2020 4E45 2 1] RAXHEZITEHR 2020 No.2
K137 ) Civil Aircraft Design & Research Sum No. 137

http: //myfj. cnjournals. com myfj_sadri@comac.cc (021)20866796

DOI:; 10.19416/j. enki. 1674 —9804.2020. 02. 010

RANINSREREHERGRESH

BREik' ™ uikRRS % A
(L. ARACBOAR B BE R %, b 2017075 2. ki WALt %8 e, £ i 201210)

B =E:

TECHLE aa R R v, 1 S 2 ORI 18 2P 1 2 M DS A 08 10 a0 A 2 ], S 23 A i B R ol 1o 82 1), B2 PR A%
125 205 2 A o 2y 0 2 e IR B AR A5 PR LR o % RALBIL B 8 0 S5 A R AT 1A FROT AR, A4 T O 4. 27 m
(R BETTAREATS 7 A 9. 14 m/s (1T B sk Z , B A7 A i R 6 ABAQUS/ Explicit T4 58 ile X HLEY R85 1) B AR S HE

JETTAIFTT , AATLS 15 1 {57 B PO DI A T D 8 LA B SCBREAS A T O BE i RSO 8, i A L R HE X o ol e 7 ) BB BTG
Wk LA, HE O 58 B B AR AR G o LEAL B 45 A (9 A I (AR SCIR 5 1) O "6AT B R AR, 45 564 R 30 19 5 1) 22 A
B A G IR IHE , b FHILE 2R AN R BRI , 328 82 A 000 £ 3 12 A 2 A — 2

KRR R I ; RE A MK
HE S ES V223

0 515

i HEE 4 CHILES H S 3 2R e e A A il
IR TR o2 1055 I RE T o K HmT A 38 1) 2 M
FoMUR AR AR R E I A i AR R, A0 AT
B 13% F148% ' . BARE LM TR Z BT
B B AL AL Al S0, (H SR 2 A KU Il R
T, HEE IR AR RE ) % B Ok i 2 ) %
7, FAR25 JAR25 1 CCAR25 2 fiji 25 B 4 A 15
R IR E IR A AR, R, I
R B RBLES A 1R T v 5 B 22 | e EL R AR 11 1)
Bz —,

TRHLAR A A P Rl R A AR IR RE AR KRR I
BT CAILZE R W A 1) R 2, IO RS AT B ok £ 326 51
M DX 35 A B ok wp R AR TR B /NE . BFSE N R
127> B 2 Ui, 3 5 5 KAk AL # 1) R R
W, TRl R A A0 G R 5 b A 25 [, T AR 5 TR 5 1
IR, O TR Lk B bR, CHLRER o3 4 b 2
BT RE S IR 7 BE =, DA B L A Rl R o e v 45

x E{5{E&. E-mail; chenyanda@ ceair. com

SIAENK: REZ%,GRR,FE. RA WIS & RS Zar()]. RA WL 58 % ,2020(2) :43-50.

X ERFRIZED: A

KA BN, AN O, Wit A & — ST
PR, LA A5 35 25 3 75 1) v o 8 i IR 1) 7 — 2 7K
4

W2 BEFR AR A JRy AN BEALEE 5 ML T A G,
PRI, 32 T AN [R) A T e o e b B X F B THAL
Bl 4% [ B OKOHL, RE RO o Y R T
2RI A A o S 3R i S
o XFF R R RS AL, L RIS A A
gy a], e wpd i R TP AR E S BE PR AL T AT BE IR
23 0], PRI, BB G 8 45 4 ) i 48 P 2 F 5 1 2
J5 i

TN TR AL S AL I AR 285 4 1E
17 7RSS B T JLRh 42 5 25 0 T 3 P i i 3 A6
HLIHE PR, Jackson Fl Fasanella" "' Sy 5 K L
I & T 2GS, HDVE A 25 i
VLR PS5 2 AU RE BB A AR Ay T 4 ) of R s il A2
A IRERR . Meng' ™) 45 )UK 7 it E e s i B W A
BT LSS F iR ) S 1 G R
RE PR, ICHREEF R R B P4 Hoo s, v LU & fg

CHEN Y

D, FAN Z M, LI]J. Crashworthiness numerical simulation of a civil airplane fuselage section[ J]. Civil Aircraft Design and

Research,2020(2) :43-50(in Chinese).

