5 30 B 5% 4
2017 48 A

W T ERFR(A RHFR)

Journal of Sichuan University of Science & Engineering( Natural Science Edition)

Vol. 30 No. 4
Aug. 2017

NE4S:1673-1549(2017) 04-0036-05

DOI:10.11863/|. suse.2017.04.07

BiE CHLXE B ER U R

A =

F a2, RiE

(P R =S AT

., BRI

Pl B 618307)

& E: B9, BRARMMELLAWERREFZ—, WK BFL ML L AT EERIE, &
ANBT GF ARG H LI, A A LS — DYNA3D 3f & 38 AU IS #AT HAA I, 8 i 2 kLA R
T RSB BB R AR 3+ AT B RAB LM 6 T AL A 2R Ty TR R L AR e B | B koK
FhHEAG@RE REFHFELER, BAERRN, BRCNRBRRELEZD TR FREN £5)
N FATH A H A2 5.6 ms, f£ T=1.8 ms B 2], RA5RZ 69 A 2R A kK, % 8.304 x 107 Pa, & 45
A7 it A E] 15228 x 10" m/s”, BT, B R IORAS Z A P AL S T, 47 ) A5 A4S B AR ) AL AR,
L oK AL A Fo 5 B R S A B P 08 % B B 385 SR e 0 304, A A BB AL DL SR AT B3R R4S 4
AT, TR AN B TR 3R B AT LR AR LA, ) R ARG B 4 AU IE R B R ALY T ik

SR B b 3 5 AR i
5 %S :0347

il =

s il PR R R AT RBLRCRE I, TERT
B EAT A X, WA Sh @ g, i TRl T
PR RRFRUIN, MLALZERE A % 2 B B N AL S RS R
AR TR 2 R AR IR, G R S i R A
Y€ SO < ANV A T 177 N D I o [ Ny g
By g QHLAR ™ E AR RO T S A e i ol AR AL LA
L 5 5 RHURIHE AR I K o GE it [ A Ah 5 fi S ]
R, AL R I 2 2R 5 f S B R B R, e AR R AU
R SHLFSOL A L 2 R, Pk DL T2
R AR A L R VR O T RL LB
S FIRERE AR, SR St JE R A KSR
WML BRI AR, B G R B AT R A iy 2 4
SCGRAIEH T X TR | s AT i 4R,

W is B EA:2017-03-14

MERFREAD A

PRUE KPS HT B FEE REGA% AR 25 T 20, X R AT 2 4 7
AFFIRITE

N A G e, A R RS
o AR AR AR A JaR T IR B A i, — R 4R 8 R I
EIpE SRR LSRR U 2 4 N /P B2
PG HMARSAR LR . T H R A BLE 20 B AR e B 1%
figp R TR ()L, PRLEE , Ha AT 45 R A 1 AAE 225 14l
XA A L T 58 A RS DL 8 A A DA 1o 2K [ AT ) =
D R N 1N a3 N
R A, 2 AME SR AEBR ), OF A BoA .
AFR [ N A b 2R RE A UL DA 7 5 % 48 X4 ) A )
FEIIE, G0, ZE5E R SR TG T I 98 ] L1 6 11
RT AR L B G 1 15 488 o RO TR £ 725 s Yao X HL 25
FFET ALE B30 #8505 36 0 1 B AOAS %2 15 48
i, ASCOM A LS - DYNA3D B {E R fif T H 53 #r 15

HETH: B R AAAF AL RMIESAR AL A (UI1333133) ;w4 & F /TAHF7 B (16ZB030)
EEBNT: 3 2(1992-), B, ¥l RAA LA, £ BRF RAK bl B85 k77 @69 FF 5, (E-mail ) 1171085449@ qq. com;
RIEA(1965-) , F 342, Al &, 22K F RIDAT LS AU GE R FH AR 75 @ 69 #F 7, (E-mail ) 2494238988 @ qq. com



% 30 B 5% 4 4

F B 05 AR ST R 37

SRS 2 B 4 i [R) AL, $ HE T SR DI TR 5 B0
A B 488 ) LA B 07 3%, G 5 B AT AR R T — s Ay
B

1 RAAERE G A

ASCHEST B TRAIL A RST8] 9 XUPS A B e AsE 7Y %
A R TR AR ASE Y, 3 3k DG B 2 B0k RCHE A T BB AU, 8K
L3R 7R e A5 1) 9 475 L 205 SR 15 DA 1) S92 T o 4 SR
ARG .

