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Estimation method of blade high cycle fatigue life based on
ultra-high cycle fatigue test of specimen
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Abstract: According to 'girder vibration theory of beam., “af” value, which is the prod-
uct of blade tip vibration amplitude “a” and frequency “ f”, was deduced to express vibration
stress of blade. Based on the ultra-high cycle fatigue test result of a type of aero-engine com-
pressor blade material specimen and “af” value theory, the blade high cycle fatigue life was
deduced. The results of blade first order bending high cycle fatigue validated the deduction.
It shows that when “af” value is 1700, 1800, 1900mm/s, the fatigue lives of ultra-high cy-
cle fatigue test specimen and actual blade are in the vicinity of 1X10", 0.7 X 10" and 0.5 X
107 cycle, indicating the fatigue life of ultra-high cycle fatigue test specimen is consistent

with the actual blade.

Key words: “af” value; fatigue life; estimation; high cycle fatigue;

ultra-high cycle fatigue

itz RS AL UL T AR 7 A 57 5 B S5 ISR A A B, 7E3000 Hz LA F 5 17 25 1
FIAFR R R B S RSB AL R AT R S 4 TR, A U & B0 T AR R B AR 3
P AR T B 05 A7 i 5% 07 R — ARl BT A e SR IR gl % 57 A A I HOBUIR R R AT AR
AU T R AR RV AR B A i oAt AR B ZOR, 0k il a0 A 1 AR R 9% 55
B AR T AR B R IR S 7 AR A s 55 R RE TC EE R RS AR i S B T

i B3 :2013-06-18
TEF RN B2 1963—), B BEVU G2 A, 242 , 181, 28NS 2S R S HLSR BE L 75 fir 5 T S P T AR F 5.



2472

VIR %29 &

oA NI T af EABEETS, BT 2 % 2
BLIHIRAR IR o SR BIRIR £ IR af (HAEH
ik i R I sl R A bR B (R A8 mm/s. N
R R A0 FRAE R R B R A RN Gl T
IER TN TR R ZR G 1 IR A3 R R e R B ) R/ K
137 B 0 22 sl A A7 AE i 22 5 B2 5 AR R i S F)
37 iy 14 7 125 UL AN RE I B L S e i e (4 9% 57 73
T T af {H 3R 78 5 58 Pk B R IR 8 5 15 A7 I 3l 9
RIS FR L BE WS S W 41 B Fe R g 67 B e RV
PRl DA 0 0 A2 B4 AR i AR 2R b R A i e B — 4b
FEAER RN S) S, T 55 73 fiir WD T 44 B AE 8 55
TR BRI | TE 2 fie R g A7 o PR T AT AAES
af fEAR R Fl R v F 9 55 7 i i) 2 4

AR SR A 2 1 U 3l BEAE L S ARAR IR o 5
W AR f e FRRD af (R RAL M R 3R 3h R
J1H LR L AR R T B =S O sl B SOHLAE
W 7E20 K Hz 8 o J8 98 57 1 06 25 2Rl 5zl
SR af 6 RRE 57 73 fiv B9 55 200C 25 JF AL
M I 2% b1 B9 T SOPL AR R 89 af fHAS
W55 AR YOG AR IR AT 1 B A
P2 55 TR S IE T AR T 2R L A S R A
W55 AR PR it T — R ik

1 RIS af BEES

1 TC PR 22 o B dac 21 0N 55 I
K 1.

P15 T R A 2R

Fig. 1 Constant section beam model
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Fig. 2 Ultra-high cycle fatigue test specimen
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Table 1 1Cr12Ni2WMoVNb material test results

A =2 af {B/(mm/s) 55 F4w /107 IR
1 1400 1. 33
2 1400 2.51
3 1400 2.07
4 1600 0.52
S 1600 0. 32
6 1600 0.44
7 1800 0. 26
8 1800 0.18
9 1800 0. 36
10 2000 0.0
11 2000 0. 14
12 2000 0.08
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Fig.3 “af” value and fatigue life curve

UL, R af 1B R AE 4R 3 R F7 0 7 35 7T LA
L SR % 57 R 8 AR AR Y af (H-YE 57 A oK
F IO iR R 9 5 B ot B A, T af 1H
e A PRI 5 R AR R 0 R R BT LA X
MR AT ARG KA I A B IR AR, S5 A
af fH-9% 55 75 i ih £, wh vT LA WG 76 A AR] 4k 24
MR T IR B o R 9 55
4 MAESRAEZFRIESERIIE

Xt be

T B uE A R R S IR o f (H-IE 5T
51 O FR R O S B AR v R o SRR 55 75 A 1) mT
M5 I L AR SO )RR ) 52 B it R AT 1
By 257 v ] 9 55 1

MR 25 Tl bk i HB5277-84 , 5% FH TH [ v
XF—d1 TAEM B 047 9% 95 108, 50 R 45 %
P& R G0 5 W R GE PR 4. i R R R il
I 2 B SR R e Bkt B [ 7E H R R g
sh& b (4R 3 & i BOE 52 LB 2, 48 i i i A
IR IR AT R BT T Y F AR AR, o R
A T B AR R A L R 4 R R R PR i
I 2 % Wi Sy 790 1.

T 6 o 5 EEORG R AE AE  2 iR 0R
FH 28k 5 A 45 0 L HC ) R B AT LAk E) 0. 01
mm. 7E M B SCHEFER A7 0 N AR B, 3l 2 20 25 1 AR X
R 7 AR i L AR L I % 55 A A LA 1 X
107 JA R A6 30 BE 50, I 0 K SFE D 5 9. X 15
AN HEAT A 55 1A 25 R L3R 2.

R 2 1CrI2N2WMoVNb # 8l A S EE F IR &R
Table 2 High cycle fatigue test result of
1Cr12Ni2WMoVNDb material blade

S VR TR TR T
F%5  MPa mi Ji{z (mm/s) 107 &k

Jal

1 406.6 2.00 856.2 1712.4 0.949 Wizl
2 386.27 1.90 893.2 1697.1 1.039 KW
3 406.6 2.00 879.4 1758.4 1.004 KM
4 426.93 2.10 872.6 1832.5 0.568 WFZ
5 406.6 2.00 873.8 1747.6 1.002 R
6 426.93 2.10 884.7 1857.9 0.524 W%
7 406.6 2.00 886.3 1772.6 1.070 KU
8§ 426.93 2.10 8616 1809.4 1.021 AKUF
9 447.26  2.20\ 882.7 1941)9 1.001 Rk
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11 447.26 2.20 869.0 1911.8 0.106 MHr&L
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Fig. 4 Blade high cycle fatigue test results
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