43



gy M 4l B

S 137 3

IR, NI B, R GRS —Fh
P R B2 BT REA R, B o B REAE JL T8 19 17 3K
TARZ BRI, TR IR EHE CHUK
BRZEAG B L o i AL TRy R TR
KT -

TEFEOLT , 20 HUAR SCHEAE S 450 %
F % e AR FIHIL B W HE , 8 filf 18 =5 2 b LA W R
AR R P BRI, S T R A R S R g
W HE A7, T AR FH— 5 054544 , 1 Heimbs 2£1¢0 %
R RO & T — i S A% 3XOR S 45 TE Rl 4 0ot
PRI, T W U g f . Yira 2607 P BRSE TR
FHAS R ) SCHE S5 AR A0 B2 R 42 o RF  RL B T8 Pk
fiEo Adams' "' F1 Tay*"  BF5T T HEAG 1T A4 Bh A
XL 25 ¥4 T 5 1 P 52 ), 28 2ok A 4L, AR IS 38 2
Rb e HE A, S BOORHI TR L T A i B2 RN I BR
il 7L B 25 48 7E v o AR R I BE = Y [ A RE
1o Zhe Feng"®" 453 s HF 58t [RIRE & B T bt Tt
FEFNBTRET ] B0 23 X A% 36k 3 200 B0 Jonn ok 2 7 2
ANFIFE

1 Pl B R R di gl Jro7

RS RADE AL EE A BT A T 245 45, il 1d
K RIOEIE , 0 LS R B 2R U F

1) HLEYSEAE A4 1 H A oA I8 1) 5 5, B 1L
FMR IR 5 A AR o) S A P AR AR
HoRE 255

2) 1B v R R AR TP o DR DL 254 1) S8
P, ANBE A A RASTE 1 52 0 e 5 A ks = i) e i i o
HAEFOR A e L

3)HLE R OT RS Al BEE T, B PR AE R v S K
AR JE ATy AT ML AT A T

L, CHLAL S B AR S5 H 2T BT A5 AR 7 [
[El A R AT BA SR PERE , — HLRBL A A BASRN , A2y
DR % 6 958 20 HH B3P 338 1 {68 ofe % 52 107 o Ok 2 b 2k
Z3 []

EABLER R DU A L T A5 B2 B
JIEEFCWE DU T, A8 5 ) I B D25 10 e 2
WP T AR, AN E 1R o R K AR R
L i) % N I N2 5 G P A 0114 3
BBy LR FEE S5 I IR A, il 43 B SR BLRE A,
SCHRI ARSI REFIFRE Z F1, X J2: Hh ALY 254 101 %
R o

44

395m

s

L \ AR /

‘ {94t

wery

1 HEEERE

1
Eywn = 7m1)2 + mgh (1)

1
Epien = jkxz +fs (2)

(D) M), m ZHLE SR E A0 WA
R g N L h RIS S5 O N
PRI 5 M T 1) 55 B2, e 7R 25 AG U DX B o0 3
INTEIRERS f F s 73 0| B WILEY e A il 38 Pk ) 2 455
IR AR

TEREAS i R, B R RE R A 25X (3)
Jir 2 H A R <y U

Eypn = %mvz +mgh = Eyygen (3)

JehHe

2 HLEHARROCERY

ARSCEE S LB A FROCEE L AN ] 2 Fi &l 3 B
TN, BEAHLE A AR BRAE (5E R AT R AT e
155 BERLEE N 3 526 ke, HLE &/ B HCE
BRI KR CE R A5 F P T

B2 HSZERERTKE



2020 4E55 2 1

WREZS, % RIS Bod BB 05 E 53 B

B3 HEEASLLAERTEE

2.1 Hpdm

A FROTH A £ 2 72 BT A, A% K/
H15 mm 2245, 4055 294 560 N 45 1282 269
JC, R T EARRERL, K 30 {3 30 % e Ay AT A 1R T
KGR FPARE . A TR m R AERCR, %
BICHRBR AR A3 BT SAR T BT B, 7E
WA TSR 3 A 45 LTS, O 1 B IR B G2 T
7R A AR S A N AR gl 5 | AV AR TE O )
HIRHLJR A T R FE IR A . BTl AT Wi
il B2 = A Y RE R K, 0 T RGBT
2y Ao, R T WERR A B AR T R £ 5
T3 1 BT R fff T