1.1 EriEsR

T JEAE Solidworks2014 g7 42 RoF XU BRI DA K
EARERL T RS S B R o S B A
REFNRAOE 2, A 6T RS AL 47 16 4k, DAY 29 850K
fifIF 18], e SR 25 A0 B2 2 S EO T I AR IR I 2 0 X
PIA PR CAEHIINE 1 R, KA RLR 52 5o, XA
AT DATE RSB UL B 42 2ok 52 v B 25 B L5 381 XU 45 440 11
NG iR DL K AT R A LR B IR B AF S A PR RE s SRR
FH Pty 2 BRI B A AR, SRR IR 0, R 5 AL LS
- DYNA3D w7 R & R 73

B1 SEREERTKEE

1.2 ENXESH

RGBSR AP B Sl A ) MR LA S B3R 1,
SRR — R FR B I 3 bR CIRES R AR L
PR B =25, R4 CCARSL. 117 Lz , 78 BE HL 3 o0
7.5 kB P B 4 B 700 m DLR, KM AR RO A
AERE ST 103 m/s, PRI, AS YR 0 FL R 4 3 Ry 83,3 m/s
(300 km/h) , SACR FIIBVES J12p kLS o A5 XeBFoT
B FEAR I RATARME T, AR LU T2 e AN 1 20, 2
PREESEINES, 7] DL 2 AN 511 K S IR B AR A TR
AR [ 4 2 ) 1 — bR A4S, R B, Y 5 fE K T
250 km/hif , S AREEAS b Ry Fr, 2B M IR AR
W %% — B 900 ~ 950 kg/m® Z [, AR Y1) FL 15
PRAHRL BERE R 900 kg/m® AR R 0.3, B AR,

RS T SR RKAR LI 221, ML AT S (R 5 o | %85 A
TR, AT AR S R K BE o 250 mm | BLAR 125mm, $5fit
K3 * CONTACT_ NODES_ TO_ SURFACE , B i) 25
0.9, 2 EIHE Y 10 ms,

F1 REHARSH

I IR JEIRIE Y REUNTy B
/(kg/m®) - /MPa /MPa /MPa
1190 0.35 68 78 3150

1.3 REBFREH

SN N E B B S o s R R oA T - B e o
KM, AT RS T R A S X 1 R
LTI i E SR AL 3 DAY DL B L3
SR S g N NS R VA AN A2 R S
HATR], 55 1 6 45 R B AT o AR SO 3L B 2%
1 7RG , SR RS T 10 % 58 4 8 52, Ja IHE 58 42 B2
SCHA A R AR 0 JE % 08 T — Bl IR
N A F RO

2 BAEHEMLE R G AT

TR 48 XY R ) BT 3 A, TR, % 5 4 X
PA AR e S A 1 KT 38R | T R R L KT in R B A B
T 0038 o ] A2 A i R BE AT A3 T BIE S B 3
UREY b = AP BRC, T 24T T S BT R 2 1R
RN s T A T 2%
2.1 MABRSH

