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Fig.1 Flow chart for building finite element model of wing box
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Fig.2 Typical wing box structure
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Fig.3 Simplified sketch for rod element of stringer
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Fig.4 Simplified sketch for wing box structural

intersection point
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Fig.5 Simplified sketch for structural intersection
point matrix

St bR R S A B
(2) %2 5 BT AFAEF R H NAU  [i.,7]F0 NdD (i [i, 7], 4
BN bR R A S A,

3 HESARITIRERE
LR B T B 25 S S AT A S P A 1 K R
HEFT e , ST SR R, TR IHT 72 30T, L1



EAL 5F: RN CHUEE i R A AR AT T e B

19

LA R, T BB T CAE S 1 i AL
P, TR A B PR TSR AR S B A SO, R R A
FIFaRhs R, I F AR 4 56 2R BT SO bl e
3.1 BAREHE

REBNEiy: O Ot R= 1LY T (VA R L T A Wt 1)
7 P e BRI = 0 AR, 5 4 B R A B
A OSBRSS N 5 T, AR S i
B0, ERE SRS EEFR AN (L], TRE
A5 A EHE B FR R NAD  [i,].

"1 BRITTRESSX

Table 1 The ID meaning of finite element node

s 11 2301 4500
ZeHEH 1
&y . m; i Rkt Kok iz
3.2 FETEE

AT ARG KA P L AL HMG AL HP
FERR ST R 2 L B BT R 2, LA D 3 R R T A
FEHEAT .

KAMTAFN P LA T s R X R A
B VA BT KA B Ie R i, (DB -

Rod,,, = (NdU,,[i./]. NdU,, [i + 1.5]).

When{NdUW[L,]]:1 ,j=1,---,N;i=1,---,M(1)

NdU[i,j+ 1]=1
N R RATR R s Mo F SR,

B G S 2 T E T RO R HE A PR D R R, B
HHIME KR AT AE , JEB I G R R BRI EK
MIAZ LRI, AT 6 T 7% , 418 H DABTIE AT (4 55 LA )
R 43 G, 43 5 1A AN 5 207 Ta] BT AR R &R, DA RTZ%

T7 A, () B .
Rod,,; =

(VAU [i.j]. NdU,, [ i.j - 1]).

{NdUYN [ij]=1
when

J=Ng o, 2:0i=1, M
NdU[ij - 1]=1 I '

(NAU [ i.j]. NdU,, [2.1]).

@)

LA
SRR LG

SRR [S0R% %
ST | [Fag

[ tivkraec| F s ]

B6 E2ERARTHRIDINER
Fig.6 Topological relations of finite element nodes of
wing box

£ RPLY R TRV S et ) S AT N I NEOETE AP S
F, N BER R AT, 20 6T 7 B A sl 67 Ak i I e TR
HEHIMA R EE:, X G)FR

Rod,,,, = (NdU,[i.j]. NaDy, [i.f]).

When{NdUW[L]]:1 ,j=1 - Nyi=1,---M ®

NdDy[i.j]=1

RN EAR ST AEFT R IT RIS B B R SE HY SR A FR R
KF, DAGTIE KAMT A 43 AU, 43 50 1) Bl S S 07 n) 87 4R
PR &R R EEmZE, rARMEEZ T IE, AW
RIS K F R, =4 s
(NdU [i.7]. NdDy, [ i.]).

NdUyy[i.j]=1
when si=1, e My j= N, +-+,2
NdDy[i,7]=1

ribp =

(NdU[i.7]. NdD, [i.1]).

NdU [ i.j]= 1
when o L=
NdDYN[L,]]Z 0

4)
33 RETER

5o BT L I 3R 1h1 28 | LR R AN A EAR S,
Wbk R BBy S HEA T RIR AT .

T R Fe T, B T A AR AT BT A DL, B
PATHAN R R BCARIR, ERA G WAL =M B PRI R
TEE L, WAL 6 B 7, [ B SR A AR SCHR Hh ¢ DA B E AT 23
ST, 73 5 ) T2 G GO0 AL IR R A& DA R SRR BT
EBEA G, XS FR -



