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Bird Ingestion Test and Verification of a Turboshaft Engine
ZHANG Yong-fei, JIA Zong-yun, CHEN Wei, CHENG Wen-giang
(AECC Aviation Powerplant Research Institute, Zhuzhou Hunan 412002, China)

Abstract: To study the influence of bird ingestion on turboshaft engine, 3 bird ingestion tests were carried out. During the bird
ingestion test, the birds were shot into air inlet duck by air cannons. Meanwhile, the highspeed photography equipment recorded the running
path, the strike position of birds and the engine deformation process. The test data shows that engine parameters fluctuated by a large
margin, the fluctuation continues about 3~4 second during the bird ingestion. And power recovering steady state needs about 5~9 seconds,
but engine parameters reaching ultimately state needs about 90~95 seconds. After the test, there is decay of engine performance. However,
engine performance get some recovery by washing. Through boresoope inspection and disassembly inspection, there isn't bird's remains in
main channel. A blade of the primary compressor crimps and deforma.

PDF pdfFactory Pro

Key words: bird ingestion test; turboshaft engine; air cannons; high-speed photography; performance; crimp deformation

0 35l

Bl AR A SR A R s AT B, i
HEE R s ORI L st ST e & o)
ML 44% , BLEL 30%, $4 X35 E 13%, KL
Tl 8%, ALE 4%, PFIIL, U2 & shAL S f (a4 57
M, TP RR SIS AR A B .

FE5MT 20 tHag 50 AT IR AT & S DL
BiIitst, T 70 ARCRIFE & SIHLES SO rh 48
B 2R, A SR R T AR H i gk [ 9 i
G 1C W & SHLT 1986 4F5¢ AT SR 0, il
it ik 700 F1 XWB 55 & st 56 i Ar ik

A 20 thag 80 4RI IR AT R il

EIREIIE . RRWLT 90 AEARHIN A& SHLAF ik
PEAT T PRAATIAR; BY6 96T 1998 AR LEAR e IA T4
FUL 2 T3 FE L A 58 KUR ¢ Sl A 516 2 M0 2k
BRI 2R, E F 1999 AEXHIT S K SIHLE Sk
BB TR 2K, PR S K Sl st e B s 25T
JrERIAERT H rP® BRER T 2013 AR AL i Ak shpLAT
SIS T IRROTIES, OF T 2014 ARRIHEST T
K AWLE T S, T RAFE 6 A 7e58i b &k sipl L
PEAT T A 1 o AR EE TR AT A2 K ShBILEEAIL
EEE N v W O

ARG F R & Sh LRI R , 25 N A
BUA GRS R R LA S M E P2 30, AT
TR R LB SR SRk

5 H #7:2017-03-01

YEB R 9Kk ) (1985), &, AL, TR, i s K AL AL B AT 5T T-AF ; E-mail : zhyfei608@163.com.,

SIS K C, DR, BRES, 48 S T R SR L i3 S B il [T] A 25 & 8B, 2017,43(5) : 62-68. ZHANG Yongfei, JIA Zongyun, CHEN Wei, et
al. Bird ingestion test and verification of a turboshaft engine[J]. Aeroengine,2017,43(5) : 62-68.

www.fineprint.cn



mailto:zhyfei608@163.com
http://www.fineprint.cn

PDF pdfFactory Pro

4 5 1

KoK QA R R A ST S S e 63

1 R AR IEIEF
1.1 RIE& B

N0 Ly N T B AN = 5 A s WAL )|
B, sh Syl Rl O R TR Bk o B A (Al
BESML b= SRR EE S iR 1L 3h 45
ZH A
1.2 KEA

REG IR E S, FEH TS ARA
g G E ARG KRG R RS R AR
5 ARG KRS BHREM T BN RS
N
1.3 EFEWEE

T IR0 L B S A AR, A 1) &
SALE T3 SR P S | [R]sE) FH s 4  2 Ei ok
LA P o T S IE i i S VAN W gy | A | NSO
FEXT B (1) S A T
131 AR

