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Research on Hollow Fan Blade Tip Welding Failure in HCF Test
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Shanghai 201108, China )

[ABSTRACT] For the unexpected tip failure of hollow fan blade HCF test, the stress distribution test, vibration simulation
and crack analysis were done. The test results indicate that the failure region is not the high stress region, and fracture anal-
ysis indicates that the crack initiates from the welding area of the duct in the blade tip. Validation test on the blades without
the tip welding shows that the failure is induced by the welding defect in the blade tip duct. Based on the fatigue analysis
and test validation, the failure occurs by improper welding method selection and welding process control in the manu-

facturing process. Consequently, the improved process is applying the EB welding in manufacturing and CT inspection.
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Fig.1 Figure of test facility
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Fig.2 Locations of stain gauges
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Fig.3 Distribution of vibratory strain of first bending mode
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Fig.4 Designation of crack on 1# test specimen

SURBNIN TR 480MPa By, W IR I 514 W 2 R 3010
g 2. 1M Pa, {1 )5 FI T 514 W0 5 X 30 F7 7K S G i
INTIRES R B KIR BN T, ZE 2 DX S B 55 R U=
AEFHHI G , A X HIT RN B 38 AT TAE .

2 (hEREOSH

B RHZ R A 428 0 KU I B BSR4 T T 4k 5
AT AR 0 RS T A R R o I R — B i
PRIUT A 505N 60Hz, R ALNE 5 FR .

R T AR A O KU R IR SR 1 4307 LAY
R PR PR 50 5 BN 5 | S 8 FR 0 iz 0 A T, et E b A 7 1
VL VIR T TR R W& = R i K VT v er )| P A =
ERE 6 s, Xk a I 88 Hhalon B i, HL i KPR
BN 1R 475MPa, HEUAE I G AR T2 7 B, R
IR B fE RS 07, SRS 1 Ay 324
o7 5 ) w5 AN B ARA

1 56 8 6 R 2 B N E 6 s, 1% DX el e K
/NTF 10MPa, BEYSARIZEZ X 38 A 17 3 40 A A&l 7~9
TNo FERFIRER AT M e KAR BN J1 /N 3MPa, FERF 4R
B A B KRB R 17N T 6MPa, £ - 1 s )
PR 1 /NTF 2MPa, [ R A AR T I 5 27mm [
B XN B e KPR B F1 /N F 10MPa, I 480 A4
DI PR N; F1475 LA BT SRR B - 2R K2R X

uuuuu

E5 —HE i iRa
Fig.5 The first bending mode shape
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Fig.6 Vibration stress contour diagram of the fan blade
under the 1st bending mode
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Fig.7 Vibration stress distribution of the blade tip at
suction side of 1# test specimen
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Fig.8 Vibration stress distribution of the blade tip at
pressure side of 1# test specimen
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Fig.9 Middle part vibration stress distribution of the
blade tip of 1# test specimen
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Fig.10 Crack of 1# test specimen
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Fig.11 Micrograph of fracture on 1# test specimen
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Fig.12 Fracture source area of 1# test specimen
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Fig.13 Micrograph characteristics of the fracture source of
1# test specimen
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Fig.14 Fatigue characteristics on fracture micrograph
of 1# test specimen

BE15 A#RXIE 4 EEEIRET QR IRE

Fig.15 Crack of local welding part of 1# test specimen
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Fig.16 Blade-tip—grinded 2# test specimen and the test results
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Fig.17 Sample test result of TC4 electron beam welding process
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Fig.18 Test result of fan blade with electron beam
welding process
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