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Abstract: With the self restricting test method, the thermal fatigue behavior of 4Cr5MoSiV1 steel
and 8407 steel was investigated under the same heat treatment condition. T he crack morphology and
fracture surface was also analyzed. The thermal fatigue process of these steels was quantitatively in—
vestigated with a thermal fatigue damage parameter. The results indicate that thermal fatigue
cracks of both steels initiate at the time between 100 to 200 cycles. The initiating cracks of 8407
steel are smaller and more equable than that in 4CrSMoSiV1 steel. Before 1600 thermal cycles.
there are not obvious difference on the thermal fatigue behavior of both steels, after 1600 thermal
cycles, the degree of the thermal fatigue damage of 8407 steel is lower than that of 4CrSMoSiV 1
steel. When the tempering temperature is below 640°C, the thermal fatigue behavior of 8407 steel is
slightly better than that of 4Cr5SM oSiV 1 steel, but when the tempering temperature exceeds 640°C,
the behavior of the former seems superior. The mechanism analysis of thermal fatigue reveals that
the main factor affecting thermal fatigue resistance is the thermal stability and strength or hardness
of steels.
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1 Table 1 Chemical composition of test steels
C Si Mn P S Ni Cr Cu Mo w Ti Vv
4Cr5MoSivl 0.42 | 0.98 [ 0.30 |0.018 [{0.005 | 0.07 | 4.93 [ 0.06 | 1.40 | 0.02 [ 0.01 | 0.87
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Fig. 1  (a) Impact toughness of U-notched im pact specimens and hardness HB of annealed 4Cr5M oSiV 1,
8407 steels; (b) Tensile properties of annealed 4Cr5MoSiV1 and 8407 steels, where A, B, C and
D express the position of the tested specimens in steel blocks, A and B for short transverse, C and D for longitudinal
2
Table 2 Sign of samples after treated by ,
different tempering processes
550 580 610 640 700 3
T able 3 Original hardness of thermal fatigue samples
4Cr5MoSiV1 01 02 03 04 05
84078 11 12 13 14 15 550 610 700
4Cr5M oSivV1 55.1 47.1 28.2
’ 84078 55.2 46.9 28.2
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Fig.2 Relation between thermal fatigue
damage parameter and cycles
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Fig.3 Surface crack morphology of sample
03, 13 after 600 cycle test
(a) sample 03; (b) sample 13
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Fig.4 Fatigue crack morphology of sample 03, 13 after , ,
3000 cycle test (a) sample 03; (b) sample 13 , ,
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Fig- 6 Hardness of samples at the surface
2.2
, 84078 , ,
2
4CrSMoSiV1 , , , ,
ACrSM 0SiV 1 84073 : ,
5
( 4 )

) , . 3000 .



4Cr5MoSiv 1, 8407

4Cr5M oSiV1 8407S
) 4Cr5MoSiV 1
8407S ,  8407S
) , 84078
, , 8407S
4Cr5MoSiV1
, 4Cr5M oSiV1
8407S , 4Cr5MoSiV1
8407S
4 ( mm)

Table 4 Effect of tempering tem perature

on crack depth (mm)

550 610 700
4Cr5MoSiV 1 0. 935 0. 629 1.935
84075 1.258 0. 903 1.581
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