S T R ORI LR A R R
VIR NI S AGHE: =4 &5'e L /DY A E ¥
A

HRAE A S g0 BRI A T4, i <A M
G AE R S TGE N SR 2 ] IR,
K 2 AR 1 s P LA R o B 0 i 1) & sh L
HEE 3 5OFN 9 w5 ) 2 SR ] AR A 4R A 1
H 60 ~ 110 g 1950, 545 S0 B A 1 R,

HAH HERUESNMR

(,\/ -
/kJ Y

e

Bl BRHGE

132 SR E

o SRR . R AL R GOR AR AL A
F BT (LED ATHL  TAESG S A, 1T
XIARHLAL S BN W A, 10 o e i iz 2%
P PO T R DL s Has T il SR s
AT HEATALEE, I AR SE SRR W K
WOTER , FrJ VAR B ALIE A7 B A S A TN [, AR

JEHANR 2 B o

AL )
e — S
b ;
™~ e L e

\ . /
IR

B2 SEESNTIERE

1.3.3 MThes

RAHLA B TR RO R D) #5254
SETE R BRI SR i , 538 0 ) S AR FR K, ™
15 5 B0, AR a0 75 SR % FH B HE S /MR I 3
o LTS D)t 2k 5 & sh L T AR FI ARG,

LGN R 5 R 5 1 A S U A

T,
1.4 MEIEEREELIE
1.41 MK
TR T iR A MG LR 1

®1 FEMNESE

B AR RYKEE
KT +0.25%
A A +0.1%
FE IR B : £0.2%, # % +0.35%
P3P AR +5%
BB IC AL +2%
SR T +0.2%

T I 1A <400°C: +39C;<950°C: +4°C

1.4.2 daabr

MERESE, R RE RS THIRRE R
EHAALT 4 Sals/ch, PERES R 3 ~5 s WA 3)
AR YE X 22 SR IRAR 5 2 a5 e R R )
SR RR M

Xt A RES AL, th s AWM R G TR
£ CRFESUEAMLT 1 kHz, J7H Bessel U8 % % 3F 17

RAWRSYERRSEII ARG . # ik A
HERASEAE T AT a3 .
15 RBiEEHE

RIS AT Dy A R R B S k8
LGB A . Bkt e L& 3 B .

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

64 m = Kk B Ml 43 %
K 22 RBHNARER
e KA A RSN, A ST T 3
W@@: T Wik, 7 5 TS S B T % S HL R P
m}ﬂ s e ﬁ‘/ﬁiﬁﬁ:iﬁgﬁf@?l‘lﬂ—l‘—o
2.2.1 RIS

3 HEREHR (L)RBSTERERIL, TRt % gL 2 5 5
LRI R R 2 B LE 2 5 BOORAE Z AR RS HERE S, 4R 7S 2 4

BATRIE, AHBLE 7 ) 53 3 BT 2 MR A, B4 3 min,
53 1 G0 SR B da o 5 R (2 S5 AR G T B 5 (2) DR AR . 76 1 s Y, Sz 18 1 i)
S AR T % WL T SR 75 A S LR 25 302 08 O T s e L 0SSR

2 RERNBERERF
2.1 REAEE
211 AR

TR AR g B 2 B EA TIE A A 2
B, &l RhHE R Al A, TARRS e T4, i R
2.1.2  SILAHIE

HRAE R R A% & sh e R RS 7 S
2 H & H il 60~110 g7,

IREERT K6 09 A SR S B3 5 5%, 10 116 0 3
IR A 7 ORS00 BRI, ) R A
HEATRRER , 1 SR g FH 5 9 BT FBE T B ], e Je s
A BRI | A % A& i sidLe . i
FH S BB L3 2,

