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Experimental study on fatigue curve law of turbine blade under

combined high and low cycle loading

YAN Xiao-jun, SUN Rui-jie;~DENG Ying, LIU Zhi-na, NIE Jing-xu

(School-of Jet Propulsion,
Beijing University of Aeronautics-and Astronautics, Beijing 100191, China)

Abstract: The effect of the high cyele vibration load on the high-temperature fatigue
properties of the ‘turbine blade were-addressed. Combined high and low cycle fatigue tests
were carried out on several blade specimens. The results show that the superposition of
high-frequency vibration on low-cycle load can significantly reduce the fatigue life of the
blade. It is noteworthy” that combined high and low cycle fatigue has two features: great
dispersion and\nefatigue limit. The former is exhibited by much broader life range than the
low cycle fatigue (LCF) test, and the latter indicated by fracture of the blades over 107 high
cycles (which is considered as the life limit of the metal materials for the invariable-amplitude
fatigue). In addition, the fatigue data suggest a double logarithmic linear relationship be-
tween vibration stress level and the combined fatigue life. Further research has found that

the law for superalloys operates universally .
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Fig. 1 Fracture position and the stress field

of the blade
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Fig. 2 Load spectrum of combined high and

low cycle fatigue test
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Illustration of the test equipment

Fig. 3

I K A i i Sk e AR SRR A
FERE P L B DL Do 2 e 7R 00 e b Sl ) &
BT[] — A A P 1% 22 I R A Sk A6 S IR B0 1 1)
SEA. I B e B ATk 56 AL AR At A9 B 0 3R e
CREEFULER J1 B85 0 28 ) LA % L I, 9 B 4 it ey )]
IR 2 2847 1% 3 B 50 14 1 (& 4). A AR T4 Ao 1%
AR P T — BRI (B 4 ) s H 2R
5t 5 R g v Co el DT TR BR T A 2K
Z (0] 0] BEAEAE B9 5 L Ah SO FH o A0 0 i 4 2
Pl 512 30 3 2 114 it o 5 ) =X T A
16 22 55 W i i 2R 4R W (T 55 A 2% A% 38 4 1) R o
NE TS P Z R Rt SR P gk s 30 i
F 2% 1 AT 4% 3h I FT 7K T e P

RSl 2 o

feiilit Mkl

i 38
eI e

it

IR £

(a) {72
P4 R R A G 07 IR IR A 15 5 AR
Fig. 4

(b) 1% S B A A%

Load path of combined high and

low cycle fatigue test
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Table 1 LCF test data of the blades
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Table 2 Combined high and low cycle fatigue test

data for seven amplitude levels
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Table 3 Combined high and low cycle fatigue
test data at the amplitude level 2. 0 mm
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Fig. 5 Determine the median S-N curve of
the combined high and low cycle fatigue

using the least-squares method
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Fig. 7 Typical PsS-N curves of the turbine blade
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