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Numerical Analysis of Stress Intensity Factors of Crack in Subsurface Layer of Work Roll for Rolling

Hiroyasu Y amamoro, Shigeru Ucnma and Mitsuo HasumoTto

Synopsis :

A simplified model for stress intensity factors of mixed modes was derived in consideration of non-dimensional stress

intensity factors obtained by Murakami et al. A numerical analysis model for stress intensity factors of mixed modes
in the subsurface layer of work roll of rolling was also obtained by applying this simplified model to the deformation
analysis model for the thermal elastic-plastic stress and strain in the subsurface layer of work roll with stress and
thermal loads. Then, the stress intensity factors in the subsurface layer of work roll in hot rolling were calculated with
this numerical analysis model. It has been found that the stress intensity factors of tensile and shear modes on the side
of intermediate roll is larger than those on the side of rolling material and that the crack propagation is estimated to

occur on the side of intermediate roll, etc.
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Fig. 1. Crack model in subsurface layer of work
roll(Z_, z : axis of work roll. 8, 8 and « show
negative values in the figure).
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Fig. 2. x, v and X, Y coordinate systems(8 is a
negative value in the figure).
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Fig. 3. Rolling model of 6 Hi mill(A side: between
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Table 1. Calculation conditions for comparison of
present and Murakami’s models.

1. Roll diameter
WR: #6000 mm, !MR: #800 mm
2. Rolling load per unit width
p=9.8 kKN/mm (1 tf/mm)
3. Friction coefficient between WR and IMR
ug=0, 0.2
4, Young's modulus of roll
E =206 GPa (21000 kgf/mm2)
5. Compression yield stress and hardening
modulus of roli
oy=1765 MPa (180 kgf/mm2)
H=E /10
Initial residual stress : 0
Crack size (half ellipse)
Width : 2a=2 mm, Depth : b=1 mm
8. Crack angle : 8=0°
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Fig. 4. Comparison of present and Murakami’s
models with regard to stress intensity fac
tors of tensile and shear modes (=0, 8=
£5=218 mm).
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Table 2. Calculation conditions for stress intensity
factors in subsurface layer of work roll.

1. Friction coefficients

Between WR and strip wu, : 0.2

Between WR and INR° g : 0, 0.2
2. Compression yield stress and hardening

modulus of WR

o, =1765[-8, 56X 10 "7(T-25)2

-1.6X%1074(T-25)+11 MNPa

H=E/2
3. Material properties of WR

Thermal conductivity : 50.2 W/ (m-K)

Specific heat : 0.48 J/(kg-K)

Density : 7.85%103 kg/m3
Coefficient of linear expansion :
1.1x10°5 1/°C
4. Thickness of strip
Entry : 3.7mm, Exit : 2.6mm
5. Reduction in thickness : 29.7%
6. Temperature of entry strip : 940°C
7. Initial temperature of subsurface
layer of WR : 25°C
8. Temperature of cooling water : 25°C
9. Properties of black scale
Thermal conductivity : 12.6 W/(m-K)
Specific heat : 0,48 J/(kg-K)
Density : 5.20%103 kg/m3
10. Thickness of black scale : 10um
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Fig. 6. Relation between compression stress and
strain for rolling material.
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