*x2 NI A B RIHER
R 5 i / BETM I / ‘
L SHS . S B
hig=2 g min
) 15 63.46 28 15 34
o5 1R
25 94.67 25 25 9 /4
1% 110.41 16 15 34
52
25 76.74 14 25 9 /4
15 60.10 10 15 30
3K M
25 62.78 9 25 9
] BEEWE Vo LM VY B2/
R “
teg
e (kmh) (km/h) % i
160 159.98 -0.01 B
%1k
160 161.64 +1.02 HAEY
160 160.12 +0.07 Y B
%2 )
160 160.44 +0.27 BALY [ 4T AR
) 160 158.01 -1.24 LR
ER
160 160.38 0.24 AL ) R e

9590 ) R AR 46 T 75 B (1) B[] A 3k 21
BRI RS ]
K SHLE B R AR R L
222 RIHA LK
(144 2 DRI PRI E R 0.5 55
()EBN KL, EHEEERE, FEisafr 3
min, S TF B 5
()i sk R BIHUIR SR A s [|) , FRAR 2 3817 5
min, NP &R SIFURES 454

3 REHESHFT
31 F1XELIKE
51 UGREE S — R —/ N (£ 2),
JE s IS 05 e I N O VAT R Dt NS €5 oy
AR AL O SRR AR SR, £ S8 k&
Al WA 4 ~ 6 Fis

TAEr 2

0 10 20 30 40 50 60 70 80 90 100
T T T T T T T T T T

0.90 b
o
=z 0.85|

]

0.80
1.00
0.98

AN

~, 0.96
0.94

1.06F

51.04- g
= Lmp 3
1.00 p ]

s

1.02
101

ning,

0.9
0.98
1.01
1.00F
& 0.99F
\: (.98 |
0.97F
(.96

L L L L L L L L
10 20 30 40 50 60 70 80 90 100
tls

=]

HHH S

B4 ¥1RESHEMEESHEBL

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

4 5 1

KoK QA R R A ST S S e 65

0 10 20 30 40 50 60 70 80 90 100
1 T T
- 1.00[

& 0.98f V’\\'\ ]
< 096F \ ) e
1.0 1 1 1 1 1 1 1 1 M

0.94F
& 1.00k
B

0.98F

0.96

1.00F
& 0.98F

&

T 0.96F ¥ B
& 0.94F
0.92¢ 4

0.90!
(

Ao ]

1 L L L. L 1 L

) 100 20 30 40 50 60 70 80 90 100
. s

HIAE Y

B5 H1XEEHBESNSHHL

10 10 20 30 40 50 60 70 80 90 100

_ = =
L= ST - )
T T T

Z,,/(mm/s)

]
T

0} 10 20 30 40 50 60 70 80 90 100
Hift s

B 6 % 1XFEKWEINIRS L

Kb S8 TR NS E, BARS T .
NNy IR TR A A5G 3 5 ndng SR K Sl ML 1 il 2 3k
So/So ARRIMFETH A s Taol Tuso N HE RS 5 PIP, S K )
B Ij]%;ﬂlﬂo HE L 31l SR ; Pso/Psao
NGRS FETT 5 Zop R IR SHUIRE s Zowe 9711
WHEBILIE PR3N ; Zor S imAEHREN .

W& 4~ 6 Al UL, T 5tk Shilas SEUR 2L
S IAIFFLEL) 3.5 5. sl , SRR 292 6 5
(FREA 7 s, |FBLRRT) , S HOR B LRSI 8]
2570 92 s,

M 4 HAT UL ngng SefSio Tas/ Tuso 76 385 K-k
/N, B /MRS R AR B SRR PR E 1B 1T
NN PIPy Sl NI KRRG-S, fifim /Mg R
BEAGRENTF IR HPIRAS . L 5 ] UL, 2240
FelBl/ MR, i /N IR SE R HEAS 15 B A 5 U iR
&o BSEAMBAINE 3.

