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STUDYING DRIVES OF THE TENSION LEVELLER 
ON THE CONTINUOUS PICKLING LINE OF THE COLD ROLLING MILL 

Gennadiy P. Kornilov, Olga A. Filatova, Anatoliy M. Filatov, Timur R. Khramshin, Rifkhat R. Khramshin 

Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia 

Abstract. Problem Statement (Relevance): The paper analyzes tension formation on the tension leveller (TL) of the 
continuous pickling line of the wide-strip cold rolling mill at PJSC MMK. Mathematical models were developed to 
identify a relation between the operating electric drives of TL and the parameters of strips and complex planetary gear-
boxes. Objectives: To ensure a steady operation of TL due to a correct setting of electric drive torque and speed param-
eters for various strip grades. Methods Applied: Collection and processing of experimental data on the distribution of 
strip tension in TL and adjacent tension stations by oscillographic testing of torques and speeds of electric drives; math-
ematical modelling of speed and power parameters on the drive shafts of TL. Novelty: It lies in the development of a 
mathematical description of the actual strip elongation depending on a bridle roll diameter; the mathematical model 
shows a relation between strip tension and the set strip thickness, between loads of the main drive and the lengthening 
drive. Findings: It was found that the actual strip elongation can vary in a wide range from 1.5% to 3.1%. Some aver-
age value of 2.3% can be achieved by changing roll diameters in a fairly narrow range. It was found that a change in 
diameter of 1 mm causes a change in the actual elongation of approximately 0.1%. By analyzing changes in back and 
front strip tension in the function of the main drive motor load and the lengthening drive, the authors worked out the 
formulas to calculate the strip tension on the TL section. It is established that the load of the lengthening drive directly 
determines the strip tension before entering TL. Practical Relevance: The resulting dependencies used to calculate 
speed and power parameters of electric drives make it possible to correct the set speed of electric drives of TL to main-
tain the specified elongation and avoid unacceptable loads of planetary gear elements for various strip grades. 

Keywords: continuous pickling line, tension leveller, strip tension, planetary gear, electric drive, mathematical model, 
lengthening drive 
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. 1.      : 
 –   ;   –   ;  –   2; D –   3; 

1 – ,       ; 2 – ,      ; 
3 - ,     ; 4 – ,       D 

Fig. 1. A layout diagram of gear wheels of gearboxes on TL 
 is a main drive motor;   is a lengthening drive motor;  is a motor of bridle roll unit 2; D is a motor of bridle roll 

unit 3; 1 is a roll related to motor C via the planetary gearbox; 2 is a roll located on the section when the strip enters TL; 
3 is a roll located on the section when the strip exits TL; 4 is a roll related to motor D via the planetary gearbox 
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Fig. 2. Gearing ratios (a) and rates of rotation (b) in the 
planetary gearbox of bridle roll unit 3 

    -
  20 / ,   

  100 / ,  -
      

. 5 1,25
20 100 4 80 84 /
5 1,25

n nn
 (1) 

 n  –    -
, / ; 

n  –     -
 , / . 

     -
,    . 
     -

 :        
 ,        -
;      ,  

       
   ,   

 .  ,   -
,   :  
     -

,     –   
,   –   

.      -
   10  ,    -

     10  4 = 
40 ,    – 10  5 = 50 , 

 4   5  –     -
 .  . 3  -

     3. 

. 3.    
    3 

Fig.3. Relations between torques in the gearbox 
of bridle roll unit 3 
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 1.    

     1–4 

Table 1. Gearing ratios of speed of motor A 
and speed of rolls 1-4 

   
1 22,259 
2 20,150 
3 18,683 
4 19,617 

 

 2.  ,  
  , C, D   

Table 2. Gearing ratios showing relations 
between speed of motors , C, D and  

i  
iA-B 9,1409 
iA-C 20,150 
iA-D 18,683 
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 3.        

Table 3. Gearing ratios of speeds of motors and rolls 

         
1 22,259 203,468 147,965 276,978 

2 20,150 184,191 133,947 250,736 

3 18,683 170,777 124,192 232,476 

4 19,617 179,316 130,402 244,100 
 

 4.     (   ) 

Table 4. Formulas used to set motor speed (with regard to diameters) 

3
394695

D
V,nA  

2
3

41406
94695

3
2

100
1629758

D
V

,
,

D
D%E,nB  

765864
1

629758
12

2
3

41406
94695

3
2

100
1629758098847

08537
1

41406
12

3
394695098847

,,
D/D

D
V

,
,

D
D%E,,

,,
D/D

D
V,,nC

 

4
3

3
4999573699477

D
V)

D
D,,(nD  

 
 5.      

Table 5. Impact of roll diameters on elongation 

  % 1.2 1.2 1.2 

   ( ) /  300 200 100 

 3-   ( )  1250 1250 1250 

 3-   ( )  1245 1245 1245 

 2-   ( )  1227 1227 1227 

    /  1427.3 951.5 475.8 

    /  854.8 569.9 284.9 

   2-   ( .) /  290.93 193.95 96.98 

   3-   ( .) /  298.80 199.20 99.60 

  % 2.64 2.64 2.64 
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. 4.             
Fig. 4. A block diagram to calculate elongation by speeds of motors of the main drive and the lengthening drive 

 
 6.    (%)    2-   3-   

Table 6. Actual strip elongation (in %) as a function of diameters of rolls 2 and 3 

 
3-  , 

 

 2-  ,  

1225 1226 1227 1228 1229 1230 1231 1232 1233 1234 1235 

1240 2.4 2.3 2.2 2.2 2.1 2.0 1.9 1.8 1.8 1.7 1.6 

1241 2.5 2.4 2.3 2.2 2.2 2.1 2.0 1.9 1.8 1.8 1.7 

1242 2.6 2.5 2.4 2.3 2.2 2.2 2.1 2.0 1.9 1.8 1.8 

1243 2.6 2.6 2.5 2.4 2.3 2.2 2.2 2.1 2.0 1.9 1.8 

1244 2.7 2.6 2.6 2.5 2.4 2.3 2.2 2.2 2.1 2.0 1.9 

1245 2.8 2.7 2.6 2.6 2.5 2.4 2.3 2.2 2.2 2.1 2.0 

1246 2.9 2.8 2.7 2.6 2.6 2.5 2.4 2.3 2.2 2.2 2.1 

1247 3.0 2.9 2.8 2.7 2.6 2.6 2.5 2.4 2.3 2.2 2.2 

1248 3.0 2.9 2.9 2.8 2.7 2.6 2.6 2.5 2.4 2.3 2.2 

1249 3.1 3.0 2.9 2.9 2.8 2.7 2.6 2.6 2.5 2.4 2.3 
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