformers 34 and 58 are so connected with nated by conductors I and y , and having & plu 
respect to the Interpole winding 10 and the rality of voltage taps connected to stationary 
booster generator 60 as to so change the excita . 18 contact elements T6 which may be traversed by a 
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movable contact element 18 which is actuated by simple and efficient in operation , and which is 
the rack 42 through the pinion 44 in accordance inexpensive to manufacture , install and main with the movements of the idling roller 22 . The tain . 
rack 42 is connected , as hereinbefore described in In compliance with the requirements of the 
connection with the embodiment of the inven - 5 patent statutes I have shown and described 
tion shown in Fig . i , to the arm 28 of the bell herein the preferred embodiments of my inven 
crank 25 so that variations in deflection of the tion . It is to be understood , however , that the 
strip 12 will move the contact element 78 over invention is not limited to the precise construc 
the stationary contact elements 76 to change the tions shown and described but is capable of mod 
ratio of transformation of the transformer 74 , 10 ification by one skilled in the art , the embodi 
and thereby control the excitation of the booster ments herein shown being merely illustrative of generator 60 . 

the principles of my invention . 
The embodiment of the invention Illustrated in I clai : n as my invention : 

MIG . 2 will function in the manner described in 1 . In a system for maintaining tension on a 
detail in connection with the embodiment on the 15 length of material as it passes between two work 
invention shown in Fig . 1 with the ratio of trans devices , tensioning means bearing on the mate 
formation being changed by the movable contact rial between the work devices and subjecting the 
ciement 10 traversing the stationary contact ele material to a transverse force to thus deflect and 
????? ?? 31° ????????e c??? tension the material , a variable speed inotor con 
Ok the booster generator 60 depending upon the 20 nected to drive one of the work devices , a gen 
direction Of Inovement of the movable contact erator , circuit means connecting said generator 
element 18 from the normal position shown in to control the excitation of said motor in 20 Pie . 2 . 

cordance with the output potential of the gener The emloodlinent of the invention shown in ator , continuously energized variable ratio 
Fig . 3 operates in substantially the same way as 25 transformer , micans controlled by the degree of 
the systems shown in Figs . 1 and 2 with the ex deflection of the material from a predetermined 
ception thac a transformer 02 of a diferent type position for varying the ratio of said trans 
is sulostituted for the moving col transiormes 3G former , means for rectifying the output of said 
of the onodiment of the invention of me : 1 or transiokiner , and electrical circuit means con 
for the auto - transformer 14 of the embodiment 30 necting the held winding of said generator to be 
od the invention shown in Fig . 2 . The variable directly energized by the rectified output current 
ratio transformer 32 has a fized core 80 and a oš seid transformer . 
movable section o? core 8C which may be moved 2 . In al system for controlling the tension on a int a vertical direction by an element 88 which 

length of material as it passes between two work is obnnected šo the arm 20 of the bell crank 28 3 . ) devices , tensloving means bearing on the mate . 
co tory the reluctance of the magnetic path of rial between the work devices and subjecting the 
the transformer 32 when the defection of the material to a transverse force to thus deflect and 
stry 12 from the normal position changes . This tension the material , a variable speed motor con Variation of the reluctance of the magnetic path 

nected to drive one of the work devices , 2 gena of the transformer 02 will change the potential 40 erator connected to control the excitation of said induced in the secondary Winding 02 and will YnOCOr , continuously energized variable ratio thus change the energization of the held wind . 
transformer , means controlled by the degree oi ing 68 or the booster generator 09 . " The opera . 
deflection of the material front a predetermined tion of this embodiment of the invention is sub . 
Position for varying the ratio of said trans . stantially the same as that described in detail in 45 former , u rectiller . a second and a third trans connection with the embodiment of the inven . . 
former , circuit means connecting said rectifer , ?? ? . , he °?12S1 * 13ep° ???2 36 the öeld winding oi said generator and one wind primary and secondary windings 90 900 92 , be 
ing of each oë said second and third transformers ins substituted for the transformer 36 and its 
in circuit with the secondary winding of said Orimary and second013 windizies 80 and he le 50 variable ratio transformer circuit means con . ????? . . 
necting the other winding of said second trans It is within the purview of my invention to 
former to be energized in accordance with the connect the booster generator 60 so that its po . 
Qrinature current of said 1120tor , and circuit tention will be opposite to the potential of the 
means connecting the other winding of said third source of energy represented by conductors A B , 

55 transiormer to be energized in accordance with so that the effective potential in the circuit of 
the seld winding 64 of the motor 20 will be the the output potential of said generator . 
diference between the potential of the source 3 . In a control system for regulating the speed 

A B and the output potential office booster OZ 2 motor in accordance with the movement of 
generator , with this arrangement it will be necos e inovable element , a continuously driven gener 
essery that the veriable ratio transiormers 30 , van 10 ator , circuit meens connecting said generator to 
30 and 02 in the embodiments of the inveation excita tiza motor in Eccordance with the output hown in the Figs . 1 , 2 and 3 respectively , os ar potential of said generator , a variable ratio trans zonged to increase the potential in their second . formez , means for varying the ratio of said trans ozy circuits when the defection of the strip in former 111 accordance with the degree of move 
creeges , and to decrease the potential when the 5 ment of the movable element , a , rectifer , and 
strip deñection decreases . Thus , the speed oi electrical circuit ineans connecting said rectifler 
the roll inotor 20 will increase with increasca de . and the Aeld winding of said generator directly in 
fection of the strip and decrease with decreases electrical circuit with the secondary winding of 
in the detection of the strip since increases and said variable ratio transformer , 
decreeses of the strip will cause decreases and 70 4 . In a control system for regulating the speed 
lacreases , respectively , in the excitation of the of a motor in accordance with the movement of Toll motor 20 . a movabie element , a continuously driven gener 

