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Effects of Roll Surface Deteriorations on Scale Defect in Hot Rolling

Kunio GOTOH, Hikaru OKADA, Tuyoshi SASAKT and Taro KOIDE

Synopsis : Roll surface deteriorations and scale deformation behavior in hot rolling are investigated in order to clarify a mechanism of rolling load in-

crease and scale defect formation on using high speed steel roll. Several experiments are conducted; a rolling/sliding friction test at elevated

temperature and model rolling tests for the sheet coil and plate by using high Cr cast iron and high speed steel as roll material. The results

obtained are as follows; (1) Worn surface of high Cr cast iron is flat and smooth in hot rolling. On the other hand, fine asperities are formed

on worn surface of high speed steel. It is found that this peculiar topography of high speed steel consists of MC carbides which are left by

prior wear of matrix in roll microstructure and black oxide film which prevent MC carbides from removing from worn surface, which leads

higher friction coefficient and higher rolling load. (2) Fine asperities cause scale heterogeneous deformation of the steel products in roll bite,

resulting in scale defect. (3) Heterogeneous scale deformation is easily occurs under conditions with the large oxide film on the steel before

rolling and the large reduction in thickness and the high rolling temperature.
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Table 1. Experimental conditions of the friction test at ele-
vated temperature.

Temperature of

mated specimen 900
Maximum Hertzian

oimy 300MPa
Slipping ratio 20%
Rolling speed of 1.05m/s

roll specimen

High Cr cast iron/High speed steel
¢ 100mm X 10mm *
SUS304, ¢ 120mm X 10mm '

Roll specimen

Mated specimen

Table 2. Chemical compositions (wt%) of roll materials.

C o Mo v w [(Hardess
High speed steel 20 40 29 41 40 60
High Cr castiron | 2.7 17.1 09 - - 55

High frequency induced heating
1.05m/s

Water cooling

Roll specimen
( ¢ 100mm X 30mm)

Mated specimen
( ¢ 120mm X 10mm)

Fig. 1. Schematic diagram of the friction test at elevated
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Table 3. Experimental conditions of the modle hot rolling
test for the sheet coil.

Reduction ratio 10~30 %
Rolling temperature 950 C
Rolling speed 150 m/min.

Strip SPCC. 1'mm X 40"mm X 700'm
Work/Back up roll

diameter & barrel length

@ 100mm/ ¢ 200mm X 300mm

Atomosphere of furance N: gas

Coiler

2Hi rolling mill

temperature.
Furnace 4Hi rolling mill
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Fig. 2. Schematic diagram of the modle rolling test for the sheet coil.
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Fig. 3. Schematic diagram of the modle rolling test for the
sheet plate.

Table 4. Experimental conditions of the modle hot rolling
test for the sheet plate.

Reduction ratio

at No.1 stand 38 %
Reduction ratio _

at No.2 stand 530 %
Rolling temperature 820-1060°C

at No.2 stand

Material of plate low carbon steel

Scale thickness of
plate before rolling
at No.2 stand

Roll surface finishing

2-20 4 m

As polished / As etched

1.0~ Running-in

-
5 0.8—'\ High speed steel l
g 0%
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= High Cr cast iron
S 041
2
= 0.2H
9’ " 1 !
0 1000 2000

Number of cycles

Fig. 4. Variation of friction coefficient . Friction coefficient
of high speed steel is larger 20% than that of high
Cr cast iron in steady state (number of cycles>
1500 cycle).
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Fig. 5. Optical micrographs and profiles of worn roll sur-
face after friction test.
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Fig. 6. Change of surface roughness Ra and peak count P¢
with number of cycles. Friction coefficient is close-
ly dependent upon Pc.
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Fig. 7. Photographs of surface deteriolations in high Cr
cast iron and high speed steel rolls, simulated by
using the model hot rolling mill for the sheet coil.
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Fig. 8. Optical micrograph of worn surface of high Cr cast
iron. A lot of firecracks exist, which is perpendicu-
lar to rolling direction.
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Fig. 9. Topographic images of worn surface (a) High Cr cast iron (b) High speed steel at the area of 1 X 1 mm®.
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Fig. 11. Effects of (a) oxide layer thickness before rolling, (b) reduction ratio and (c) rolling temperature on oxide layer deforma-

tion at No.2 stand.
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Fig. 12. Effects of roll surface deteriolations on hot rolling
load.
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Fig. 13. Schematic illustration of microscopic roll surface
deteriolations.
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(a)High Cr cast iron

Fig. 14. Microstructures of (a) high Cr cast iron and (b)
high speed steel.
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Fig. 15. Rolling load increase and scale defect formation
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