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Abstract By using Nd... YAG continuous laser as the heat resource to scan and heat the surface of the casting roller
sleeve material 32Cr3MolV, the thermal fatigue performance is tested by contact cooling the back of the sample.
The laser absorptivity of the sample with different surface roughness and oxidation state is measured with the
lumped parametric method. The temperature cycle and compressive stress condition of the sample surface are
simulated by numerical calculation. The results show that, after 1000 thermal cycles, cracks appear in the ablation hole
and at positions with rough scratches on the sample surface. When the thermal cycle ranges from 1000 to 2000, the length
of the crack is linearly related to the number of thermal cycles. Because the proposed method ignores the effects of
mechanical stress and aluminum liquid on the roller sleeve. the growth rate of the crack length obtained from the test is only
half of the actual one.
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Table 1 Chemical compositions of 32Cr3MolV (mass fraction, %)
Element C Si Mn P S Cr Ni Mo A\ Cu
0.280~ 0.200- 0.200- 0- 0- 2.700- 0- 0.900- 0.150- 0-
Content
0.360 0.400 0.500 0.015 0.015 3.200 0.250 1.100 0.200 0.250
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Fig. 1 Schematic diagram of light beam transformation
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Fig. 2 Rectangular laser focus with uniform intensity distribution
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Fig. 3 Temperature response of thermocouple Fig. 4 Influence of surface oxidization and surface

roughness on laser absorptivity
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Fig. 6 Schematic diagram of laser scanning and heating
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Table 2 Calculation parameters of 32Cr3MolV
Thermal conductivity /  Specific heat capacity / Density / Modulus of Poisson Linear expansion
(Wem™'eK™) (JeKg '+ K™) (kgem™) elasticity /GPa ratio coefficient /(107% K™')
36.06 460 7830 210 0.3 14.4
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Fig. 7 Distribution of highest temperature along scanning path. (a ) Along x axis » y=0 mm , 2 =0 mm ;

(b) along y axis , x=5.5 mm ,2=0 mm ; (¢) along  axis , =5.5 mm , y=0 mm
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Fig. 8 Temperature cyclic curve (x=5.5 mm , y=0 mm , 2 =0 mmll
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Fig. 9 Stress along scanning path. (a ) Highest equivalent stress; compressive stresses along

(b ) axis and (c )y axis at scanning path midpoint
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Fig. 10 Thermal fatigue cracks on sample surface after 1000 thermal cycles (laser scanning from right to left).
(a ) Position with rough scratch ; (b) in ablation holes
3 1000
Table 3 Length of cracks after 1000 thermal cycles
Crack number 1 2 3 4 5 6 7 8 9 10
Crack length /pm 35 24.4 23.6 26.4 20 38.6 47 44.5 50.3 22.3
11 . 1000 , 1 35 pm,
11¢a) o s , 11(b) . (o) . 2000 . 112.3 pm,
11(d) . 2000 . , s . 10002000 .

) ( ) 7.74X10°% pm/cycle, 12 .
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Fig. 11 Thermal fatigue cracks on sample surface under different thermal cycles (laser scanning from right to left).

(a) 1000 cycles ; (b) 1200 cycles ; (¢) 1500 cycles ; (d) 2000 cycles
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Fig. 12 Linear fitting curve of crack length and Fig. 13 Cracks on surface of casting roller sleeve
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