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Numerical Analysis of Stress and Displacement in Subsurface Layer of Work Roll for Hot Rolling
by Interconnecting Stress and Thermal Loads

Hiroyasu Yamamoro, Shigervu Ucnuwa, Tsuyoshi Inouk, Shoichi Arava and Kowue Nakanma

Synopsis : In order to calculate the stress and strain states in the subsurface layer of work roll for hot rolling, the numerical analysis
model for stresses and strains was derived under the thermal elastic-plastic and isotropic hardening conditions. A new
numerical analysis model for temperature was also proposed to estimate the steady state of heating and cooling. Then,
the stress, residual stress and residual displacement in the subsurface layer of work roll, where the pressure and thermal
loads were applied, were calculated by coupled analysis of these two models. It has been found that the compressive
stresses oy (absolute values of oyx) at the IMR side are larger than those at the WR side, and that the residual stresses
(oxx)r and the residual displacements (Uy), at the WR surface increse with increase of the friction coefficients ug

between WR and IMR.
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Fig. 1. Numerical analysis model of subsurface
layer of WR which receives rolling load.
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Table 1. Calculation conditions for residual stress
and displacement.

1. Load distribution

= ’ x2
Q(X)—Qo 1—7

q, =849NPa (86. 6kgf/mm2)
2 Young's modulus of roll
E =206GPa (21000kgf/mm2)
3. Compression yield stress and hardening
modulus of roll
oy =294HPa (30kgf/mm2)
H=E/10
4. Friction coefficient ug =0
5 Initial residual stresses (o ;;)r=0
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Fig. 2. Comparison of present model with Mura-
kami’s FEM model® in regard to residual
stress (ox): and residual displacement (Uy),
(1o =849MPa, £=1.61mm).
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Table 2. Calculation conditions for temperature in
WR subsurface layer.

1. Roll diameter, WR: @ 600mm, [MR: @ 800mm
2. Thickness of material,
Entry : 3, 7mm, Exit : 2, 6mm
3. Reduction in thickness : 29. 7%
4. Rolling load: 9. 8kN/mm (1,0tf/mm)
5. Rolling speed : 500m/min
6. Temperature of entry material : 940°C
7. Temperature of cooling water : 25°C
8. Material properties of WR

Thermal conductivity : 50. 2W/(m-K)
Specific heat : 0. 48J/(kg-K)
Density:7. 85X 103kg/m3

9. Material properties of black scale
Thermal conductivity : 12.6W/(m-K)
Specific heat : 0, 48J/(kg*X)
Density : 5. 20X 103%kg/m3

10. Thickness of black scale : 10um

11, T,=25°C, b=20mm, Tg=90°C, To=120°C
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Fig. 4. Temperature distribution in WR subsurface
layer at heating.
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Table 3. Additional calculation conditions for
stress and residual displacement in WR
subsurface layer.

1. Friction coefficient
1) Between WR and strip x4:0.2
2) Between WR and IMR u«p:0, 0.05 0.1, 0.2
2. Young's modulus of WR
E =206GPa (21000 kgf/mm2)
3. Compression yield stress and hardening
modulus of WR
oy =882[-6, 4x 1077 (T-25)?
-1,5X1074(T-25)+1] MPa
H=E/10
4. Initial residual stresses (o j)r: 0
8. Coefficient of linear expansion for WR
ar=1,1x10"¢ 1/C
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Fig. 5. Stress distribution oxx in WR subsurface
layer (ua=0.2, uz=0).
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residual displacement (Uy), (us=0.2).
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