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Fig.1 Actual blade bird strike'model-and simulation results (from left to right: strain distribution, stress distribution, and
displacement distribution)
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Fig.3 Configurations of the double-sided clamping fixture (from left to right: Configurations I, II, and IIT)
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Fig.5 Stress contours of the fixture simulations (from left to right: double-sided clamping fixture Configurations I, II,
and III, and the single-sided clamping fixture)
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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.8 Evolution of delamination damage in the single-sided clamping configuration



HOE YO R
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

3 IR RRIE L

ki L IR JeFLAE S T T OSSR B 75 45 B, 36T 2R LR IR T — R A1
TARKY) Sk, W 9 FoR. WA LB =AML B MRS B
Pl

™~
# Plate—fixtur

L+ eassembly  Camera6
Camera 1 ]

7 —m s = =~
/ / E Camera 3 \\
f N l (vertically above) \
—_—— Camera 2. |
———————— { “Gelatin bird | a | I
/ | projectile |, — —
Pressurized air } D,/ i lWﬂ‘| f ) I |
chamber | ] Ml La@_ﬂa 45| |
\ >
lBlrd}chmlcl Sabot separation I I
| _Sabot device I |
¥
N
}

Bird strike
experimental system y;

_———ee e e —— e e e e e e = — AN

B9 ZAPRH A S b R R
Fig.9 Bird strike impact experimental system for a representative composite component
3.1 AHRESE
PRI A R AT e S E A, AR R AR AR EASA (CS-E 800 Bird Strike and
Ingestion) BOV&% TRELIAT I SRR B S EMBISEMGS B, R BRSO L 1k,
I BAEIN T FE rp s h A% B2 950 kg/m® . R 90 mm. K 110 mm, g 403 g. S
PR JE BEAT S AL B, IR HEAT AL B, Bl R SR T 4 °C BB ORAE

Camera 1: impact orientation Camera 2: impact velocity

Camera 3; bird-cut Cameras 4/5: DIC

rati¢ measurement images Camera 6: impact height

1/

K10 Hdle REE R G S AL RE
Fig.10 Roles of individual cameras in the data acquisition system
RGBT AN AT B s AL (L 100, Rl S ihiid fe, Wi
A TATRE . BRAMMEYISHALE . FHGRIR R i3 E. BARA B AR g e A
BN 1A S NGRS Kb il Jo A I T B 0 A AR AL 2 105 S S S AT P I

6



[EOREE /R = 114
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

SUCATHEE; S 5 A EARNL 6 il sk SR s 5 A0 EARNL 4 FIAEML S FISkEE T =4 DIC
M, FAF RIS AF AR M B s XA OE 5 A B FAARNL 3, 105 S NFHESH D) 9 &,
BN A IE 10 B, IR, A LE SO Ml (e i ik 3 fk ke, JFiESkid
SRS fE =R I s B UG EE ,  DAORIEECE R AR I T S o 1B T TS 5 m 1 S
HRAS, FEX S g o e i N R AT AT

1EGREE AT 75 20T 2 TGRS S ST, A S . NS (B Ty 1 SR
PRILLR ISR Rl BOE BB, FEXE % & UL I 4058 A B AR g AT AR A T

NEEHIRRERG, BEFERGHEAR (DIC) 5E#EB AL &, HHRA DT
K. RIGHT, KE WS RN (WS 4. 5) RXUEFES], LERE g RE L L L
REHE CRifE2) 02 -0.5 mm) , fE4 DIC [HERERFRICEY, R FEF, XUH A5 mid kg
RO [F)— I 2 LUAH [RI M2 R B F 46 R4, 103 R 5 I8 B AR AR (0 B fih DL B AR (i 92 3k 23T,
o FRARAL, BRI EEMER R TR, NS S AR YIS U R A T R AR S

- - - - Y 123 * _
¢ X | ; r
* -6

(a) marker points on the bird projectile

1

i

L]

1
. * bird projectile outline-T1
*

1
[

‘_—-._,—‘ﬁxlurc top
T n
l'nmpacr peiny -
S velocity-normal : H
S of H 1 ——————
g = H .. W --