P2 s o SR DLE R 83,3 m/s i i RATLKUPY i)
PN LR, AE T =0.0018 s BFZI(E 2(a) ) , 1T 5
A ik DX 5 ) 38 E A K, 1 P T XU 1 o o B o e
R A5 LU AR o 4 s [0 P 7 A2 A v 28 Ao 12k 5
T RAB ™ MUSE AT 18] T L B I A 22 1 4 XL 7 8 4
Hh AR AU 7R 32 £ il 2 A s 2 R g WL, L g e
{4 8.304 x 107 Pa, KZFE T =0.0042 s W% ([ 2
(b)), 1 T RS 5 IICHE 45 32 PR 20, 7E R 2 Ak s B e K
I f7,iK%3.872 x 107 Pa, [fi# flf i B H5 L2047, 15
PR i e i — 0 0 B XU BT, TR, R T ik 5
PRS2 [BIFFAEEAE IIVE ] TE PR AR b AR 2 THAE S
R—E W Rg i, 25 G R AN PR 28 0] 00 5 1Al
M R, 16 T=0.0056 s([&2(c)) NAZIE, BikY
DAPS A Rl VT 45 o, 70 KURY e 26 il 48 ) PR o o
LTI T d5e KAB, AHL I B 7 g 06 R L D 4 f i 42 1%
], BB /N TP 2, 76 T'=0.0085 s B2 Z J5 , 76X
P A s BN, T 5 KA



38 w9 ) 22 T SRR AR (B AAFIR)

2017 %8 A

(h)T=0.0042 s

(c) T=0.0056 s (d) 7=0.0085 s

E2 BiEREEAE
2.2 BEEREHTHESN
BRI i A Ao R A 2SR B 1] 4R
HEERAR AR IAT AT BRI AL B A
2l PRI ANl 3 RIAT 4 B AR g A P A B 4 X
PH I R E T 2N Sl A R A A AE T 4 s,
W5 A I ) T8 8 I, 5 A P 7 (L

00 & 1 B R S A Al 2k

80 N e
70 \
o] \
50 : '\‘ . R

0 0.002 0.004 0.006 0.008 0.01
i) /s

B3 LGfkFREZNAE

IKAF-J5 1) B (/)

40

TR B I I A e 2R

50

Ay

40
30 T
20 +
10

1/

0 0.002 0.004 0.006 0.008 0.01

B ] R (m/s)

min=0 N
max=6.072 i /s

B4 SUHEEREETARE
WL 3 AT, 7E T =0. 2 ms %], S 065 KPR A
il , S BOK V-5 3 1 3B PRE D, B T = 0. 004 sif
2, SR BE M 833 m/s B/ SO /s, iy TR
R HEBPERE S SRAC AR, 32 31 & il J5 22 W OR 3R 23
hlr B, RIS, b S R KU =2 i) A7 A BE 5 1

WAL — AR > SR RE &, Y355 Rl 3 45 SIS 7K S 3k D
/NJg 45 m/so A4 AL BT S KR R A TR R
o ) B P, 8 5 1) R 7 32 1 ok T 2 K B
5 5 A By 1)k B TR GE R 31046, 072 m/s , A1 T REXT
DB HE A o SRS XU IR, K 5 2 0 e 2
AR 5 S51E 6 P,

R LA R A A Al 2

8 /\

-2

-6 (v
—84

-101 /

0 0.002 0.004 0.006 0.008 0.01

min=-13243 -
max=0.11446 B Til/s

E5 BfkFmEEENRRE

A Ay

IKSFET7 15 I JEE/ (m/s ) (E-3)

16 L B S

% d {ases
& 124 i

:2 104 |

s L ~C

=Ll N

# \ X

) _20 0.002 I 0,064 I 040:')6 l 0.0(:)8 I 0.01
s Bt/

E6 SHEEMEETLRRE

HI 1 S AT, 5 5 XGRS R ], 5 R K7 O o) fin
FERGEH R, T=0. 001 s B2, 5 (R KPS 1) fin i B ik
FUIARAH 1. 3243 x10° m/s” 7815 0 5 KU W2 il 2
AR, hg RS 5% ) 2 e SR PR B ) o S i
BSR AL RIA B BA W IS I  RE E R K
ZASTE PR IG A A 1 R I T SRR , BT S RE 11
I AR ARG XY R el (R 2 R XGRS R
RE S PEARVE R, S i oh s R Bl sk s/ )y, Rt 2k — Ik
e Bt AP i BE WA N 6.7 x 107 m/s” T B 7 1)
i EE AR /N B 7.8 x 10° m/s” . 7E T =0. 0056 s A
205, T AR A T e A, (A5 in o R R A 1k