AR SCHE S T ML G5 A AR 1 i 1 R AR
TERIR , AN 43 i R AR T, o 148 T35, X
SRR I T I AT T AT A, R AL
SAEAR RIS KA AR TIE 208
2.2 ARG R A

FEAHLE A BRIT LR b i B 39 5 (B T ol
HTRTHLIG T A0 ST 9. 14 m/s 1) i 2 Bk
TR LA ] 9. 81 m/s [ Ty I R AU A
F A, % i ot b T B G st e o B8 R e 1)
)6 A~ H B2, AR SCHITR A A Lk AR
15 36 E R L HUC 4 (CFR) 25 14 55 25 F iy
25.562(b) M —3, fE IR M N, "L kA ™
HAE R EAIRE IR UE—E AR

MRS LRGN E T A FROCEE R Hh 32 ff 3¢
B TEAGITH R S 7L S R S R A bt
Z IR B i, EEER 2R BRSO 25 EARE TE B AR IS AR A
AR T A E R, AR AR SRR AR
2 A AR 0.2,
2.3 JFUALE

N T TRIACEEA A FROTEE R, X % 01E vP 2 %5
JRE AR >R P o B 1) 7 AORACRR , R 2450 A 1
FMHARBE 50 O T RISE B s — 2 A
BT 75 ke BOEE A, JF HLAH] rbe3 M0 £ 5
ST AR E

3 W ERS R

<R WTRR A2 T B L 1 AR A E Rl L A
T HE AL HLE A T R AR W R AR I B 2
X JeE B PRS0 A S L DR b X bR ) 2 28 4+
IR,
3.1 SdE
S5RGBT e T AESN BT AE T, T
PR B AL 28 3 i A R 2R 5 2 A i 7R
TSR EBER AL 5 R 1Y, <5 2544 ) 1 i R
PR ER . B 4 s T BB TR B B b
F—RiAEX R AW IE B B, a 5] b S
TI— PR ERBRE G AR, b G B ¢ SR ) B
BRI AT IR G e A SRAL R BE . 24 EIIE ¢ fURE, AR
45



gy M 4l B

S 137 3

T A6t BRAG7 , S80m BE A 450003 14 SRR, BRI TR RE 2
B 2 AR AL, HF HoRERBE 7 2 BRI T e o
f AR R0 D = 1 PRHMIEEAE 9 0, RI5E
RRETARBEES) , Bl Y HE 2 7n AN 5 e 40t 15 1
PR YR I AE AR o

B4 EERGRBEMYN—HELR

FE ABAQUS H, AR R B 4 5 SC ek P A3
O MR ICH 3 B B 9 RE X (a-b-ef") (B IF
IR BE(e) BT A AR () (DL IT ) 1k
FEVEMIER , — BAPRIAN B 5 42l (£) , gl LT
AP REERIZ I,

ABAQUS/ Explicit #fJ4 £ 37 28 V5 5 J& #1 k) 43
15 2R IR ) DI RE , Xk AT 98 P D 2R o D) i
A1, S BN T = Jil B2 RSB I v S5 580 8
AR R IR 45473 W SR 3 B AR T LA 51
o R EB P AE I 2 SORP R R A B v R it
GRAR EIIRN NS 2 € 2L AR oo S VA It i 5 | DA
RSP E

gy = fin, s (4)
o, = —p/q NI = p SRR BN T L q

J& Von Mises 255 17, & S Al S IR 78 3R, 40 003
TF46 % A Bt RIS LR 460
de"
wy = [ =1 (5)
8’;)(7]’,91'[)

Forf ), FE R S 7 T 480 T 2R 355 44
RZS A X T TR P R U 1, B Aw,
AL (6) AT

—pl
w, = L =0 (6)
ehin, &M

46

3.2 i AL

TESELEAY [ ), 38 AR IO 3 — I 78 5 AR
R ST AR A 5 F , %) 4% 1] [A] P 1) 93 28 1 6
o, 47525 AR AR B 0 28 e sk sy I A s SR BA
oK, AP T BN AL SR AR Y I AR B AT
I, REFRE AR IR S 25 FAT RO AR A o TR e A A
PIIFaR ), 0 AN T RS 1) 753 - S Ao
Fo i W B RE R AETIOR SR Sh B 5 T AL o