®3 F1RABEINSHETN
SR BB BRI % RLREE FYREEE %

nyNy 0.980 +0.71 0.980 0
nJ/ng 1.000 -0.80 1.000 0
St/Sto 1.000 +5.50 1.027 +2.7
Tl Taso 0.948 +3.27 0.950 +0.2
P/P, 0.899 -1.55 0.846 -53
Tl 0.974 -1.33 0.938 -3.6
nine 1.000 -2.60 0.993 -0.7
Pso/Psa 1.000 -4.80 0.963 -3.7

AT UL, 78 R SR S FR R FE T 0
R, N +5.5%, RS TR S0 N -4.8%, HES
TR IR R +3.27%; T 5 )5 , &5 S HA B R ARE
HS5H SATHEEA L, DPRBIK RN -5.3%, &
SHUH DR 9N -3.7%, R il -3.6%., &
SART AL, A St R PR S e B AR SIL,
R SR I, FEOESALE 1K TR
% HESCORLEE & FRT R IE R  FSads , S AEs
Bz B AE R LN CPEDLES 4797, i i & btk
REAL R SRR

MEL 6 Hal UL, 78 % shiLAF Sl R, iR sh (A 35
BN, FEEREAKE EHFSAPRES, HA Zogs
Zowy A S8, (RIS ZERRTIE N
32 E2AXRELKE

55 2 Wakge S —K—/N" (3R 2),

PR, S L SR B L ER . R
R, RS O ORI SR, 45 S5
B, K 7 ~9 FiR .

& 4 ]
& 0.80f M
L 1 1 1 L 1 1 L 1 '

R

z0.08) ]
5 o.06f ]

= 0.04F
Losf T

s 1.04F
= Loz} ]
1.00 ]

1.02
1.01F -
£1.00 MW"“MMMIW
="0.99F -
0.98 r 1 1 1 1 1 1 1 1 1 1 1 7

1.01
1.00F

E?[ 0.99 M%M'w:
= 0.98F 4
0.97F
0.96

ll() 2‘0 _’;0 4{0 5‘0 6‘0 7‘0 550 ‘)IO 1‘00 1‘10
s
FiR Ak
B7 F£2xELAKMEESH L

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

66 i %

3

! 43 %

0 10 20 30 40 50 60 70 80 90 100 110
D T L e B

2 100w ]
% 09sf ]
o’ 0.96F 1

094 L 1 1 1 1 1 1 1 I 1 1 1
1.00 |y

£ bk ]
R 0.94F _
0.92F =

0110 20 30 40 50 60 70 80 90 100 110

TRI 5 s
8 H2RELHBESVSH L
0 1

20 30 40 50 60 70 80 90 100 110

18—

Zyel (n00/3)

NI i e R
6 oA i
0110 20 30 40 50 60 70 80 90 100 110
- I s
S L "

B9 %2RELIKNBEVIRS L

NP 7 ~ 9 AT UL, 5 S 4 S BUR FU I SR Ta]
Ry 3.8 s, a5 , DRI E WA 2 7 s(Fae 4y
18 s, JG B REAL) , 2 SHGA BB LORA I 2] 93 s,

Kl 7.8 MBS HUB LG E 4.5, &SEEMAAR
L2 4,

R4 F2RBESRBEIVNSHTLE

S FEHEE BRI % RZOREMHE FEREEM %
njng  0.986 +0.91 0.986 0

ndng 1.000 -1.00 1.000 0

siSio 1.000 +2.70 1.033 33
TodTe 0948 +4.22 0.949 011

PIP, 0.836 -2.87 0.778 -6.93

il 0972 -2.98 0.931 -4.22

e 1.000 -3.10 0.977 -2.30
PPy 1.000 -2.90 0.951 -4.90

MEHRI UL, 78 R ShdL A Sad i HESR I
TR, A +4.22%, RS AHUBCRIE IR A -3.1%; 7 5
J& S SEER R LIRS E S S AT B EA L, TR
PR RN -6.93%, FRASHLE DR TIHK R -4.9%,

JE AR R -4.22% ., FHJEHA S 3.1 5,

NEL 9 Ha] UL, 72 & Sl St B SR B3
R, H, Zow 3K 2.5mmis, 75 1 5 3k S (8 A X Fa
T, Zoros F Zow, A 5188, (I 7EFRFIME Y
3.3 HEIXRBFLEAE