It will be seen that I have provided a tonsion - ator connected to affect the excitation of the 
ing control system for a strip rolling mill which motor in accordance with the output potential of 
has a minimum of operating parts , which is 70 said generator , & variable ratio transformer , 
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means for varying the ratio of said transformer tween adjacent roll stands of the mill subject 
in accordance with the degree of movement of ing the strip to & transverse force to this defect 
the movable element , a rectifier , a second and & and tension the strip , & Variable speed motor 
third transformer , circuit means connecting one connected in driving relation with the rolls of one 
winding of said second transformer to be ener - 5 of the adjacent rod stands , a continuously driven 
gized in accordance with the armature current of generator connected to excite said motor , a first 

: the motor , circuit means connecting one winding transformer having its primary and secondary 
of said third transformer to be energized in sc - windings relatively movable to vary the trans 
cordance with the output potential of said gener former ratio , means controlled in accordance 
ator , and circuit means connecting the other 10 with the deflection of the strip by said tension - . 
winding of said second and third transformers , ing means for producing relative movement of 
said rectifier and the field winding of said gener said transformer windings , & rectifier , a second 
ator in circuit with the secondary winding of said transformer having its primary winding con 
variable ratio transformer . nected to be energized in accordance with the 

5 . In & tandem strip rolling mill , tensioning 15 armature current of said motor , & third trans 
means bearing upon the strip as it passes between former having its primary winding connected to 
adjacent roll stands of the mill subjecting the be energized in accordance with the output po 
strip to a transverse force to thus deflect and tential of said generator , and circuit mans con 
tension the strip , & variable speed motor con necting the secondary windings of said first , sec 
nected in driving relation with the rolls of one 20 ond and third transtorners , said rectlier and 
of the adjacent roll stands , & continuously driven the field winding of said generator in series cir 
generator connected to affect the excitation of cuit relation . 
said motor in accordance with the output poten 9 . In a tandem strip rollips mil , tensioning 
tial of sald generator , a transformer having its means bearing on the strip as it passes between 
primary and secondary windings relatively mov - 95 adjacent roll stands of the will subjecting the 
able to vary the transformer ratio , means con strip to a transverse force to thus deflect and 
trolled in accordance with the deflection of the tension the strip , & variable speed motor con 
strip by said tensioning means for producing rela - . nected in driving relation with the rolls of one 
hive movement of said transformer windings , a of the adjacent roll stands , a continuously driven 
rectifier , and electrical circuit means directly con - 30 generator connected to excite said motor , a ürst 
necting the secondary of said transformer , said transformer having a core of variable reluctance , 
rectifier and the field winding of said generator in means controlled in accordance with the detec 
serles circuit relation . 

tion of the strip for varying the reluctance of said 
6 . In & tandem strip rolling mill , tensioning transformer core , a rectifier , a second transformer 

means bearing on the strip as it passes between 35 having its primary winding connected to be ener 
adjacent roll stands of the mill subjecting the gized in accordance with the armature current 
strip to & transverse force to thus defect and of said motor , & third transformer having its 
tension the strip , & variable speed motor con - primary winding connected to be energized in 
nected in driving relation with the rolls of one accordance with the output potential of said gen 
of the adjacent roll stands , & continuously driven 40 erator , and circuit means conneoting the sec 
generator connected to control the excitation of ondary windings of said first , second and third 
sald motor in accordance with the output poten transformers , said rectifier and the field winding 
tial of said generator , & transformer having & of said generator in series circuit relation . 
core of vartable reluctance , means controlled in 10 . In a device for maintaining tension on a 
accordance with the deflection of the strip for an length of material as it passes between two work 
varying the reluctance of said transformer core , & devices , tensioning means bearing on the length 
rectider , and electrical circuit means directly con - of material between the work devices and subject . 
necting the secondary of said transformer , said ing the material to & transverse force to thus 
rectifier and the Deld winding of said generator in deflect and tension the material , & yariable speed 
series circuit relation . 

o motor connected to drive one of the work devices , 
7 . In & device for maintaining tension on a & continuously driven generator connected to ex 

length of material as it passes between two work cite said motor , an auto - transformer having & 
devices , tensioning means bearing on the length series of taps intermediate the ends of its wind 
of material between the work devices and sub ings , a movable contact element for selectively 
jecting the material to a transverse force to thus ft engaging said taps , means for moving said con 
deflect and tension the material , a variable speed tact element in accordance with the deflection of 
motor connected to drive one of the work devices , the material , a rectifier , a second transformer 
a continuously driven generator connected to ex - having its primary winding connected to be en 
cite said motor , an auto - transformer having a ergized in accordance with the armature current 
series of taps intermediate the ends of its wind of said motor , a third transformer having its 
ings , & movable contact element for selectively primary winding connected to be energized in ac 
engaging said taps , means for moving said con cordance with the output potential of said gen 
tact element in accordance with the deflection of erator , and circuit means connecting sald recti 
the material , & rectifier , and circuit means con fler , the secondary windings of said second and 
necting sald rectifier , the field winding of said third transformers , the field winding of said gen 
generator , one end of said transformer windings erator , said movable contact element and an end 
and said movable contact element directly in of the winding of said auto - transformer in series 
series electrical circuit relation , circuit relation , 

8 . In & tandem strip rolling mill , tensioning WILLARD G . COOK . 
means bearing upon the strip as it passes be 


