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Abstract 
In this study, an approach designed to compute high temperature friction coefficients for SCM 435 steel through a pilot 

hot rolling test and a finite element analysis, is proposed.  Single pass pilot hot flat rolling tests with reduction ratios 
varying from 20 to 40% were carried out at temperatures ranging from 900 to 1200°C.  In the proposed approach, the 
friction coefficient is calculated by comparing the measured strip spread and the roll force with the simulation results.  
This study showed that the temperature and reduction ratio had a significant influence on the friction coefficient.  As 
both material temperature and reduction ratio become higher, the friction coefficient increases monotonically.  This 
finding is not in agreement with the Ekelund model, which is widely used in the analysis of the hot rolling process.  In 
the present work, the friction coefficient at a reduction ratio of 40% was found to be 1.2 times greater than that at a 
reduction of 30%.  This higher friction coefficient means that an increment of the roll thrust force is expected at the next 
stand.  Therefore, a roll pass designer must understand this phenomenon in order to adjust the reduction ratio at the 
stands while keeping the driving power, the roll housing structure and the work roll strength within the allowable range. 
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Table 1 Chemical composition of SCM435 
Steel C Si Mn P S 

SCM435 0.34 0.19 0.74 0.011 0.006 

 
Table 2 Measured spread and roll force at different 

temperatures and reduction ratio 

Material 
Temp (

Reduction 
ratio 
(%) 

Spread 
(mm) 

Roll force 
(kN) 

20 77.85 1019.2 

30 84.59 1156.4 900 

40 93.58 1705.2 

20 78.39 764.4 

30 84.90 940.8 1000 

40 90.04 1332.8 

20 78.53 607.6 

30 85.29 803.6 1100 

40 95.44 1156.4 

20 79.02 431.2 

30 85.47 725.2 1200 

40 95.36 548.8 
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Fig. 1 Three-Dimensional FE model 
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Fig. 2 Stress-Strain Curve of SCM435 

9.834mm .    C3D8T(8-node tri-
linear displacement and tempera-ture) . ,  

     1/4 
(Symmetric)  . Fig. 1  FE  

     
.  

  900 ~1200   
     

 700 ~850  .  
     
     �
  .  900 ~1200  

  �     
GREEBLE�   

.    15mm, 10mm . 
900   -  Im  
SCM435 -   [7]. Fig 2  
SCM435  -  .  

,       
   .   
 10W/m2  .   

    7.0kW/m·  [8]. 
   20    
 .     

95%  1.27m/s  .  
       

 . 

 
     

  .   
    . 

      
 .  

     
. Fig. 3 (a)     

     .  
 

 
Fig. 3 (a) work rolls and incoming material shape (b) 

outgoing material shape  
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(c) 40% Reduction 
Fig. 4 Roll force as a function of material temperature 

for three reduction ratios 
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Fig. 5 Friction coefficient in terms of material 
temperature taken from Ekelund model[5]  
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Fig. 6 Computed friction coefficient as functions of 

(a) temperatures and (b) reduction ratios  
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Fig. 7 Variations in the friction coefficient in terms of 
material temperature[10] 
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Fig. 8 Variations in the friction coefficient with 
reduction ratio changed[6] 

 

 
Fig. 9 Thrust force, friction force and normal force in 

hot rolling 
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