55 3 YGREE FH S PI/N (R 2),

FERES T, S A& sh LA A0 B e R, e
R, R SHLE O SR AT s iR 2, & S8
KAV, HERES B R SIS EL Hik sl i 245 ) an &l
10 ~ 12 Fi7s

0 10 20 30 40 50 60 70 80 90 100 110
T T T T T T T T T T ™

0.95F
0.90F
o 0.85F ]
S 0.80F ]
_ 0.98fF ]
S o096 ]
= o.04f ]
1]2 1 1 1 1 1 1 1 1 1 1 1
1.08} ]
e 5
%8g=_l 1 1 1 1 1 1 1 1 1 I-
1Lo1f ]
£ 1.00f
~ 0.99[ ]
0.981 1 1 1 1 1 1 1 1 1 1 ]
Loof i
£ o9 R
= TN
0.96} p
0 (10 20 30 40 50 60 70 80 90 100 110
HHHED th

B 10 % 3XELHBMESHEL

0 10 20 30 40 50 60 70 80 90 100 110
12T T T T T T T T T T ™

- E
2 008 ]
= 096 ]
a7 004
()'92 - 1 1 1 1 1 1 1 1 1 1 1

100 fri

PR T T T T
E 0.96 F™1
& 093}
090 N

R Rt A T TR T T T T e
0 110 20 30 40 S50 60 70 80 90 100 110
ts

FAELY
11 FIRFLSREESHSH ML

MIEN 10 ~ 12 HRT UL, 5 S4B B sl g
72224 3.6 5. ah)m , DIARIRIE T THIZY 7.1 s(FRE L)
5 s, B REAR) , A S AR BIRLARZS I ] 2 94 5.

K 1011 W2 HEE SR A 4.5, REhPLB
B 5,

Ml UL ek S S ad R b, HE G RE

www.fineprint.cn



http://www.fineprint.cn

4 5 1

KoK QA R R A ST S S e 67

0 10 20 30 40 50 60 70 80 90 100 110

Z,/(mm/s)
SR
T3
E

Z /T (mn/s)

Z,/(mm/s)

0§I0 20 30 40 50 60 70 80 90 100 110

Us

TS
B 12 % 3XREZIXKANIIRS Lk

®5 FEIRABEINSHTNE
S FYETEE RRUE 1% BZORESE TR 21 1%

TEAARIRLEE T TR 43531 A 3.84% .3.54% .3.19%;
TEVE G FEE 45 A 0.81% .0.85%.0.94%, 1 IL32 6,

R 6 ¥ IRELRBATEMELELL

WA B FEEATFE 5 JE
AN 2E1E 1% g1 2518 1%
A 0.804 0.773 -3.84 0.798 -0.81
i) 0.895 0.863 -3.54 0.887 -0.85
[N 0.949 0.919 -3.19 0.941 -0.94

3.4.2 TIFAh
ERFIE ZIRE AT 1.3 KE SR8 )5 it
AT D AR B WL 7.

x7 WETHRABHIRE

ndng 0.970 +1.13 0.970 0
ndng 1.000 -1.40 1.000 0
S5t 1.000 +2.00 1.031 +3.10
TdTe 0952 +4.73 0.949 +0.32
PIP, 0923 -2.17 0.845 -8.45
i, 0.969 -3.10 0917 -5.37
o 1.000 -4.10 0.974 -2.60
Po/Psy  1.000 -3.40 0.940 -6.00

PDF pdfFactory Pro

TEE R, A +4.73%, RS AUIERE DL IR -4.1%; 7 5
J& A SHR R RLRSE 5 ST B EAR L, TR
PRI -8.45%, FRSHLE FR I8k R -6.0%,
JEHIIS R -5.37%, HJER S 3.1 7,

i Eoa s e Sk, 2 H/ANS X A&
SIFLPEREIE BRI K T — K —/ NI 5,

ME 12 W] L e & shbL A Sad R ep, PR sl
AN, & SRR EARTRRE , BISTERRGIE N .
3.4 EZHNE LSRG ER HEXTEE
34.1 fhhE