TEIX LA T LMY U e AR RO 2E A T
WAL . ST SCHALTE AR N B R BE & G, AR
Ja — ELIR B A7 A BRI A AR HE , B 42 Ja bR 4k
Bz, W2 AT g AL -

—pl —pl
D=1 ol (7)

- pl pl
Uy Uy

AL WHTTIBRE KB, ' = Lo R %24
WBHERLRS , uf! R BRI T X8 G SR M
o KRN B BOBER R R (8) BEA T

i =2 (8)

Oy

T, o0 FR 35 B 2 R0 D) Bt 7 e AR R T L
WOk T ST TT IR 5 AR R 58 4 S PR N AR
EW A R RES T G

p = CRT 0 Bl SR A 3 0, AR
W R, 24D = 10, Mok k 2 T RERE
I, HERE S AR Al LSRR B R A U

E=E1-D (9)

3.3 LSRR

BILER H A0 B 4 25 4N 52 B2 L b bl 55 9 T 7 4R
2024-T3 AT R RE ; IS 10 4 R AR an G2 e 1] 9\
TR ey B 2 0 T 4R 7075-T6 A R BE , 55
FHRMAERE L2 1Y B SR R L A o v it
AT AR, I T L A A R BE

4 SRS

BB 2540 4 A il 3o AR TR I i R B 5 PR
TETHERTE LT 0.00 s ~0. 10 s Byl &, /4
EREREN 0.02 s, THEL R ER, IS HIE)ZH
Mt b it 2 7w o ok, 5 S BRAE A BB M AR T =
., BORKMIBPEASIE HBUEBRHE T 385 bk v 422
St A % 5 R AT b Al S A 14 28 AL B3
4.1 g5k S R

HLEF R I IR 2 22 ML B PR AE 1 7™ 28 Al A




2020 4E55 2 1

WREZS, % RIS Bod BB 05 E 53 B

WAL, 52 B JIGFRAE - S I v o I P 2B PR, J
AR VTR AnlE] 6 I o

T, SRR ity T BB B R R 4G R K AR
IR, AR A BRI, A 00 3t AR S R SCH%E A A e
o BEEHLE A BE— 20 T S5, e T
RERHERER 25, FAHE -5 2000 AR S 8 AL
TR L BRAS A I AN L, S BN S AR B
TPIAEPEES, B HIAR R A R B, i )
B2 P EUE iy Hh BUs R ik A o ol TR AR A A A
AR ERAETE AR, WML T R R iR B S, DBl 1
il B, Rl B 1 e a1 DR A i
BOA G BUBIA RN RE, RIIE T 2 AR 45 M i S B[R]
UL PRAIE T e 1) b AR 25 )

x1 NSEHMHREGE

FHR 2R <1iis> PP e O
AI2024-T3  2.76E-9 73 000 0.33 335
A17075-T6  2.79E-9 71 000 0.33 519
MitEH#bE 7. 80E-9 210 000 0.30 /

(a)T=0.00s (b)T=0.02s

(¢)T=0.04 s (d)T=0.06 s

()T=0.10 s

(e)T=0.08 s

B S miEdRE PG EAmTER

B o6 HEEAMIRTEBERHITE

P 7 kg PR e e L 4 U B R 5 B 1B 45
WL, 76 A il 5 2ok 7R o, A 00 YT SR B R A S R
396.72 mm, ZE ) 2k 403. 94 mm, AF fif 57 JE 47 3|
12.40 ms Z i, 72 R0 4% K T4, B8 s A A2 7%
FHHR T2, FER)IE 31,40 ms B, ZEMA R UK
THMIE— BHFRrE R

B7 ERHELBHEE

P 8 b/ 1A A JRE AR U O Y a7 B
BEMA R PR o Al fe K JEE D 10 406. 10 mm/s, /e
Ml RAE D 10 312. 20 mm/s, 3 W K F 400 i 3k 52
9 140 mm/s , X J2 HH T 78 T35 I AL B 45 4 F 4l 135 3
T T — R RN, AR IR R IF 6 A A 4 i
THLE A B X PR, 72T 46 By B Ze A P Y