1

xt TP cut length of the bird projectile
fixture fixture ffective length §
\ directio \ total bird length
typical composite component
Camera 2 Camh s LA
(b) method for calculating the impact height (¢) flowchart for bird-cut amount calculation

& NUI S B R R SR BB
Fig.11 Quantities and schematic diagram related to bird-cut ratio calculation

B o T e G RS €1 L AR SR N AN O N = A R R R R e A G R
ZH. HEVISEREABER T BRI 6 1045 2 A i i 20 ) BRI 2 2555 1 T fid ok
Bt g, WHEAL (b) . EIhas REGZIFEZRT 0 ZI B L8 5ok B 1 LA 2155,
T AR AL 40 0 SR DA i o AR P AR ISR RS H (H R &)« h A TR Bid%
B B FGeE A\ H 'S h RAED Y &t o OB BGRERE . SRS HRARL 3 d R e
iAW A S S, WK 1L (o) s, B3 EF bR SRR E, &
2 R IE A LRI B L T 7], AR 52 S s sh A R T ). ARGE R T f B B EI G S
KHB I 2 e, TSI BANIDFE BRLRL gy K E BNV R AE e BN 5 B0 £ B 28 e L T
A BE R, R R AL AR U S mi. RJE, Gl SR AMUbRIC AR BRI AR 2, R
WRECERZE T1o K T1HNEELI AR R 5T G AAS, SRIHIAR LR T2, U T2 #D) 9 5
ECIPER Ty K S AR L SRR BE Ly BN RS A i K B Ly, R ROKRE
FRUASR R e, BIREETHIY) S E co MRSERITHE AW T:

H = HH—:h X Ly #(1)

oy



HOE YO R
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

%ﬂ

#(3)

3.2 ML R M RARBILEE

EXF 4 mm EEAEMEICHSCERIT S 500 AR B B E . AR RS bR iR K
EASA (CS-E 800 Bird Strike and Ingestion) % AH ¢ [ F Hyu RO A 38 57 25 40 K1) 43 5050 H bR, #itik
B4 L B pp e S T, N T T (4 175 m/s) FIDW I (4 195 m/s) HEATIR. Arfs
THUN SR NS AN 30° , DI EIEHITE 90% - 95% A, kI B A TH R 1. RI6 T2
s TR ARG oL, JREE A ¢ PRI AR IRAS, AR
45 B BB A TAE IR S5 30AIE .

#1 R AATRSH

Table 1 Detailed parameters of test conditions

Test condition ~ Impact velocity =~ Impact height Bir¢/ tio
(m/s) (mm)
Condition I 173.5 88 5

. 1954 88 4.1
Condition II i)

Do
TH T BRIRSEPRSHAR N 4 mm JEEAL 173.5%)& 93%, ififafE 88 mm,
PiEZHEREAFF 5. REAHEA C Afs R DR i T 77 8 o E 6,
FEPRTRIELY 2 ms 2470, DIC 1845 FR A i KT A %w 23.3 mm. 5= ERR,
ﬁﬁ*ﬁﬂ%ﬁi}ﬂﬂE’»J%)%’?jﬁﬁ&iﬁ#ﬁ%&%ﬁﬁﬁ@ﬁﬁ@‘ 57ﬁtﬂuﬁiﬁnﬁt3‘* R SOINARE )RR
MR A 2= BRI, A IR 2] e KA mm, I ZITEAL R 5 A KRR S
IR BRI, BRI BIRZEN 3.24% (a) Fizme
THI: RIS HN 4 mm & RE 1954 m/s, V& 94.1%, #hdimfE 88
mm, 1 JSHEEH RS RS S8 — HR PR T B, RS H th7E SZ B i)
BT JUZ BB B2 E05,  HAErR it 8] 2 ms 245 I B KT AMY A2 208 30.3 mm. 175 EL i A
LL%ZE.JKTE*HHHT?UE?j(ﬁyM_ﬁzjj 30.66 mm, X LGiEe HHE R 2 1.2%, Wik 12 (b)
fim. % C g R 50 1A Byt 2R 0, (TR M BRI E . 4R R RS
Bl 500 25 S ok — 5.

