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2. FEM Analysis of Normal Pressure  
Distribution in Skin-Pass Rolling

2.1 Experimental and Analytical Conditions
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were conducted. The work roll surface was prepared to 
be 3 μm Ra in the axial direction under the measure-
ment conditions of  cut-off  of  2.5 mm and measure-
ment length of 12.5 mm. The similar skin-pass rolling 
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be estimated by vertical indentation at the same load in 
this figure. That is to say, it is strongly implied that the 
peak pressure is the dominant parameter for roughness 
transfer in the case of a large roll.

Figure 6 12) shows the results of  the FEM analyses 
considering work roll surface roughness. This figure 
shows the relationship between the local average pres-
sure for one roughness profile in the contact length and 
the roughness transfer at that profile point in the skin-
pass rolling condition. The vertical compression condi-
tion and the indentation condition of  one roughness 
profile in Fig. 4 are also drawn with the dashed line. 
The roughness transfer values for those two conditions 
almost coincide and are drawn with one line.

In the case of  the skin-pass rolling condition, the 
origin corresponds to the entrance point of the contact 
length. As rolling progresses, roughness transfer 
increases along with pressure. The maximum value on 
the abscissa corresponds to the point of peak pressure, 
and afterward the pressure decreases moving left on the 
abscissa and becomes zero, meaning the delivery point 
of  the contact length. The roughness transfer at the 
peak pressure in the skin-pass rolling condition was in 
good agreement with the results of  vertical compres-
sion and simple indentation of  the roughness profile. 
This means that roughness transfer at the peak pressure 
can be considered to be vertical indentation of  the 
roughness profile in terms of the characteristic of  the 
skin-pass rolling condition, in which a large contact 
length and sticking region lead to high hydrostatic 
pressure around the center of  the contact length, as 
revealed in Chapter 2. As a matter of  fact, roughness 
transfer can be organized by peak pressure as shown in 
Fig. 5, and the peak pressure can be approximated and 
simplified as Hertzian contact as in Fig. 2.

Although the calculated roughness transfer tends to 
increase after the peak pressure in Fig. 6, the actual 
effect is negligible, as can be recognized from Fig. 5. 
The calculated increase of roughness transfer is due to 
the relative slide between the work roll and the work-
piece in the forward slip region near the delivery point 
of  the contact length, leading to so-called junction-
growth. The same tendency was studied in a plane 
strain upsetting test with small reduction17, 18).

As is also obvious from Fig. 5, roughness transfers 
cannot be quantitatively compared between large and 
small work roll conditions. The characteristic behavior 
of roughness transfer in skin-pass rolling is obtained as 
a result of  the long contact length of  the large work 
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material ratio curve. After the peaks of the roughness 
profile on the work roll surface are transferred to the 
workpiece surface under small elongation, lubricants 
are packed between the surfaces, reducing further 
roughness transfer. The small-diameter work rolls com-
monly used in laboratory rolling mills are not appropri-
ate to model the characteristic phenomena in skin-pass 
rolling in terms of contact length.

Investigation of the above-mentioned mechanism in 
skin-pass rolling has progressed as it has become possi-
ble to consider surface roughness in FEM analyses. 