SCH PSR B RF S BT, 325505 B KRS R A% 5T
(iks AR A R L AnIEL T TR, 43 e X
Pi5 SRR il oo oo RS S Bk RS
Fefih =0T, KSR M5 BT R BT B A RO ) EL
PEHATURB AL PR, 15 B SR8 A RO S AS A R



%30 £5% 4 M

B 8% B RO S AT 39

np 8 51E 9 B

B7 REEERMNERT

PSITE BB 2%

wE
5 _A 581
1 .B.721
’gl\ _C_881
= 09
E
B 5
g
E
= -10 4
ff
s
-20
0 0.002  0.004  0.006  0.008 0.01
min=-0.01757 X
max=0.0055374 I/

8 MM ATBTUTTRE

%0 DR BT A B B 7] 28 Al i £

L
—A_581
B2
& _C 881
2 60
=
)
&
R 40
=
= L “-B..
= ¥ '
€ Bl 8
20 Ty it
o § Y 4IRS
DoAYV N
/N
I .
.0 0.002 0.004 0.006 0.008 0.01
min=0 s

max=7.5273e+07
9 REMIEATHERNNELHTE

HIP 8 I, B R 7R XU 1 T B IR U fih S581
S721 ,S881 =AN4% BT, 1 T flf 481 ik 7 v 1 A5 B
SN TR = AR e A A BURE IR . S A e
HefhREAE S581 5 A% I 7 A il e i e , 141 7 1) S721
F RIS FEOE RS AL AL RIA ] 17. 57 mm, &R0
P3| S881 AR fie 28 BT XA o 1 fi R o ot i M
WSl (A SR RE I I B, — B SRS B R T

S RA B i R AL, RS 6 SR 23l 1 W R YR AR T R
JRER X RS 72 A IE 1 A AR T R KA ik
F)5.5374 mm, WLGEREGRERYF] A, XUES rproc i 2 KUY
WA e , W A FH AR AR 7 (1 o 17 8 T R
B, 2 b 3 B0 RS o B AR 1 B )
VEFI i , 3 B S721 5 WA (0 B AE T ik e K. % b =
S 2N RS I8 0 AT, RGPS e KRS AR T A5 B 10 70
5 XS R [ G

p1 P19 BT, T RS SS8 1 [RIAR S fi T 2 ik 5,
FE P4 Ml ik 1] 55 ) oo Bt doe R, 3 BS0I2% KUY I At
DB TR TN T e K, Fe RAB A 7. 5273 x 107 Pa, %5
£ B AR B 28 T A 508, ) sl ARt w0, KUY I
w38 5 AR T RE & A IR R AT R O, 7E 1
TR R R AT =i e S

3 % ik

ASORT CHURPES RSO 35 LS - DYNA 23
RE5 47 OIS S5 P BRGS0 1% i L4
Bl AR, BB F LA S

(1) WABUR I BRI, 22 7 =0.0018 s 521,
LR AR R B 1

(2) AR R R 2 1 P T8, B 0 o
WHE (85 G RLRR 3551 17. 57

(3) L5025 BRI (015 A1 25 7 540, B
A 5 0 B (B TR R LA
BRI, L 9 A B T 22 R, 51 55
e e T

AR, 5 B AL L 2 I 5 0 7 2
5, BT 5T B T 5 0 1 B 77 43 BT 5 5
I, 5 PO 7.2 IS T AL, 125 e 1L 9 5
BT ™) SR K 45 R, 7R T S SOR 7
1k, FURRIL T 47 AR 2 A B, R REEL S
W 5 R A, 1R, SRASCHCECEADL 5 4 B i
o4 2 097 3%, th 0 EL4E S I R O F,
HE FDRA S B B P IR0, 42785 S SO A R
BTN R ST

S % X

] RA®A FXBRMLLEMRERED HF o
M5 EMIER R L[CY/F BRZ RS L. F
TRARKRHELL LA FRESNELEL2011:
1101-1111.