30.66

ﬂllﬂ] |
1.1
1121 _ Clamping
0 region
-17 |
¥
-1

tion
damage

" Clamping
region

Sim

0.2

(a) Condition I case (b) Condition 11 case

B 12 156 X P H AN = B (i) Ry 28t oA (A
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Table 3 Material properties of the composite.fan blade

Parameter Woven ply Unidirectional ply
Density, p(g/cm?) .56 1.60
Longitudinal Young’s modulus, E;(GPa) 75.0 146
Transverse Young’s modulus, E,(GPa) 75.0 8.01
Through-thickness Young’s modulus, Ez(GPa) 4.0 8.01
Poisson’s ratio, v1,(-) 0.08 0.32
Poisson’s ratio, vo3+ Vv13(-) 0.20 0.30
Shear moduli, G2+ G31(GPa) 6.0 5.06
Shear moduli, G,3(GPa) 6.0 3.86

R4 WIS RIAM RS
Table 4 Material properties of the blade leading-edge strip

Parametet strip

Density, p(g/cm?) 4.44
YoungZs modulus, E(GPa) 109
PoisSens ratio, v(-) 0.3

RS GBS

Table 5 Material parameters of the gelatin bird projectile

Parameter Gelatin bird projectile
Density, p(g/cm?) 0.95
Bulk modulus, B(MPa) 134
Constant, y(-) 5.35

% 6 JCHH 45 WAk S5
Table 6 Material properties of 45 steel used for the clamping fixture.

Parameter 45 steel
Density, p(g/cm?) 7.85
Young’s modulus, E(GPa) 210
Poisson’s ratio, v(-) 0.3
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Table 7 Interlaminar interface material parameters of the plate

Parameter Cohesive interface
Density, p(g/cm?) 1.58
Stiffness, K[, K][, K”](GPa) 1000
c 30
Mode I strength, 7;(MPa)
¢ 70
Mode II strength, 7;;(MPa)
c 70
Mode 1II strength, 7;;,(MPa)
Mode I fracture toughness, G;.(N/mm) 0.6
2.1
Mode II fracture toughness, G;;.(N/mm)
B—K parameter (exponent), 7(-) 28

R 8 HEMERFRRA R 24

Table 8 Material properties of the composite laminate plate specimen

Parameter Wovenply Unidirectional ply
Density, p(g/cm?) 1.56 1.60
Longitudinal Young’s modulus, E;(GPa) 75.0 146
Transverse Young’s modulus, E,(GPa) 75.0 8.01
Through-thickness Young’s modulus, Ez(GPa) 4.0 8.01
Poisson’s ratio, v12(-) 0.08 0.32
Poisson’s ratio, vy3+ V13(-) 0.20 0.30
Shear moduli, G2+ G31(GPa) 6.0 5.06
Shear moduli, G,3(GPa) 6.0 3.86
Longitudinal tensile strength X (MP3) 1370 2160
Longitudinal compressive strength, X.(MPa) 564 1290
Transverse tensile strength) Y (MPa) 1370 45.9
Transverse compressive strength, Y .(MPa) 564 226
In-plane shear stréngth, S.(MPa) 120 99.3

Equivalent Bird-Strike Test Method and Fixture Design for the Trailing

Edge of Aero-Engine Composite Fan Blades
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4. School of Civil Aviation, Northwestern Polytechnical University, Xi’an 710072, Shaanxi, China)
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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 experiments 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 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 cutting 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 expérimental and numerical
results under various impact conditions, the accuracy of the numerical modgh is fdlidated. Using the
experimentally validated model, sensitivity analyses were performed with respect\to, the test parameters
(impact height, impact velocity, and bird cutting ratio). The results show thatywithinsthe controllable ranges
of parameter variation in the tests, the changes in key impact response mettics\of the composite plate—
namely the peak displacement at the upper trailing edge, the peak diSplacément 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

15