RAIWVEEST L IR SR, e, 5
Ve, AR TR . 5B 1.2 IRE SR G TR A
W, T VA T RE IR R B S RTAIRE 5 3 IR S
RIS 5, K BNHLIE G , PR TR RE SRR AT3 SR A 7E
PERERE IS TG VERT , PRSI ] B SRR,

R RN B1RFEWRE  H3RESIERE
9500)) ARG 1]
Mg —HA[a] X1 1.115x, 1.423x,
rpal 23 8 Y1 0.864y, 0.682y,
IRBREE T AR ]
Z3 1§ —ra] X 1.026x, 1.592x,
rpal 23 g ¥z 1.031y, 1.082y,

Ml UL 7e Ay S5 5, A shpUindd #2
TSP SR (14 R 18] 329788 5 Dol 2o R ) i T e ]
AR IR ASE B TR AR R

4 REHFLIRISRIOE

41 FLREERBEILREE

R 5 2 fLFER A K 1 5 SRR AE h LI
2 SR OENT F k1A A HLIE R AL AR
AP TE T BN, 2 5 SRR AR DAL 7 SR
T Fy 3k 1 Ab S22 1.5 ANl RSP A B
P15 11 PRV 5 7 XA PR AR L I T X [T B T I
HIRZ AN TR o 253 Bl iz R & 2R 153 5
R A g L e s o L T o
42 F2REEBXBEILERE

R J5 2 LR A R 1 5 SRR A TR AL
2 SR RCEEMT i AL B FEL 2 A aE R L 2 5
SR YRR AE LI ; 7ES RN AN X 17 [
BET_EAT AR Z2 40/ N PRI AP B 5 A8 RS i
i DRl ol NIREAILY; 5
43 FEIXREERBFILHEKRE

RIS 2L A LB L JURESHMAA 1
R ARERA B AR, HARSRAY 1 F i iR i s

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

68 it =

3

! 43 %

B, e RS IEH ;1 5 25Re REFEHLIEZ) 2
ST IRIE R RTS 2 5 5 1 SO BER AR BN
258 ST MIRIE T R TS 7E 0 it Ab A D i
B TES XML N A HD S TE X [ e T A /i P B A A
I BRI
4.4 B oBRE

HEE 1.2 A S g ML R A 1B, R XS & 8)
LA T 3 R A

% 3 WG , KWLk A 45 AT FEgL
KALZE TR 25 2 HE 0L, X 2 H SR
1R 2 5 A5 3 iR 2 5558 1 |k
SHLL A B AR ~
(anfE 13 fim ), 73 —AH4R
1y R T AT A0 | A 59 |
202 mm; 5 2 e Fr
TR T IR, X
1R SHLER 2 A 55
JE 5 FRAHL O 2 I Rir 2%

-
2 TR B13 £ 1RESHMA
BRhLE, HANIE S mefRR
5 #ig

i bR s MM A DA 2598 -

(1)IRE 5 2 & BT A7, 3 % 8 A5 il 2 i 00
FR

(RS fE i, & shbl4 S804 1 Wik 50,
We SRS 1R 29 3~4 s, e dhid 5 , TRk 2 i [a] 2
1 5~9 s, %SGR B LORASHT ] 2924 90~95 s;

(FELE G, KPIMEREA I 4, Hoh %4
KK BUA B THEREK

() H S5, KB IE E FK E Ra S i
AE I FEAIC

OERF LA, S REM L, /NSEES A
T, X & shALPE RE 7= A KM, i & shAIL gt i) i
B KB 5

(6) 7 RL T4 B fn i K Sl , & (3R 2 2ok T
AT TR KMLHE S, SR 0 £ B — AN 2 ik
YNGR/ hiz

ASCWFFE AR 1T o8 [RI 28 s & sh ML 4K
Bt 5%

S 3Rk

[1] Nias Maragakis. Bird population trends and their impact on aviation
safety 1999-2008[R]. E.T004-00, Cologne, EASA, 2009.
[2] Turbomeca. BATARHIS 1C b3kl A B A& 6 4 € IR F 3T i 5 42 R).

