L 2% Bl 1R

Aeronautical Science & Technology

Wi s b i 3 )1 2 F SR K
=:'$

X2, RSO, AR T2, B 2 Bs 12, gk 12

LrpECHLSRERZEE, BEPE PG4 710065

2. 85l g P ER A R T e, PP 1% 710065

B Bt FEEXEERVBARZE DR P TR ERN A R, HwHgEe, EELFE WL
EHEERH/EEFER CEEREFEHRE & KGN R 505 3 0 /DN FU 58 AL E 58 A R AT &
N EBATEM BRI A N FHE FHERN G ERG SR ENRNIARTE N R EEE, NHART Eo,
FTEHAHEBEET L BETE T ERRBHR T EE, MEEMFEhFE NV FERREMESFETER T
B R T AR SR AR, A A M 3 o A 45 A AR AR B B A v B AT 7 o, DA RO B s R o R Bt 7 ok B BT R
EEIRENBARUH HFRAEZ AR T EML TN RBEERR T E, AXHEHREH hEMERAREL LR ZNSF

Mar. 25 2020 Vol. 31 No.03 1-14

REEVREFERPETERETEHTLE MET TETRNARRA FRLTARNARES,

Kl =t b dish % RN, RER; BHR

hESES: TB122 XERIRES: A

MEEREE SR 5 nhili 3 g 22 AR Ty 24—
O3, B R 1S I BB AR 2 AR RS
I AR sl 2 K A I A2 S AT VT 1932 3l AT R IR L
T, SR B SCTE I 1 (0 1 138 AN A5 AE 1 Sh 25 w0 FERTAS
TR, KMz B A n] BE B 3] — R 51 i 3
J177 R, A RABILIE A /A LR S S
i BB EE A R A /DN XU K e
SERL, X ARSC A RN , 45 R A R 5 E RV | R T RAL
TERTARIE K SILIE TR R A B8R A 20K #R A B
7% JE AT REAY oh oy BT S, ISR UG il 4047 (0 45 4 13
T B ARG J5 5 TS i i 07 J 70 A i B A 42 4
PEVEATPRAL , AR A2 I 5 E A T BB S0 E

ot 2K il Bl g 2 SRR ML T i A A
RRET T 95 | il 2 A28 A 22 0 FROR 5 2000 Bl A )
(R BE A3 HT i 5 T D RO 2 s i b o 249 14 1%
THO7 I8 RN I A S 0 % A 7 B 8 ooy TR R 6 B 4
R AR B, P B AT ik

DOI: 10.19452/j.issn1007-5453.2020.03.001

R iab i e DA SN I p S | B2 EA AL NG N
SNZSWIRET R e filh BRI AE S AR T 2 I, — B [ A
12 BASRA S A RH B FE IR Rl 20 4F, — L
RZERHURL S ARLE ST I, A S ) R B P B 2, s
R PRSI ER C T IR AP SE RTINS i

HEBIE AR BE AL AN SRS BBk, 38 VI B S A
ZE A il S 1 BRI A R AR IR IERE Ty R, S
il 3 A S B R S A (T PRSI 3 A IR 1 i
FUIRE, S 862 T 2015 AR W55 i) 1 B AL /4G
eyt P RE S BT HLEE S5 BA 30 ) 2 o M i B |
AR B il 3 0 22 0 A SR B ORI E BR b iy A
IR B AR IR AT A T S5 i 3l 912 TR RT
K i B REZE KRBT K 5 I SR I BE S D7 1) o BT
PASK: , 5256 %8 B A 8000 T s 25 1 o i 3 0 4 AU T
AR BITEIGE FEAT i R MR ki3 7 2% AR i
A I RIS R AF B A A R T 2 R T
P, WA O A% T FE A SER Z I AH- - S A

InFSEHE: 2019-12-13; RIEEHA: 2019-12-30; FFEBHA: 2020-01-10

“BISIEZ . Tel. : 029-88268805

SIFE#Z: Liu Xiaochuan, Wang Binwen, Bai Chunyu, et al. Progress and prospect of aviation structure impact dynamics[J]. Aeronautical
Science & Technology, 2020, 31(03):1-14. NI, EHEX, BEFE ., F. ESEH/DEN IFRARBILZESREE[J]. RIS,
2020,31(03):1-14.

