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Table 1 Composition of the molybdenum alloy, wt%
Mo Ti Zr C (0] H N Fe Ni Si
99.3 0.5 0.08 0.03 0.03 | < 0.0005 [ < 0.0005|0.005[< 0.001|< 0.003
2 TZM
Table 2 Physical properties of the molybdenum alloy
T hermal
Tem perature T hermal Specdific . 0.2% yield Tensile M odulus of
expansion o
/ conduct ivity heat strength strength elasticity
coefficient
/(W/mm.K) [ /(J/g.K) / MPa / MPa / MPa
/(1K)
20 0.125 0.24 5.3%x 107 ¢ 590 685 3.2%x 10°
500 0.115 0.25 5.6x 10 ¢ 3.0x 10°
1000 0.100 0.29 6.0x 10 ¢ 2.7% 10°
, .350 500
, 350 500
Imin , ,
, 800, 1000  1200M Pa ;
, 800, 900, 1000  1200M Pa ,
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Fig.1 Experimental S-N curves of isothermal
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Fig.2 Schematic showing of the creep phenomenon
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3
T able 3 Main results of isothermal and thermomechanical fatigue tests
T ype of Specimen Stress » at » before p at p before N,
tests number range halftime | fracture halft ime fracture
/ Cycles
/MPa /% /% /MJm™ | /MJm™®
350 TZM 01 800 0.28 0.40 1. 74 2.64 6600
Isot hermal TZM 02 1000 0.35 0.72 2. 51 5.92 380
Fatigue TZM 03 1200 0.55 1.05 3.74 8.66 36
500 TZM 04 800 0.24 0.42 1. 30 2.78 6020
Isot hermal TZM 05 1000 0.33 0.75 2. 38 6.14 410
Fatigue TZM 06 1200 0.60 1.25 4.35 10.85 26
350- 500 TZM 07 800 0.26 0.36 1. 38 1.86 5250
T hermo— TZM 08 900 0.31 0.52 2.04 3.22 810
mechanical TZM 09 1000 0.34 0.58 2.42 3.90 140
Fatigue TZM 10 1200 0.78 1.50 5.12 12.60 18
2.4
(800M Pa), ( 10%),
2 2 3
1000M Pa . 3(a) . 3(b) ;

3 1000M Pa
(a) ; (b)
Fig-3 The SEM image on the fracture surface of 1000 TMF test

(a) Total fracture and (b) brittle fracture in detail
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4
Table 4 Data of the experimental and calculated lifetime
Isot hermal Fatigue at 350 Isothermal Fatigue at 350 TMF of 350 - 500
M= 1120, = 8.20 M,= 1160, = 8.05 Mo= 1140, = 7.53
max (N1) e (N¢) ca max (N£) exp. (No) . max (N1) exp. (N£)
/MPa /eycles /eycles /M Pa /eycles /eydes /MPa / ey cles ! eycles
400 6600 8030 400 6020 6590 400 5250 3320
- - - - - - 450 810 872
500 380 480 500 410 438 500 140 250
600 36 34 600 26 25 600 18 16
4 itk
800M Pa )
, 1200M Pa s
, 20- 40
) ( SOOMPH.) ’
2 2
, , 150 ,

5 %

(1)350 500
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Fatigue behavior of molybdenum alloy under high-
temperature thermomechanical stress cycles

SHI HuiHi'  KORN ¢ PLUVINAGE G’

( 1. Department of Engineering M echanics, Tsinghua University. Beijing 100084, China; 2.U niversity of
Metz. M etz 57045, France)

Abstract: High temperature isothermal mechanical fatigue and in—phase thermomechanical fatigue (TM F)
tests in stress control were carried out on a molybdenum alloy. T wo temperature levels of 350 and 500

were applied to isothermal fatigue tests and a tem perature interval of 350500 o T MF tests- The fatigue
lives obtained in the inphase TM F tests is lower than the ones obtained in the isothermal mechanical tests
at the same stress amplitude. It appears that an additional damage produced by the reaction of mechanical
stress cycles and temperature cycles in TM F situation- Ratching phenomenon occurred during the tests
with an increasing creep rate and it was dependent on temperature and load amplitude. T he observations of
the microstructure of the damaged specimens demonstrated that the fracture was a brittle process under
higher cyclic stress conditions. A simple model of lifetime prediction was developed and it is based on

Woehler-M iner law. The lifetime prediction gives results corresponding to experiment al data-

Key words: thermomechanical fatigue; molybdenum alloy; temperature cydes; stress control cycles1



