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Thermo-Mechanical Fatigue Crack Propagation Behaviors of
1.5Cr-0.67Mo0-0.33V Alloy
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Abstract

The thermo-mechanical fatigue tests were performed on the specimens extracted from 1.5Cr-0.
67Mo-0.33V alloy. The characteristics of thermo-mechanical fatigue crack propagation were
examined and reviewed in view of fracture mechanics. The results obtained from the present
study are summarized as follows: (1) The propagation characteristics of isothermal low-cycle
fatigue crack are dominated by AJ; in case of PP waveform, and AJ. in case of CP waveform. (1)
The propagation characteristics of thermo-mechanical fatigue crack are dominated by A]J. for
in-phase case, and by AJ; for out-of-phase. The present results were in good agreement with the
equation of propagation law for isothermal low-cycle fatigue crack in case of thermo-mechanical

fatigue.
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Table 1 Chemical composision of the testing material

Composition(Weight percent : %)
Material
C Si Mn P S Cr Mo v Ni Cu Al Co
SCM432 026 { 027 | 069 | 0.01 | 002 | 149 | 067 | 033 | 0.12 | 020 | 0.02 | 146
Table 2 Mechanical properties of the testing material
Yield Tensile . Young's Reduction
Temp. Elongation
(c) strength strength %) modulus of area
(MPa) (MPa) ° (GPa) (%)
R.T. 829.8 962.4 21.2 253.6 60.1
300 719.8 866.3 18.9 185.3 57.9
425 676.1 806.8 18.1 172.9 56.1
550 594.8 639.3 23.7 166.2 73.6
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Fig.1 Geometry of isothermal and thermal fatigue
test specimen
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Fig. 2 Block diagram of control system used for
isothermal and thermal fatigue test
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Table 3 Test conditions for isothermal fatigue and thermal fatigue

(a) Isothermal fatigue

. Loading time
Specimen Temp.| Max. stress | Stress Stress (sec)
Nol e 1Y ey | Py | rati f
3 a rauo waverorm tT t tC
1 1 PP3%0 | O 359.9
300
2 | PP35S | O 395.9 . ,
3 | pras0 | O 338.1
425 1] - [
4 | Prass | @ 3719
: e
5 | PPs4s | O 267.7
550
6 | PPSS0 297.4
7 | CP310 | % 503.9 o
300
8 | cp37s | % 539.9 ’ H \ j
c |1 {300 1
9 | P50 | % 297.4 l V V V
550 try th lc
10 | CPS55 | % 327.1 A
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Table 3 Continued

(b) Thermal fatigue

] Temp. Loading time
Specimen Max. stress | Stress Stress (sec)
No Symbo! | range ]
No. (MPa) ratio waveform
() ty tH tc
1 iP550 A 297.4
t
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Fig. 3 Relation between crack propagation rate and
J-integral range in isothermal fatigue(PP
stress waveform)
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Fig. 4 Schemetic diagrams of load(P)-crack center
opening displacement(V) hysteresis loop
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Relation between crack propagation rate and
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Fig. 8 SEM photographs showing typical fracture
surface in isothermal fatigue crack propa-
gation(X400)
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Fig. 10 Relation between crack propagation rate and
J-integral range in thermal fatigue(out-of-
phase)
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Fig. 11 Comparison of isothermal fatigue crack prop-
agation behavior with thermal fatigue
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Fig. 13 SEM photographs showing typical fracture

surface in thermal fatigue crack propa
gation(X400)
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