E-mail: liuxiaochuan@cae.ac.cn



i 2t BEE B

Mar. 25 2020 Vol. 31 No.03

ARSCRLHL T s G5 o 3 122 R R S5 6
A, A G T AR LA S 2 O A QR A ] A 25 2 A e
B IS5 7 NN ) AL G T DI S N ke PA )i D3
JERSCHEROR M RBEG OLAE , BAS TR T BB HORTT ik
JEH AN BT, TR AR K AT T

1 MEBLPENNFERARGEER
A7 S it 32 BIFE 19 2 B T SR AT 2 )
SYHERE . Wil A, B ML A Rl I

W2 i (o B — AR I 10mys) IR ZRALAG 3 5 &y
PR AR (oot 3 BF — FBEAE 60~80m/s ) K 1% 25 B B <
(et 3 JE — JEAE 50~300my/s) | %2 S A 728 (ot sl i —
FRCAE 500m/s 2247 ) AR F 451473 5808 1 1 42 it ] J3E (i
JE AT A 1000m/s) 25, W& 1B s WBFSE W G4k R, &
BALFER R S T2V e TR Bh A I IR
SR AR 2280 T2 (A1 25 AR 1 2 A 2 24 R ek I s 5 i
PEi ROV A BT N ) WA | e AR B A
45 s MBFSE 0 SRR, 32 AT BRSOy ok B
Ty IR A 5

3 H 1 N L ’%3 iy
=10m/s ==70m/s 100~300m/s == 500m/s >500m/s
& . 4 & & L 4 >
FiliZE R JA=E S HE AR RS 55 B R B R G S
HEH I P 1% gl I ) T 5

1 MNERE#EIDNEBNMEL PR NS R

Fig.1 The aviation impact dynamics research area by velocity dimension
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impact dynamics
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Fig.2 Experimental device for dynamic properties of materials
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Fig.3 Non-contact strain test
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Fig.4 Dynamic mechanical property curve of 2A16—T4
aluminum alloy
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Fig.6 Dynamic tensile failure process of connecting structure
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Fig.7 Dynamic compression of energetic materials
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Fig.8 Multi-level research technology of civil
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Fig.9 Typical fuselage section structure crash test

BN 4 A RALIE EA R OIF 5T B0 B 0 28 PR A B e
TN B B R AT, TR B M i 2 4 T TR HE Y
YRR, SERR IO E 1 el B B8 o &5 At s N T I 1
FAB S W ARV 3 25 o i 1 A T 9 PO s
far MR BT R G s A vh il il S A R (LI 10) . 53
G, LB BT TS e AL B FEEAY B A M RERAE
TEWESE, BN T AT 2 AR AR Al S 5 S T A S5 AR 4 e
I TSR SCHE T 2350 [ 7 i 2 e e F) 0 o S A
FAE A s A AL S I R B T SRR TR

P T S LR R 2 AU ZS R R P L Tk R
R BAT A A B ) 2 AR RHLES A B B 7 M S
AL IR T Z24F A5 TARER

BEAL B ) ) 2 BOR QT I TE PR T2 ek
RERTRH A5 AL BT S S5 B0 A FHICT) 1 1) BRATLIE AL 4544
MR ) g 22 A A D7 10840 25 RN S B I R 1N A
JO A 0 M 5 A YR el AT A s e /3T
FE 2 127 0 M 5 Ky 14 2 IR HLIAR S R T B
IR 7 RO R B B ) 2 A A

(b) RIHERER
10 MZEEERERDDPTIHK

Fig.10 Dynamic impact test of aviation seat system

4 BRIEERIIHZEHRR

BRI B ) 2 Y B ER R I R R )
BTSSR LT T | R B (R BB A3 Y R O T 27 ik
fitlh 18] B0 4%, B & T i DS0/D30 1142 9 5 3 25 M
D180/ D80 1 AR I 25 UM S5 20 1l F) 3R 47 g Bl ol i
Wit , A5 R0 B8 114046 - (D FZEHLALTE AN R ALIE Aibs
YETF R A FP IS SRR (RS VK AR R A0 45 )
AR B RE 1 5 (2) /N T A ML a0 R ) L 0 HG A DL Al
R RIS A0 L T VA AR 5 (3) FEATLAE R s T SR G i
F NS i R e T 45

FELSHPT S FEDEFE o, i mi g a5 R R I, AT
MO IO UEEAE Jr i, WFFE R TR DU N TS8R 6 5
625 A [ N RS T T AR SR AN T
I3 B, S — BT A LA R, e o A R N 8
BIFRE S B S R HAT — @ AR, X S 00 ik i
R, AT DLRPRAS 7 Bl R L g A M C R W, #E S
P | S o AT B R R R ) T B S R 2
PRI o A oy A, DRI T S R 0 OGS i S
SR BRI A A, — AR oy 2 1 W s K v ]
R A LA R S A S A 3 M TSP o 1, B
RTANTLEH5EEMEIRR, XK T L H5REF
AR i e 4 e o AR R AR — S0, I3 e R 1Y)
SCHARAT T R A AR SH (DR 11)

