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Table 1 Chemical composition of the K417G turbine guide

vane (/%)

C Cr Co Mo Al Ti Fe \'% Ni

0.17 90 100 3.1 52 44 <10 0.70 Bal

Bl 1 RIS 1 K417G IGE W E 3 m i Fr

Fig.1 Serviced K417G low pressure turbine guide vane
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Table 2 Parameters of a single thermal cycle in thermal

fatigue experiment

Parameters Value
Peak temperature/C 976
Heating time/s 15
Soaking time/s 15
Cooling time/s 120
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Fig.2 Microstructure of as-cast K417G superalloy (@) and
serviced K417G superalloy (b)
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Table 3 Phase composition of the marked positions of the

serviced K417G superalloy in Fig.2b(at%)

Position C Al Ti Cr Co Ni Mo Phase
1 - 49 - 17.6 142 61.1 22 y
2 - 95 69 39 70 727 - y
3 55,0 - 341 1.3 - 1.0 8.6 MC
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Fig.3 Tensile stress-strain curves of serviced turbine guide vane

at different temperatures
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Table 4 The results of tensile test at different temperatures

for serviced turbine guide vane

Temperature/C os/MPa or/MPa 0/%
25 627.51 870.91 14.08
950 437.99 483.51 6.84
976 353.14 398.27 8.07
1000 337.89 375.01 7.27
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Fig.4 SEM images of fracture surfaces of tensile test samples at different temperatures: (a) 25°C, (b) 950 C, (¢) 976 C, and (d) 1000 C
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Fig.5 Macro image of thermal fatigue cracks in the K417G vane
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Fig.6 Fitting curves of thermal fatigue test results: (a) relationship between crack length and thermal cycles and (b) relationship between

crack growth rate and thermal cycles
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Fig.7 Fracture surfaces of K417G thermal fatigue sample: (a) crack sources and (b) secondary crack
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Microstructure, Mechanical Properties and Thermal Fatigue Behavior
of K417G Alloy Used in Turbine Guide Vane

Song Ruokang, Ma Dong, Wu Sujun
(Beihang University, Beijing 100191, China)

Abstract: The microstructure, mechanical properties and thermal fatigue behavior of the serviced K417G guide vane were investigated.
The results show that coarsening of y” phase for the serviced K417G alloy has significantly degraded the microstructure. The strengthening
effect of y” phase in the serviced K417G alloy has obviously weakened. Due to low bonding strength of precipitate interfaces and grain
boundaries at high temperature, the tensile strength and yield strength of the K417G guide vane have decreased with the increase of
temperature. The thermal fatigue crack forming process of K417G alloy under thermal stress was observed with time. With increase of
thermal cycles, the thermal barrier on surface of the vane has fallen off due to thermal fatigue stress, which leads to oxidation of surface of
the alloy. The thermal fatigue crack sources can be initiated in the place where the oxide particles fractured and fell off. The a-N and
da/dN-N curves obtained from thermal fatigue tests indicate that the crack growth rate decreases with the increase of thermal cycles, which
is resulted from the release of thermal stress due to presence of secondary cracks.
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