B8 ERHEREEHREE

47



gy M 4l B

S 137 3

S RE R 1 — BN, ELR 250 ms ZeAq i, Al
LA L (HUE, 21 900 ms ZeAq i, AT TR o
4.2 ek

1328 25 e 25 1) A3 Aoy i P LB A ol v )
FERFERRE T BE Y o HLE ZE Mg e
VR 3R 5 RAIE AL 06 1) AR A7 25 (], REAS 7R B A A B
AL PR AT AR BT B 1) T R 2 L B B
LER IR BRI A SO A S

TERE AR B0, 0l 488 AE & th HLEY S5 H WD 46 HY 3l
REFIHRERE T 0 N REMIEE S RE , N RE R4 SiLPE S TP
REFIATEASTE R , EE SR RE 2 AL B A5 R E Z Rl A
At FUAIL B 5 42 e DA P 5 B2 Py o AR RE ST
TR, BREREFI A REZ A1, AR b B RER ST
SR L N AE-S EEERE R B, AN 9 TR

9 HESEREETLE

FENLE -5 NI T B, RE LG40 R & 2R
F T3 A A DRI 114 235 A Al R R 8 M AR T S W i g o
SIREAEARWIR /N, AR T FEREE I FE
178 100 ms B,97. 15% B bt BE 98 5% 1L A I RE I
FEHERE . PRI, rA 32 B A A8 T R RE 2 FE BICAT 783X
— I 2058 B o

5 SEBRMRAE L, B T A A BR o
P 53— 35 A v AR 2548 v s AR R 1
AT RS, 3% (AT T T R f% X ok DG 7T 2 2 g
1 IF s g .

TESRTE R, B AR RE R WS — R 4 Bl g
WHFAL NGRSl AT R SR R RE AL Bl RE
P E 53 EE, AT DA S A Al A 2ok 7 rh WP R A R A e
T AN T ISR, & AR RE St R I 18]
iRt an &l 10 fron. YEf[E) oy 100 ms B, AL S B
HE 75 fits M Al 2% R0 52 K e W U Y BB o 4 0 o
7.63E7 mJ 1.62E7 mJ 1 1. 60E7 mJ, £ 5545 WL U RE
T R A HL Ak 53.42% (11, 34% F111.20% , |
IRGERERI] X FPIEOL T  HEQL R i B S AERERR
48

B 10 #fiEdREPEFENGRERTE

LT S8 7R 17 e AT O 7 Y e 3
M7, %ot FE T AT 28 G F 2, PR D sk sk i 5 2
Wt b 25 PR FISfe %5, BRI BI04 4o

B 11 ERHENEEE

N Tz e o7 ] T L e A A A ) 3 R
L T — 2 A MRAE D -9.79 ¢(FRmTr
] [a] T, S ARARRIE [ AR ) L 2l - 14.79 g

A B AR AL E R R 5 A IE(E, KN
HA6.21 g, -9.79 ¢.5.66 ¢.5.43 ¢ % 5.70 g, Xt
R B B E] 43 1) A 34. 00 ms . 38. 80 ms.43. 80 ms,
51.40 ms J% 55.40 ms, THZAEMISEIH 6 MRIE, 47
MHA6.18 g, —14.79 2.6.85 ¢.7.91 g.7.68 ¢ K
6.22 g, X AR TE] A 30. 80 ms 40.40 ms 43.20 ms .,
49.40 ms.55.80 ms [ 67.60 ms, AJ LLFH H FMAE
T S ANWEAR HE B I a] (B B ), B — B th T
MG TR AR, HoA BB el , 78— R Hod
A TEGE by A O A vy i S E

TEINE B P A [ v ad & BRAE 18. 00 ms 7o 45 I
CEBL T IR WA, X TR AR R R B B
HEFN BT A AR AL A5 25 48 T 06 & A T 8, L IE 2 AR 3K
BFERE T IR 2 T R, 45/ a5l 28 = A,
7E 30. 00 ms ZeA5 AL EPHESR d F45 107 AR ) 3L b
S, T RN 58 SR GH R, R 4T 3] 60. 00 ms
ZeAr i BB PR I, LR I A] © AR RIOR & 19 b ifi 3



