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Analysis of Hollow Fan Blade Unexpected Failure in the HCF Test
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(Design, Research & Development Center, AECC Commerical Aircraft Engine CO., LTD., Shanghai 200241, China)

[ABSTRACT] For the unexpected failure of hollow fan blade in the HCF test, vibration simulation and crack analysis
was done. The results indicated that, the failure region was not the high stress region, and the crack initiates from crossing
area of thin plate and thick plate in the suction side, which was caused by fatigue. The failure mechanism was that thin plate
of local region distorted in the SPF process so that the thick and thin plates fret wore in the high cycle fatigue test, which
induces the fatigue failure. Based on the fatigue analysis, improvement measure was made through both optimizing the

parameters in the SPF process and adding CT inspection in the test process. Validation test showed that the improvement

measure was effective, and the unexpected failure problem was solved successfully.
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Fig.1 Schematic diagram of test fixture

HEREICH

iEs e
I i
079
HE ik HE 071 bil
< <R <
w01 34 0 o (035 70 0 3
11 o 57 o
2l 0 wBo ®HE4s 0 s By
AR i
B2 MhnHMhATEE
Fig.2 Schematic diagram of stress distribution patch
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Fig.3 Schematic diagram of vibration strain distribution in

first order bending vibration mode
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Fig.4 Schematic diagram of crack on 1# test specimen
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Fig.5 Schematic diagram of crack on 2# test specimen
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Fig.6 First order bending vibration mode of fan
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Fig.7 Vibration stress nephogram of fan blade at first order
bending vibration mode
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Fig.8 Local vibration stress distribution

" Pa
154E+09 -.866E+08 -.194E+08 L4TBE+08 115E+09
-120E+09 -.530E+08 J142E+08 B14E+08 J149E+0

B9 1HAWHRGMERIIE N5
Fig.9 Vibration stress distribution of crack position on
1# test specimen
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Fig.10 Distribution of vibration stress along blade height on
1# test specimen
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Fig.11 Local vibration stress nephogram of 1# test specimen



PN
RESEARCH mﬁtﬁi

RSB TN R

F LA b2 m] T, 20 JRURS P BRI 8 R R
JIE T ZE A R T2 5 1 X6 1 2 I 1 SR
PLEARL, B B AR BT X, PRHZ P AR e 3
PRI AR 3R S B S R AL, TSR AR LAY
W7 11 BT I A8 A

3 EHrAOfaHh

I E 14 24 25 0 AU I R a6 0 1 2R AR =X
KR AT T W A AL A ARG 2

1# ARG , ML MINE R “2 T,
WK S B 248007 Tz O &, LAk
SRR 200mm, H AL AT WWARSR A KRB 1,
HAER G B A, S Rl a3 2 7
TG B KRB 2 BEANESL TS, AT
LKW H R Z BB MR ;s W1 8k N
4, N Z IR,

14 I PE DT 114 550 D0 11 13, AR DT 11 - 9 55 9IRk
FBCE b ZERHAE W, 95 57 S BGER UG T AR 5 - 25
WA AL

24 SR IG AT 11 455 WL I 14, BT 14T T R i)
D5 ), W AR A PR AR G S Ak S LRI 2, B0 iU )
W JEE 8 7 Tl 4 R, AR 5 23 0 JEE A S 2 A B Ay 9

DL #3584 R 1, 245 X AN K] 15 s, | T4k
PG ZLL, PG DR K BRI S R A T o 93 57 9 e X fO
A UL 16, 2B 408 1 9% 5F 25 FRAE , nT I
957 RAL

4 KHAEI
AT 1A HTE5 SR AT UL 14 0 2 IR0 P B I

I @
-154E+09  -866E+08  -.194E+08  .478E+08 .115E+09
-120E+09  -.530E+08 142E+08 .814E+08 .149E+09

B2 148 HREESEBERNENRE
Fig.12 Radial stress nephogram along the thickness direction of
1# test specimen
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Fig.13 Fracture surface of 1# test specimen
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Fig.14 Fracture surface of 2# test specimen
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Fig.15 Fault source area of 1# test specimen
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Fig.16 Fatigue characteristic of 1# test specimen
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Fig.17 Comparison of blade fracture and nominal
blade section of 1# test specimen
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Fig.18 Schematic diagram of crack on 3# test specimen
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