B 5 6 /NRLTE A HIL) 32 #1074 I8 S R0 Tl 40



i 2t BEE B

Mar. 25 2020 Vol. 31 No.03

SR, 51K T AR T LRI 2 42 0 563, AR T oA e A
EONE L EUNIED WU R 7S Sl PR e e/t
/NG A LRI 4 8l 2 P RO BE &, IFJT I 1 /N
To NHURIEAE 22 4 ()RR AR I SE TAE (UL 12) o TEABLBE
I 7o S I SN 8 o) 7 o DL IS B 7 o ] S0P s
puILs R & E RN b i A YR A I SR S U s R SR
Jilt 8 G G AL 2 S8l e Sl A 1 S A 2 AR 5 T
B2 WA VBIR A R 2 — TR 83h
L AR S AN ZHGRERL S5 R 5 R 2041 45
A RKFR R T IANUERE Rl A0 T A B LY)
FEEAR BT RN/ TE AL L AT BR
FA ity 3l 2 RIS, 5 5 1 A R [
FHARDBATE 5, X TIRANLEA AT Bk, 7]
VLA 228 Te AHLERERE | 2540 A5 BT T2 BOR R IR BHE )
AR TE L . SC S S RICTPR TR/ NG AHLREE A
PR RS L CHURES SR S O T T PR, A T BB
PEAGRIETE AR o

Xt AR R 24 , KRS I R — o 7 B ) ] TR
BTN, S T R s UM TR T R A e bl
KA FRHR AR 2548 1 IR R A8 TAE LR 13), 3645 17K
SRAK I X RR I AT ZE IR O S0, BT D7 R A 32
AR M b AR A5G , BT TARSCREIE TR T &
SR, H- 45 SPH-FEM J5 iL 0T e T BUEm T, ¥4l 1 5e
TR AT AT SR RE YR ) A Rt R 1 S o A A v

R L R il ML RE S M MU, i BRLS L E A948 1H s )
Xl RER A 45 A 08 0 e P RS 2 A P, T SR L 91 AR A 2
PERZ ML

VAL Ml R R RS R R A 7 5 fi RS- 40
155 BRI L 8l )~ T T Z4E R T A%

P IR 7 2 ) A U I T T RS T B SRR
AAFT B RORS BE 8l 3 2 5 A ke S sl 2SR/
Sy 1 14 R RE DN 30253 I i A B S5
FMIURIARAL T L BTN e 20 o o 2 1 128 5 it
FEHLUIRZ R B0 IR RE R AR X R A5 F P -1 E B
B4

5 kiR EPENHERAR

RMLAE RAke B ik ol 7 2 SR A A5 Pl B V5 2
(2% wfPE RE DL AL 5050 )y s 3 9878 A P R 1 sl
7T S0 vk (B BE - P AR R Rl — B 24 T Sk
W07 G BT SIS AL 2 s R e vk R R R
LRMERR AR A MR AT SR i AR B 1 2 et T
5ikg6 k5. Bt s (1) RAEFEIER
I G, 2 0 55 0.5~200t ¢ K ML 5 42 7% iR i 0 20k
(2) RGBSR & , BB S 2 1R gt in o i Ut L3
SNBSS A s (3RS S8 MR sl 12 Rl /5 5 (4) Jid2
TP RREIIG & 5 (5) R 7 SR 5 /i e 8 g 2 R e
5 (6) RHTE R R 55 .

B11 HESS5ATSEGIENRSEINT

Fig.11 Dynamic deformation comparison between real bird and artificial bird

12 NBEFTANS B ESEANRIER LR

Fig.12 The comparative of windshield impact test results between the small UAV and bird
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Progress and Prospect of Aviation Structure Impact Dynamics

Liu Xiaochuan®**, Wang Binwen?, Bai Chunyu'?, Xi Xulong"?, Chen Yi "2, Zhang Yu'?

1. Aircraft Strength Research Institute of China, Xi’an 710065, China

2. Aviation Key Laboratory of Technology and Science on Structure Impact Dynamics, Xi’an 710065, China

Abstract: Aviation structure impact dynamic study mainly focuses on the typical impact problems of civil and military
aircraft. Categorized by the impact velocity, it mainly includes the normal/emergence landing, discrete source
impacting such as bird and hailstone strike, containment of engine, combating damage, low risk bomb location in
cabin area, etc. For different structure objects, there are dynamic mechanic characteristic testing of materials, energy
absorption and dynamic response of components, dynamic load and stress wave propagation. Related studies mainly
concentrate on the moving, deformation and damage of structure under the impact loads, numerical methods of
dynamic response prediction of the full-scale aviation structure, and designing methods to reduce or control the
impact damage. By the way, developing experimental rigs and test methods to reproduce the impact phenomenon or
verify the design methods. In this paper, the development of impact dynamic, and the recent technology achievements
of Aviation Key Laboratory of Technology and Science Impact Dynamics are summarized, some study hot topics are
recommended, and also key technical developing outlook is given.

Key Words: aviation structure; impact dynamics; crashworthiness; landing gear; discrete source
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