2020 455 2 1) WREZS, % RIS Bod BB 05 E 53 B

A, Bl TS B A /N AT S 6 S sk B e 2 F
FAIL B S5 A A X Bk s B o
4.3 A%k

PL9. 14 m/s (1) hlf 18 3 R % B RAILAL B Btk
1T T TR E, 43 B T 54 1) A8 T LR 37 8 1) Jon
PR, BLE 2540038 2o BB A T W ki e Sl g, R T
A TEEH AN, A DA 1 o 5 (T AR R R 45 44 o8
Bk TR LT THERL FALE A, B B T3
FEAER S5 A28 T R T N B A WA

5 ik

ZERITEREIE AT T A RUE R LR A5 Bl ) 2
RAPUER R Z — o BT A IAEZE (IR R R
RiA% W S R BT AT ) AR 25 B8 AE I [ I
LB ATRERYARTY . A SCHL T — PP LRl %
PRizkin CHLAHL S A FROTRE R, I %) I i 4 kA
TOFEE, 70t T A AR R, ZEAHE R

1) i HEEREN], = EL A FROTERAE D )
AIUMRHEE I P T HAT ) R 4 0 i, AE AR
TRHEE R AR 2 i T T IR 1285 T Tk 5

2) O T ARAS S R AR E , I U e A R A
BRI , BRSPS RSOk S A R AT 5 5

3) 33X U2 Y A R ADURH X 552 B 0 3 o
AR T LR 20 A TR R T OB Ak , X 4k
oA THARZSE LAl AT, Al PEAL AL A i 28 1 e
Fuet R ERMSIESA ROl
PRI AR T K QML A 0 A 42 i AE — R S BV
FAN A —E i

S 30k :
[ 1] Worldwide Operations. Statistical summary of commer-
cial jet airplane accidents; 1959 — 2014 [ R]. Seattle,
Washington; Aviation Safety, Boeing Commercial Air-
planes, 2015.

BISAGNI C. Crashworthiness of helicopter subfloor
structures[ J]. International Journal of Impact Engineer-
ing. 2002. 27(10) :1067-1082.

JACKSON K E, FASANELLA E L, KELLAS S. Devel-
opment of a scale model composite fuselage concept for
improved crashworthiness [ J ]. Journal of Aircraft,
2001, 38(1) :95-103.

ZHENG J Q, XIANG J W, LUO Z P, et al. Crashwor-

thiness design of transport aircraft subfloor using poly-

[5]

[6]

(7]

[8]

(9]

[10]

[12]

[13]

[14]

[15]

[17]

mer foams [ J ]. International Journal of Crashworthi-
ness, 2011, 16(4); 375-383.

KIM H, KIRBY B P D. Investigation of external airbags
for rotorcraft crashworthiness [ J ]. Journal of Aircraft.
2006, 43(3) : 809-816.

ASTORI P, IMPARI F. Crash response optimization of
helicopter seat and subfloor[ J]. International Journal of
Crashworthiness, 2013, 18(6) : 570-578.

BEHESHTI H K H, LANKARANI H M. A simplified
test methodology for crashworthiness evaluation of air-

craft seat cushions[ J]. International Journal of Crash-

worthiness, 2006, 11(1) . 27-35.

LAANANEN D H, WINKELMAN K L. Analysis of energy
absorbing seat configurations for aircraft[ J]. International
Journal of Crashworthiness, 1996, 1(4) . 355-368.
AIROLDI A, JANSZEN G. A design solution for a
crashworthy landing gear with a new triggering mecha-
nism for the plastic collapse of metallic tubes[ J]. Aero-
space Science and Technology, 2005, 9(5) . 445-455.
LYLE K H, JACKSON K E, FASANELLA E L. Simu-
lation of aircraft landing gears with a nonlinear dynamic
finite element code[ J]. Journal of Aircraft, 2002, 39
(1) 142-147.

LUO Z P, XIANG J W. Crashworthiness performance e-
valuation to helicopter landing gear by finite element
simulation[ J]. Acta Aeronautica et Astronautica Sini-
ca, 2003, 24(3): 216-219.

HUGHES K, VIGNJEVIC R, CAMPBELL ]J. Experimen-
tal observations of an 8 m/s drop test of a metallic heli-
copter underfloor structure onto a hard surface[ J]. Jour-
nal of Aerospace Engineering, 2007( 221) : 661-678.
XUE P, QIAO C F, YU T X. Crashworthiness study of

a keel beam structure[ J]. International Journal of Me-

chanical Sciences, 2010, 52(5) : 672-679.

