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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
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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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Table 4 Rotating bending fatigue test data of TC17

alloy at 400 'C in very-high cycle fatigue
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575 6.19Xx10° 3.85X107
550 2.78X10° 7.37X10°
540 7.27X10° 200107
520 2.62X107 >1.00X10°
500 6.98%10° >1.00X10°
480 >1.00%10°

B4 TCL7 #8855 P-S-N il 2k UhFEA)
Fig.4 P-S-N curve of TC17 alloy in VHCF regime

(small sample number)

4.2 HIERNEER
X /INRE A w9 55 1 B AR SR
IEA A R HEAT T 0S8 REL AL AL S 80K
fift , ZEHMNE S5 TR . S B3 6 h ALY B (5 B
AIREFEA A, BT IER DA U S8 RFL AL,
VT AR 2% 11 T (% 98 57 8 B A 1A DL e P-S-
N £k, s 4 Fi3% 6 iR .

RS TCUTESETESHH NS H RFLERSHY
it
Table 5 Parameter estimation of four-parameter RFL
model based on normal distribution

for TC17 alloy

R FEAR
. N a b S, o
i Hon

= il 14 56.80  —8.955 526.4  23.86

400 C 13 187.9  —34.54 410.9  29.18

x6 TClTESEREEREARETHEREAES
BEMTE(ETESSH)
Table 6 Estimated value of very-high cycle fatigue
strength of TC17 alloy under specified confidence

and reliability (based on normal distribution)

i v A (107) 2 57 0 S5 Al 1L

R Y= Y= y= y= =
. 50%,  95%, 50%, 95%, 95%,
i

P= P= P= P= pP=

50% 50%  99.87% 97.72% 99.87%

2 Tt 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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2 5 R v ] 9 55 3K 0 30 R AT o A A B 52
UFE S B T 5 B 08 = S O o AN
VU250 RF L AS R vy | AL 95 55 B BIR B 74 M R 2 A
B I8 1 B B e e S AR 0 A o A M L AR SC LA
TCL7 8K G 4 /N FE A 5 J5 9% 55 504 1), ok
B A 56 1 O vk L R 56 R A S T OE A HE R
I3

K6 22 BT S 4 T A B e B (17D B Ay
LOIF P B0 17 1 8 i S % 57 588 B85 43 AT, iE AT IE S
Gy A LA AR TE S 43 A R BRE R 4 A1 R 3 il
THERH A5 X6 L B B R R AE . SRS T 2 8K
it 169 n A BOHE ST HES i b B (20) 35

HE 2% 0 B 22 58 B SR A SR AE
p— 103 (20)
T a404

PET 5 5 T T 25 40 A 108 B DR MR 23 1 F 48 16 8
IR A HEAT T X L, AT DU A — BOME R 8K
R B R, T £10% By iR 22 AN . Sy Tk
— U U IE e S 5 5 BE ST R A IE A A A
%, & ik F§ T Anderson-Darling (AD) i
PR IE A A S . AD K IR 45 B AE 95 %6
15 BE 25 A0 AN HE 4 J5 B, W] D o AR Oy A 3
(9 1O PR H50xT 7 F) e v J1 98 55 98 B2 S, 7T 6 2 1E
oA B .

FIS TC7 45 b o 08 55 5 B ME 4 4 A Xof LG
Fig.5 Comparison of probability distribution of very-high
cycle fatigue strength of TC17 alloy

5.2 BERAEFHIENLERR

AHIEFE AT LA B A T L D ik Y R AR
KON OUT I R o SR 55 i o /MR AS e

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

¥ 57 S-N R AT 15426 A B9 95 57 i, T e Xt
N 2~3 XF, 5 8 B A T+ B 2 A0 e, R B IR
509 LI, 3 ) S AR 6 iiAS 5 2 68 %0, g 7
s o

RT AAZEENEBSHESFSWRFERARITLE
Table 7 Cost comparison between the proposed method
and the conventional very-high cycle

fatigue testing method

Kk FEAEL M2 1] /h
H L TR 30~45 3616
E Ny RS 15 1128

AR SCHE AR R I T = 280 S-N R AR
JRE T 3K Al FH ARSI Xk /N AR B0 HE AT PR AL w4
2 S-N MBI & =S8 S-Nih& M. &5
19 S-IN it 2k v 9% 57 B50H Ak B ESRAE rp R R A X
(ALY R I 1 7KF) B 77 i X (TR T 9 5
e BEL B 3T ) A 2 8% 1) B0 B 5 X 3K 1 B A A X
BIFEAT AL BE . SEBR R, Y SR R A R AT
JE Y9 97 P-S-N T4 i, 453 3] (9 & sk i) — 4% =
SHS-N e, Hoh i 2k i RbR BB S, 55 24
SR B 25 . k2 AL 5 s
HEAT HEAN 7 J 9% 55 3 BB N 1 P-S-N il 224t A i
H S B0 N 6 4~ DL PR RS B 1k B b 2
AL AR S B R AEIL, AE I R e 8] 9% 57 1k
0 R 3 8 A R 1 I 3 B A

AR 5 R 0 R A5 RT D 4 1 v JE 9 O
S-N it £ B dls 45— Ab B 75 31 00 2 50 RE LI 97 e
BRLASE Y | AR 12 A 50 0 A7 v R 57 5 A
o P-S-N e fliit . o Ry A8 A7 44>, 3L
H1 302 80(a.0,S) FH THiAR S-N i iy a4 56
AN SH o H R S 1 B . AR TR S
AR 7 o AR S Al 40 I A B I S EC8E (44S)
N TFAL 50735 (6 4 DL b)) s /N T 4% G Bl AL
9 55 W B 5 7k 1 S 080 (54 ) o IS8R
KARRE Bk 7 S BOR M7 ik BEAR T B8 ab 21
B MERE B8 IR AR . A A SO TATL R
B A H FURE A I 3R B A ) R L 56 I 25 SR (an 3 2
TR ), AT U AR S A 1) T 45 SR 5 4% G 1 L 2 R
RBEAH — SO R . P Y S SR AR IORT S
PR T2 5K Y 88 g SR 57 o R Al M, s A
e JEV R 55 0 1 9 B P-S-N 4 L AS SCAR Y g
2R AL 57 A BIRASE R R LAl S R, O A R
ST (RN T = SN T B N
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g LI )R EE

6 & it

AR SCAE BEHLE 55 W% BR (REFL) B 0 Al 1, %t
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HE PR 0RO A BB SR % REL A& 647 1 1
b, IR 4 T — b BT INVREAR (198 = JE P-S-N b
NI IR, EEASRT .

1) 2 —Fh D0 S8 REL B I 25 1 7 4575
SRR 7 7 AT O . B S =
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2) 383X TALTLBK A 4 5 B0RE A 5000 8 &
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VEAG TG B9 25 S A 5% LA, AT 8631F 7 A S 4
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3) US4 REL AR, X TC17 8k & &
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