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ABSTRACT

The influence of thermomechanical cycling on isothermal low cycle fatigue behaviour of an
advanced oxide dispersion strengthened nickel base superalloy for gas turbine vanes agglica-
tion has been studied. The results show that thermomechanical cycle between 550°C and
1050°C is more damaging than isothermal low cycle fatigue at 850°C. Anisotropy introduced
by alloy fabrication process determines a fatigue resistance in longitudinal transverse direction
lower than that in longitudinal direction. Finally the fatigue mechanisms are analysed by
scanning electron microscopy observations of fracture surfaces.
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INTRODUCTION

In service conditions gas turbine components are subjected to cyclic stress or strain variations
due to start-up and stop-down. Vanes and blades are undergone to the highest concentration
of creep and fatigue damage that, in extreem service conditions, can determine an unexpected
failure of the component. Besides the creep life prediction, the studies of fatigue design are
very important for a correct component design. Untill few years ago the isothermal low cycle
fatigue tests have been the most common procedure to characterize the fatigue behaviour of
alloys for gas turbine components [1, 2, 3].

Recently the evolution of the materials for vanes and blades has required a more accurate design
procedure that takes into account the complex loading and temperature variations in the
components. The thermomechanical fatigue testing [4, 5, 6], in which the cycle shape models
the in-service conditions as close as possible, has shown to be an useful tool for component
life time prediction, in addition to creep and low cycle fatigue characterization.

Inthis paper the mechanical behaviour of an advanced ODS nickel base superalloy type MA760
is studied. In particular the thermomechanical fatigue (TMF) behaviour in the temperature
range 550 - 1050°C is compared with the isothermal low cycle fatigue (LCF) behaviour at
850°C.

MATERIAL AND EXPERIMENTAL CONDITIONS

The material investigated is an oxide dispersion strengthened nickel base superalloy (MA 760)
produced by mechanical ~ alloying. The Table 1 shows the alloy chemical composition.
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Table 1. Chemical composition of MA 760 alloy in wi %,
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Table 2. Diamond cycle fiwr TMF tests an MA 760,
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I'he samples have been heated by induction coil and the temperawre has been coatrolled by
ihermocouples spot-welded onto the specimens outside the gauge length to avoid a crack
nitiation in cormespondence of the welding.

L tests have been performed a1 830°Cin Ic-n%mdinal strain controlled conditjons in tension
and compression with a triapgelar wave form (R= -1) and asurain rate of 5.107s-1.

I'MF 1ests have been carried out in the temperature range of 550°C and 1050°C with adiamond
cycle of 210 seconds as shown in Table 2.

In all LCF and TMF tests the hysteresis loop and the siress response have been recorded at
intervals.

EXPERIMENTAL RESULTS AND DISCUSSION
The LCF results are presented in Figs. 2 and 3 inwhich thé elastic and plastic strain componcots
are plotied versus the number of cycles 1o failure N. In the diagram 4 reduction of fatigue life
af the alloy tested in LT direction is ohserved. The fatigue parameters determined aoaording
1o Coffin-Manson [8] and Basquin [9] laws are reporied in Table 3.

Table 3. Fatigoe parameters for MA 760 alloy.

Material A a B B
L G01Z5 0.0105 0.201 D649
LT 0,009 0.0737 0.072 0.547

[ the Table A and s are the Basquin cocfficients, B and bare the Coffin-Manson coefficicnts
represented by the following equalicons.

Afe=ANT (1)
EEP=B‘N'-B )

The comparison of LCF and TMF results is shown in Fig. 4. The thermomechanical cycle
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Fig. 4 Comparison of LCF and TMF endurances of MA 760 tested in L and LT directions.
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Fig. 5 Example of TMF hysteresis loop: Ae¢=0.92 %, N=64.

Fig. 6 Crack initiation and propagation in LCF test (L direction): A1=0.6%, N=4700.
the longer cycle time that produces more time dependent effects and to the maximum cycle

temperature that enhances oxidation phenomena.
The analysis of fracture surfaces show that the damage mechanisms in LCF and in TMF are

similar. After a crack incubation which time is as long as the strain is low, the crack initiates
on the external surface and propagates towards the internal in transgranular mode.
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Fig. 7 Crack initiation and propagation in TMF test (L direction): Aeg=0.51%, N=280.

Fig. 8 Example of fatigue striations in the same specimen of Fig. 6.

Figs. 6 and 7 show two examples of crack iniliation respectively alter LCF and TMF testing
The alloy tested in L direction exhibits the presence of faligue siriations cither in LCF (Fig. g
or in TMF (Fig. 9). In the last casc the striations spacing is sensibly larper due 1o the Tonger
cycle lime and the fatigue striations are less visible for the prescece of a thick oxidation layer.
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Fig. 9 Example of fatigue stristions in the same specimen of Fig. 7.

[t alloy tested in LT direction shows 3 hrttle fraciure afler eiher T.CF ar TMF. Ia the firsi
case. even il crack injtiation is similar to that observed in Ldirection, faligue siriations arc nol
ipparent and the fracture propagates in sieps through elongated grains (Fig. 107 Large
secondary cracks are often observed.

When the alloy is tested by TMF in LT direction the marphalogy of fracure surfaces is not
substantially differcnt from that observed after LCF tesls. Crack initiation is external and
propagation is transgranuker without fatigue striations . Secondary cracks along grain bounda-
rics are oflen observed .

Fig. 10 Crack initiation and propagation in L.CF test (LT direction}: Aee=0.6%, N=2350,
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CONCLUSIONS
LCF and TMF tests performed on MA760 alloyin Land LT directions have shown:

= the alloy tested in LT direction presents a shorter fatigue life and a higher brittleness both
after LCF and TMF testing;

= TMF life shorter thap LCF life can be ascribed to longer TMF cycle (20 times than LCF
cycle) and to the highest temperature overtaken during cycling in respect to isothermal LCF
cycle that accelerates oxidation phenomena;

= fracture surfaces of LCFand TMF specimens show surface crack initiation and transgranular
crack propagation towards the internal;

— In the specimens testeq in L direction the LCF and TMF fractures present fatigue striations
not observed in the specimens tested in LT direction.
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