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The purpose of this study is to build a model for the transudation of rolling oil in cold rolling of stainless steel by referring
to a micropool lubrication mechanism. The rolling oil transudation function or F value calculated by the model is
proposed as a rolling pass characteristic parameter to describe the relationship between the kinematic behavior of the
rolling oil mechanically trapped in micropits on the strip surface before cold rolling and the surface smoothness of the
cold-rolled strip.

1) It is shown that the kinematic behavior of the rolling oil in the roll bite in rolling passes can be represented by the
parameter of F value.

2) Increasing the F value toward 1 in early passes promotes the transudation of the rolling oil from micropits on the
strip surface, and reduces the micropits of the mother strip.

3) In later passes the F value necessarily becomes smaller due to using smooth-surfaced rolls for getting the surface
gloss, but even in this case increasing the F value makes the transudation of the rolling oil from micropits, and eliminates
the oilpit-like micropits.

4) Tt is made clear that the very smooth surface is obtained by using rough-surfaced rolls in early passes and smooth
-surfaced rolls in two or more later passes as an effective pass schedule based on the F value.

stainless steel ; cold rolling ; surface roughness ; lubrication mechanism ; rolling oil ; micropool ; micropit ; oilpit ; grain-
boundary ethced groove.
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Fig. 3. Application of CJM model to cold rolling of
stainless steel.
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Fig. 4. Micrograph of surface of mother sheet.

Table 1. Cold rolling conditions.

Pass number 0 1 2 3 4 5
Thickness (mm) [1.50/1.15]0.95]0.79]0.68 0.59
Reduction (%) — 123} 17} 17 | 14 13
Rolling speed (m/min)|—| 150| 240| 290|340 | 150 | 200 | 250
A |—10.05|0.05]0.05|0.05| — |0.05] —
Roll surface B —}0.05] —
roughness B8'|—[0.20|0.20]0.20/0.05|0.05) — | —
Ra (um) 8" — | —10.05
C | —10.20{0.20]|0.20}0.20}] —]0.05| —
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Table 2. Rolling oil properties.

Kinematic viscosity 40°C 10
v (cSY) 100°C 2
Pressure coefficient of viscosity
v (1/GPa) 5
Density p (g/cm3) 0.87
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Fig. 5. Surface roughness Ra of sheets rolled in pass
schedules under conditions A, B, and C.
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Fig. 6. Average of initial sheet surface roughness
Ra™® and roll surface roughness Ra™!" | and

inlet oil film thickness h; in pass schedules
under conditions A, B, and C.
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Fig. 7. Rolling oil transudation function in pass
schedules under conditions A, B, and C.

Table 3. Computational conditions to determine
rolling oil transudation function.

Pass number 1 21314165

1;:?:',’,;‘:“(‘.‘3 of 111122127 | 116 | 98

Kinematic viscosity
v (cSt)

Viscosity n,
(mPa.sec)

Roll bite length L
(mm)

1.7|1.4}1.3| 1.5}2.2
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