Kb MTIHLE 5T, 1983.

Turbomeca. Qualification test and analysis report set of arriellC tur-
boshaft engine [R]. Changsha: Xiangjiang Machinery Works Design In-
stitute, 1983.(in Chinese)

[3] I & BB g [J] A zs Al Al 5 i, 1984 (5):29-31.
WU Daguan. Bird ingestion test of engine [J]. Aeronautic Standardiza-
tion & Quality,1984 (5):29-31.(in Chinese)

[4] B3R 3%, B, ZERI A IRURII B & SALEY SR 0], s &
B, 1998 (1):32-38.

GE Zhimei, JIANG Ximing. Bird ingestion test of military aviation tur-
bojet engine and turbofan engine [J].Aeroengine, 1998 (1):32-38. (in
Chinese)

[5] £, ByA 36, 4 W, 45.GIB 3727-99. itz Ll E iR
KIS 4t B¢ 301 i, 1999: 1-7.

QIAN Shiguang, GE Zhimei, JIANG Ximing,et al.GJB 3727-99 Test
of bird ingestion, aircraft engine, requirements for[S].Beijing: 301 Insti-
tute,1999: 1-7.(in Chinese)

(6] B, ) HIBE 3 s 6 bt 2 S AL A 1 1036 7y BB 5 3. R A6 8 17,2013
(2):26-29.

CHEN Wei, LIU Zhili. Study of the method on bird ingestion test of a
turboshaft engine[J].Nanhua Powerplant,2013(2):26-29. (in Chinese)
[7] KW, ZEHEK , 4 JKF , %5.GIB 242-87 fiiiZs iR F i3 fim ie il &

FHLIEHIMIELS] bsT:301 AT, 1988: 69.

WU Daguang, CAI Wangshui,JIN Zhaofeng, et al.GJB 3727-99 Test of
bird ingestion, aircraft engine, requirements for [S]. Beijing: 301 Insti-
tute.1988: 69. (in Chinese)

18] TR , 42 P Ay, B Hil L %5.GB 50454-2008 fiias & shtlit%E & i
THRE[S] AL 5L - A EE TR s ek, 2009:6-9.

SHEN Shungao, CUI Zhongyu, CHEN Danhu,et al.GB 50454-2008
Code for design of aeroengine test cell[S].Beijing: China Planning Press,
2009:6-9.(in Chinese)

[9] EA&E 25, e R G AR S AILER 43R s T 50 7 A
[]. fizs & Bh#l, 1998 (3):54-61.

WANG Changxi, LI Mingliang, LIU Xuanmin. Brief introduction of
some special ground tests for British and American aircraft engines[J].
Aeroengine,1998 (3):54-61. (in Chinese)

[10] Demers C G. Large air transport jet engine design considerations for
large and for flocking bird encounters [R].East Hartford, Pratt&Whit-
ney,2009.

[12] Goyal V, Huertas C,Borrero J,et al. Robust bird-strike modeling
based on ALE formulation using LS-DYNA [R].AIAA-2006-1759.

[11] Howard W D. Turbonfan engine bird ingestion testing [R].AIAA-
91-2380.

[13] Meguid S A,Mao R H,Ng T Y. FE analysis of geometry effects of an
artificial bird striking an aeroengine fan blade[J].International Journal
of Impact Engineering,2008,35(6):487-498.

[14] Kermanidis T h,Labeas G, Sunaric M,et al. Bird strike simulation on
a novel composite leading edge design [J].International Journal of
Crashworthiness,2006,11(3):189-202.

[15] Demers C G. Large air transport jet engine design considerations for
large and for flocking bird encounters [C]// Bird Strike North America
Conference, 2009.

[16] Shorr B, Melnikova G, Tishchenko N, et al. Numerical and experi-
mental analysis of a large bird Impact on fan blades for the certifica-
tion purpose[C]// International Bird Strike Committee.IBSC27/WP VI-
1-3. Athens,2005.

(Zhi - AR 30)

www.fineprint.cn



http://www.fineprint.cn

