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Abstract: A four-parameter random fatigue limit model for reliability design was proposed,
which can realize very-high cycle fatigue stress-life (S-N) curve processing for small sample of da-

ta. The accuracy of the model was verified by fitting analysis and comparison of very-high cycle

Y5 B 8 :2022-04-01

HEHETH : BEBHERLT(I2019-V1-0002) 5 FR H AR 254 (91860112)

{EF A ol (1992—) B, TRRUM , -1, 32 %0 S04 22 A % 27 00 15 2 AF R 9

BEIEE 8 (1983—), 3 Whoe B, W, 8 N2 MR J122 4T P98 . E-mail: wxu621@163. com

SIS BB, 0 M, VR, A5 T TS T Y e Sl LR R R R 5 e R AN T Ok D). A B 1R i, 2022, 37(8)
1761-1770. CHEN Xin, HE Yuhuai, XU Wei, et al. Very-high cycle fatigue strength estimation method for aero-engine reliabil-
ity design[ J]. Journal of Aerospace Power,2022,37(8):1761-1770.



1762 it =

%37 %

fatigue data of conventional samples of titanium alloys for aviation.At the same time, TC17 titani-

um alloy for a specific type of aero-engine compressor blade was taken as the research object, and

the very-high cycle fatigue data of small samples were processed at room temperature (RT) and

400 °C, respectively. The very-high cycle fatigue strength under typical confidence and survival

probability was investigated by this mode. The results showed that the four-parameter random fa-

tigue limit model proposed can obtain the value of the estimated fatigue strength required for en-

gine design in very-high cycle regime. With a small amount of long-life area data, the proposed

model provides a reliable method for very-high cycle fatigue strength evaluation of engine materi-

als by an economical cost.

Key words: very-high cycle fatigue (VHCF); random fatigue limit (RFL) model;

probabilistic stress-life (P-S-N) curve; fatigue data processing; titanium alloy
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alloy at room temperature in

very-high cycle fatigue

Ni Jj/MPa TR PR HL
700 3. 75X 10 4.46x10" 1.27X10°
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575 4.51X10 >1.00x10°

550 >1.00X10°
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Table 4 Rotating bending fatigue test data of TC17
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550 2778107 7. 37X 10°
540 7.27X10° 2.00X 107
520 2.62X10" =>1.00x10°
500 6. 98X 10° >1.00X10°
480 >1.00x10*
O Run-out
900 X Rupture
RFL y=50%, P=50%
800 | —— RFL y=50%, P=99.87% |
s —— RFL y=95%, P=97.72%
S 700} »_x RFL y=95%, P=99.87% ]
o S - = X x
600 o5 XX )? 8 .
500 f 1
10° 10° 107 10
N,

(a) &, ETIEESS

B 07 A T ) TSR T R S LR L R i SR 55 SRR A T O vk 1767
(e} Run-out
800 | X Rupture
RFL y=50%, P=50%
700 b —— RFL y=50%, P=99.87% |
& —— RFL y=95%, P=97.72%
E RFL y=95%, P=99.87%
5 600 X . " 1
“ X X X )’(‘
500 f x 8 1
400 ¢ : . ]
10 107 108
N,

(b) t=400C, ZET A5

4 TCI7 LR T 9E 57 PS-N il £ C/MREAS)
Fig.d P-S-Nvurve of TC17 alloy in VHCF regime

(small sample number)
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BT /INRE A R 9 57 3 00 BRSO T
EAAT AR AT T 00 B350 REL BLAY () 2 50K
fift , 25 BAN ST R S R 6 AL Y B (E
LR FE LA B T IR 7 A U 2 8 RFL A,
TR PR N 25 1 B 9% 57 9 B Ak H B DL ) P-S-
NI R, s 4 13 6 FT R .

5 TCUTEEETESHTNSH RFLERSH
fiit
Table 5 Parameter estimation of four-parameter RFL
model based on normal distribution

for TC17 alloy

g A

. N a b S, o
T 22 Hn

7 14 56.80  —8.955 526.4  23.86

400 °C 13 187.9  —34.54 410.9 29.18

®6 TCUEEHEHREERE.REETHESAKS
BEMITE(ETESSH)
Table 6 Estimated value of very-high cycle fatigue
strength of TC17 alloy under specified confidence

and reliability (based on normal distribution)

A e S (107) 98 5 58 B A 11

i y= y= y= y= y=
. 50%, 95%, 50%, 95%, 95%,
ki

P= pP= pP= p= p=

50% 50%  99.87% 97.72% 99.87%

% i 593.7 581.4 510.9  510.3  470.9

400°C  534.3 517.2  427.9 423.0  370.7
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Fig.5 Comparison of probability distribution of very-high
cycle fatigue strength of TC17 alloy
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Table 7 Cost comparison between the proposed method
and the conventional very-high cycle

fatigue testing method
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