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Fig. 1 Simulation result (a), displacement distribution (b), strain distribution (c),
and stress distribution (d) of actual blade bird strike model
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A simplified trailing-end
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constraint

1Unif(1>rmly distributed
A BE > ] SIE: ateral constraints were
o B R O 2 T 9 000 5 11 Jateral constants were
. K2 Xhderide

TESR 1RO 2N, Btk 1 3 RO R A W1
BERYRY (1] 3): M9 BY T 7E LW J¢ FL R 1 48 32 9 ity A
EAN AN E M, B AR e R IR A R I e R Y TR b b o I 32 e 35 DX Y 0 B8 8l 2 v
SR AR O 0 B 29 o5 A Y AN T L e BRI 0 64 V52 B2, AR g e 5 2

Fig. 2 Double-sided clamping fixture

(a) Configuration | (b) Configuration II (¢) Configuration Il
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Fig. 3 Configurations of the double-sided clamping fixture
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Fig. 4 Bird-strike model with a single-sided rigid clamping fixture
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Fig. 5 Stress contours of the double-sided clamping fixture configurations [ (a), I (b), and I (c),
and the single-sided clamping fixture (d)
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Fig. 6 DIC results of the two test configurations and the local displacement contour at the blade trailing edge
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Fig. 7 Test and numerical damage contours for the two configurations
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P8 FAIHG I R IR I A i
Fig. 8 Evolution of delamination damage in the single-sided clamping configuration
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Fig. 9 Bird strike impact test system for a representative composite component
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Fig. 10 Roles of individual cameras in the data acquisition system
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Fig. 11 Quantities and schematic diagram related to bird-cut ratio calculation'
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Table 1 Parameters of test conditions
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Fig. 12 Out-of-plane displacement contours (left) and delamination damage distributions (right) from tests and simulations
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Table 2 Normalized slopes of various impact parameters

SP

SI’
Impact parameter
AX, AX, 4,
Impact height 0.08 —0.42 —-0.36
Bird-cut ratio 0.83 0.64 0.83
Impact velocity 1.13 0.96 1.09

AU e S 2 T e v R R RS B (24 mm) , 7EBURE SN BTN, AR 435I 84, 92 mm FIKE
WET .50 88 mm, X HE 3 Ff g B R AR Gk Ak B B, ANTET 13(a) BT/ o BBURRME AR M4l R W, Y ofriks
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Table A1 Material properties of the composite fan blade

Parameter pl(g-cm™) E,/GPa E,/GPa E,/GPa Vis
Woven ply 1.56 75.0 75.00 4.00 0.08
Unidirectional ply 1.60 146.0 8.01 8.01 0.32
Parameter Va3 Vi3 G,,/GPa G;,/GPa G,;/GPa
Woven ply 0.20 0.20 6.00 6.00 6.00
Unidirectional ply 0.30 0.30 5.06 5.06 3.86

Ho: p I, E, NNty IR, E, a4 R, B, AR R AR, v, vy vy IR
e, G Giyn Gy HET IR

® A2 MARSEAMBSH
Table A2 Material properties of the blade leading-edge strip

ol(g-em™) E/GPa v
4.44 109 0.3

Hr: E b IRBR, v AR

RAI EEMRSH
Table A3 Material parameters of the gelatin bird projectile

pl/(g-cm™) B/GPa 04
0.95 134 5.35

Horfr: B AR, vy NBHL
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* A4 REM S REHRSH
Table A4 Material properties of 45 steel used for the clamping fixture

pl(g-em™) E/GPa v
7.85 210 0.3

FAS FHREBFAMNSH

Table AS Interlaminar interface material parameters of the plate

p/(g-em™) K,/GPa K;/GPa Ky/GPa 79 /MPa 7 /MPa t5,/MPa G J/N'mm"') Gy./(N-mm™) n
1.58 1 000 1 000 1 000 30 70 70 0.6 2.1 2.8

Horf Koy o Koo K290 08 St 1) B PN D ) 05 10 B AGSTWIRE, o\ o5 o oy 20 DA IO i 14 3¢
HSREE, G 1o\ Guer il A 2Y T AIAG B T Y il 5 RE BB R, 0ol B-K IR AU S50 W 2 40

RA6 EAMBTRKHHMEESH

Table A6 Material properties of the composite laminate plate specimen

Material o/(g:em™) E,/GPa E,/GPa  E,/GPa Vi Vs Vi G,,/GPa
Woven ply 1.56 75.0 75.00 4.00 0.08 0.20 0.20 6.00
Unidirectional ply 1.60 146.0 8.01 8.01 0.32 0.30 0.30 5.06
Material G,,/GPa G,;/GPa  X/MPa  X/MPa Y/MPa Y /MPa S,/MPa
Woven ply 6.00 6.00 1370 564 1370.0 564 120.0
Unidirectional ply 5.06 3.86 2160 1290 459 226 99.3

Forbr X O PURIsR I, X, 9N BUIR SR EE, Y, A B I BT AR B, Y, AR I BT SR, S, S T AL
%gigc

Equivalent Bird-Strike Test Method and Fixture Design for the Trailing Edge of
Aero-Engine Composite Fan Blades

SI Wulin', LI Wenhao™**, JIANG Xiaowei', LI You', ZHAO Zhengiang™*, ZHANG Chao>**

(1. AECC Commercial Aircraft Engine Co., Ltd., Shanghai 201199, China,
2. School of Civil Aviation, Northwestern Polytechnical University, Xi’an 710072, Shaanxi, China;
3. Shaanxi Key Laboratory of Impact Dynamics and Engineering Applications, Xi’an 710072, Shaanxi, China;
4. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, Shaanxi, China)

Abstract: To investigate the response and damage behavior of composite aero-engine blades under bird-
strike events, an equivalent bird-strike testing method was proposed in which a component-level flat plate
specimen was used to replace a full-scale fan blade. The method aims to reproduce the trailing-edge
delamination damage observed in full-scale blades during bird strike. Bird-strike tests and corresponding
numerical simulations on the plate specimens under different clamping configurations were conducted, and
the impact response characteristics as well as the initiation and propagation processes of delamination were
systematically analyzed for each configuration. Based on these results, a component-level equivalent test

methodology capable of effectively simulating trailing-edge delamination in blade bird-strike scenarios is
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proposed. A baseline impact condition that induces single-side trailing-edge delamination in a representative
composite laminate is identified, including impact height, impact velocity, and the bird-cut ratio (defined as
the percentage of the effective impacting volume of the bird projectile relative to its total volume at the
instant of impact). In addition, by comparing test and numerical results under various impact conditions, the
accuracy of the numerical model is validated. Using the experimentally validated model, sensitivity analyses
were performed with respect to the test parameters (impact height, impact velocity, and bird-cut ratio). The
results show that, within the controllable ranges of parameter variation in the tests, the changes in key impact
response metrics of the composite plate—namely the peak displacement at the upper trailing edge, the peak
displacement at the lower trailing edge, and the displacement difference along the upper edge—are all less
than 5% relative to the baseline condition. This study demonstrates that the proposed equivalent testing
method enables a composite plate test to replicate the local displacement response and delamination pattern
of a full-scale blade under bird strike, and the test outcomes exhibit good robustness.

Keywords: composite fan blade; bird strike; equivalent test; fixture design; interlaminar delamination
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