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Thermal fatigue crack growth of
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Abstract: The casting silumin ZAlSi,Cu, that was treated with different technologies for heating processing was used to
make a thermal cycle experiment at 20300 C, 20350 C and 20400 °C, respectively, on a self-restrict thermal
fatigue experimental machine. The effect of thermal fatigue property caused by different technologies for heating
processing and the effect of crack growth caused by different temperature breadths were studied. Optical microscopy
(OM) and scanning electron microscopy (SEM) were used to examine the damage mechanisms of thermal fatigue. The
results show that the sample with T6 treatment has better property than other two kinds of samples. The expansion path of
crack can be influenced by the location of grains. With the increase of the maximum temperature, the lifespan of three
kinds of alloys will decrease when the minimum temperature is fixed. In the interval of 300-350 °C, the temperature
sensitivity of the alloy is higher than that in the interval of 350—400 ‘C when the minimum temperature keeps at 20 ‘C.
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Table 1 Chemical composition of alloy (mass fraction, %)

Si Cu Mn Mg Ti
6.5~7.5 3.5~45 0.30~0.45 0.35~045 0.1~0.3
Cr Fe Ni Zn
0.025~0.035 <0.35 0.02~0.03  0.4~0.6
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Fig. 1 Schematic diagram of thermal fatigue sample(mm)
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Fig. 2 Schematic diagram of thermal cycle
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Table 2 Thermal cycles number corresponding to crack

length of 0.1 mm

Cycling temperature ~ Alloy a Alloy b Alloy c
20300 'C 22 500 18 500 18 000
20350 °C 8400 7 200 7 000
20400 'C 2 600 1 800 1700
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Fig. 3 Crack growth curves of alloys tested at different cycle
temperatures: (a) 20300 C; (b) 20350 C; (¢) 20400 'C
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Fig. 4 Situation of crack initiation of alloys under conditions
of 20350 C and cycle number of 6 000: (a) Alloy a; (b)
Alloy b; (c) Alloy ¢
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Fig. 5 Situation of crack expansion of alloys under conditions
of 20350 ‘C and cycle number of 9 000: (a) Alloy a;
(b) Alloy b; (c) Alloy ¢
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Fig. 6 Crack morphologies caused by defects: (a) Crack
caused by pin-hole shrinkage; (b) Crack caused by oxidation
cave; (c) EDS analysis from thermal-shock crack propagated

through oxidation cave in Fig. 6(b)
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Fig. 7 Crack initiation on interface between phases and matrix
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Fig. 8 Influence of phase and particles on crack propagation
path: (a) Si phase; (b) Al,Cu phase; (c) Crack stop
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Fig. 9 Influence of temperature on crack growth with crack

length of 0.43 mm
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