JACKSON K E, FASANELLA E L. Development of a scale
model composite fuselage concept for improved crashwor-
thiness[ J]. Journal of Aircraft, 2001, 38(1): 95-103.
MENG F X, ZHOU Q, YANG J L. Improvement of
crashworthiness behavior for simplified structural models
of aircraft fuselage[ J]. International Journal of Crash-
worthiness, 2009, 14(1) ., 83-97.

HEIMBS S, STROBL F, MIDDENDORF P. Integration
of a composite crash absorber in aircraft fuselage vertical
struts[ J ]. International Journal of Vehicle Structures
and Systems, 2011, 3(2) . 87-95.

REN Y R, XIANG J W. A comparative study of the

49



gy M 4l B

S 137 3

crashworthiness of civil aircraft with different strut con-
figurations [ J ]. International Journal of Crashworthi-

ness, 2010, 15(3): 321-330.

proach to aircraft crashworthiness and impact surface

material models[ J]. Journal of Aerospace Engineering,

2000(214) : 265-280.

[18] REN Y R, XIANG J W. The crashworthiness of civil [23] HILLERBORG A, MODEER M, PETERSSON P E.
aircraft using different quadrangular tubes as cabin-floor Analysis of Crack Formation and Crack Growth in Con-
struts [ J]. International Journal of Crashworthiness, crete by Means of Fracture Mechanics and Finite Ele-
2011, 16(3): 253-262. ments[ J|. Cement and Concrete Research, 1976, 6

[19] ADAMS A, LANKARANI H M. A modern aerospace (6): 773-782.
modeling approach for evaluation of aircraft fuselage [24] ZHUXF, FENG Y W, XUE X F, et al. Evaluate the
crashworthiness[ J ]. International Journal of Crashwor- crashworthiness response of an aircraft fuselage section
thiness, 2003, 8(4) . 401-413. with luggage contained in the cargo hold[J]. Interna-

[20] TAY Y Y, BHONGE P S, LANKARANI H M. Crash tional Journal of Crashworthiness, 2017, 4(22) . 347-364.
simulation of aircraft fuselage section in water impact
and comparison with solid surface impact[J]. Interna- 1EE®/ N
tional Journal of Crashworthiness, 2015, 20(5) ; 464-482. BREE B ,Mt. TEMRAG G RITEEMIET . RIATX

[21] YUZF, GUHS, WANG H, et al. Crash simulation of 3 HH, E-mail; chenyanda@ ceair. com
the fuselage section with central wing box for a regional SBIRRE B ,ME. T 2R TG RATR R B IRE S
jet[J]. International Journal of Crashworthiness, 2013, #7 o E-mail: fanzhenmin@ comac. cc
18(1): 19-28. F E B, ZACATR. TEHRS @ RATE BAAM

[22] HASHEMI S M R, WALTON A C. A systematic ap- T HAX I RAT K EIE B A . E-mail; cealijun@ ceair. com

Crashworthiness numerical simulation of a civil
airplane fuselage section

CHEN Yanda'*  FAN Zhenmin® LI Jun'

(1. China Eastern Technology Application Research and Development Center, Shanghai 201707, China;
2. Shanghai Aircraft Design and Research Institute, Shanghai 201210, China)

Abstract; In the process of emergency landing, first of all, passengers should have enough escape space in the cabin
area after the collision. Secondly, based on the structural strength and duration of impact, the acceleration and im-
pact load transmitted to passengers must be reduced below the human injury tolerance. The finite element modeling of
the airframe structure was carried out in this paper, and its falling from a height of 4.27 m and generating a vertical
shock velocity of 9. 14 m/s was simulated. ABAQUS/Explicit calculation was used to complete the entire analysis
process. The overall deformation of the fuselage after collision was studied, such as the acceleration, time history of
the selected position of the fuselage and the energy absorption process of key structural components. Finally, it was
determined that the fuselage frame played the most important role in the energy absorption during impact, followed by
skin and passenger floor beam. On the right side of the fuselage structure(the direction in this paper is from the pilot’s
perspective, opposite to the left and right directions seen by readers) , there were cargo door and cargo door frame.
Due to the asymmetry of the fuselage structure, the speed and acceleration on the left and right sides were inconsistent.
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