40 W I FRFROARHAFIR) 2017 %8 A

2] ® &, T4 IR F F K T ANSYS/LS-DYNA 447 [10] kB4 &3 AR 3@ 5 4 545 LXKk

Sk BRAZ A 1) B X AR $e by B AL [J]. W )1 T & HF 7 [D]d % WALEALR K F,2009.
FRFR AR FM201528(3):11-15. 1] A CMERLEHRERE XTS5 2> [D].é&

B] EALL ABMHEABEF HEZRE MR E TR o RAEAMR K F 2010,

Bk 3 S FHE T ALE FR,1991,12(2):27-33. (2] sk kKRB MNEA XA TALEHKRE Ko

4] £2x2&,FER2. CHURBENH BE TN FEIA B RRAFRRS F £201534
2% 4R,1991,12(2):73-78. (22):103-108.

[5]1 YAO X H,ZHAO L M,LIU X M.Numerical simulation [13] #rhh 2 F 9 M X E 5 RJA CACF BAT 4 & 38 4
for arc windshields of aircrafts subjected to bird 1B M BX B B e [J .46 30 55 oF £,2015,34 (14):
impact[J]. ki R i8 K 5 % 48,2004 38(21):147-151. 172-178.

[6] k> JE, 35 5% 7K e iy, 5. R AL R IR 3 40 & 48 K I [14] LIU L Z,MA Z Z,PANG S H,et al.Investigation of
R [J.#%3h 5 & £.,200525(5):417-422. the bird shape effects on the simulation results of

[7] @&&F A IR BEMREFE KL TH K bird striking laminated aircraft windshields [J]. Ad-
R FE £#.200527(1):14-18. vanced Materials Research,2012,418-420(6):72-76.

[8] MEGUID S A,MAO R H,NG T Y.FE analysis of  [15] 2=, 3F A% 4k 8L R A B #8675 ik o) A6 HH 4
geometry effects of an artificial bird striking an aero- B B R AT [T HM K3 F 4R T F 5R,2015,
engine fan blade [J]. International Journal of Impact 36(6):76-79.

Engineering,2008,35(6):487-498. [16] x| R%&, % EF FBEKL, %5 RE4HE A E GLARE

O] E XA, 7 0,308 RAUR S 2 M 42 B 345 Ao A1 JE A AR 04 A B b AR [T ] ALAR T A2 M
5[] &b Tk X3 5248,2009,27(4):481-485. 2016.40(5):105-110.

Numerical Simulation of Bird Impact on Aircraft Windshield

LI Dan, ZHAO Tingyu, WANG Yonghu
(Civil Aviation Flight University of China, Guanghan 618307, China)

Abstract: At present, the bird strikes is one of the important factors that threaten aviation safety, and aircraft wind-
shield anti-bird strike is an important guarantee for aircraft safety flight. Firstly, the research status of the birds windshield is
introduced. The numerical simulation of the birds windshield is carried out by using LS-DYNA3D. The deformation, dis-
placement and effective stress of the windshield structure, the possible damage to the location, bird body level, vertical
direction speed, acceleration and other data results are calculated by establishing the full-size circular windshield model and
the bird body simplified model. The simulation results show that the wind impact of the aircraft is in the order of millisecond
nonlinear dynamic behavior. The whole impact process is about 5.6 ms; while T=1.8 ms, the effective stress on the wind-
shield, which reaches 8.304 x 107 Pa, is maximum , and the vertical acceleration of birds is 1. 5228 x 10* m/s>. At the
same time, by selecting the three grid elements of the windshield, the displacement and the effective stress change process
are obtained. The displacement and strain results show that the center of the windshield is the most dangerous part of the
bird; and analyzing the windshield by the numerical simulation method can reduce the cost of time, improve the efficiency of
the problem, and provide a more effective method for airworthiness.

Key words: bird impact; arc windshield; impact dynamics; airworthiness verification