20 iRATL S5 N Oct. 25 2019 Vol. 30 No.10
Shell,,, = L M 27 2 T A ) R LA DU T BT R = A T
NdUy[i.j]. NdUp[ij - 1] ) BT R 1 6 T B 2 SR e B KA S 4
NdU,[i+ 1] NdO [+ 1, = 1) THT 43 50 16 BT L5 S 0T MR o , AT B 4 e
NdUy[ij]=1 B, 1R (DR -
NdUy[i+ 1,j]=1 Shell ;,,, =
vhen NdU[ij-1]=1 M= N NdU[i.7], NdUy [ i) — 1])
NdUw[i+ 1.j-1]=1 NdD [ NdDy [ = 1]]°
NdUy[i,j]=1
NdUy[i.j]. NdU[ij - 1] NdUYx[i,j - 1]= 1
NdU[i + 1.1], ) when N[0 - 1]=1 vi= 1 Myj= Ny 2
NdUy[ij]=1 NdD,[ij - 1]=1
when N+ 1] =1 i=1, e Mij=1,,N . -
NdUW[ij-1]=0 oo NdUy [, .NAU [0, - 1])
NdU[i+1.j-1]=0 NdU,, [i.1].
) NdUy[i.j]=1
S A5 27 BT AR 728 JUHTH 36 28 T B N R
FHABSELIN 5 TR SR AN A K2R, DARTIR I AR B 7T K NaDy[ij = 1]=0" ’
], IR (6) T « NdDy[ij - 1]=0
NAUp[i,1 ], NdU[i + 1,1] 7)

NdDyy [0 ] NdU [0 + 1,1]]

NdUy[ij]=1

4 BREERLH
R LR AR , DASR: R JR TRHUPLI e 17 52

Shell,., = Nt [i+ 1j]=1 ©) i, et R FRURIE R , R AWIEL, S5 5
YN L
wheny li]= 1, it oeatj= i =B, BRI RN T2 T 3 KA A, B LA
wlbLJ =L v= 4 Mg = e 7 gt ¥
. , RIS BT, RIRSHOLR 2,
NdDy[i+ 1, j]=1
R2 THINELRHESH
Table 2 Structure layout parameters of the example wing
s BRI E KAl B BT E
o ﬁﬁ%i’iﬁﬁ TR )ﬁ?’é‘%’%jﬁﬁl iﬁ#@%ﬁﬁl Jﬁ%?&jﬁm )?#é?é?ﬁﬁ2 ik KA -
ZHCESC| AR | (BbiEK | RS ORK | AR (SHLK | i (R | fECEHE | —_ -
[E]#E/mm | [AlfE/mm | [A]EE/mm
FHAREL) /% FAREE) )% AT )% FAREL) )% HAE)) /% | KE L)) /%
BHA 30 18 35 65 60 66 250 250 860
BHB 40 20 35 70 65 70 240 250 750
ANBIHLIE A S5 F T B A BR TS K 58 R B 4 B A R ITE AR 5 B A 45 R AN 1A 8 B , 45 AL 2

P R N Sl ) ST SR 7 N i (AT S
A7 18] AR [A] , 254 32 4529 798 A~ , A BROCHE AL H B4R
4788 ; VAFLTHI 7 BATT R B, Kl A TE BT, FE R AT
WrAb R 1% AR = BT, R BIPLEE B 45141

9824, A FRTTHEIL B H 28 5892, %2 miiiE M A 1Y
A PAEAL.

P [F) S RO LI SE ) 2R B, e TR R e bR i A
7 AT VATREEA ROt e I B e, R IHLIE B bR B,



EAL 5F: RN CHUEE i R A AR AT T e B

21

T E AR T B T, E R M TVA AR YT BT Y
UL, T AE B A B =M B BRI, DATE Y. B 32T A7 H)
PEOR [ 1 0, AR A A BROT BRI

TEAH R B 8T Lo R, X B A R T B R 17 58
JE 4341, Von Mises . ] 43771 43 51 1 & 7(c) FH &l 8(c) B 7
SRR, N R B R BR T e B A v E B A B A

BT DA 250 52 B i B o A v A8, @ T S A e A B 3
AR

APIRLE AR 7 BITE B AT BAL, E @ PCIT A
AL VERE TARSEEAT I, B UAS AT BT AL X e L 3
SERFH], B BRIT IO AT A 5 AL D, ] PABRE
SR H B .

Contour Plot

Stress(vonMises, Max)

Analysis system
2.816E+02

[2 S03E+02
2.190E+02

= 1.877E+02 .

=—1.564E402 4
1.251E402 &
9.385E401 V-
6.257E+01 y

3.128E+01
0.000E+00

Max = 2 816E

(b) BFRTRE (c) SEEFLIRIMTE

7 THINRSHARERDITER

Fig.7 Finite element modeling and analysis of the example wing for A parameter
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Fig.8 Finite element modeling and analysis of the example wing for B parameter
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Table 3 The comparition of time for building finite element model of the example wing
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Rapid Global Finite Element Model of Wing Box for Civil Aircraft in Conceptual
Design
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Abstract: A global finite element modeling method of wing box is proposed for civil aircraft in conceptual design
based on natural mesh method. Parametric method based on secondary development in CATIA was the primary
appoach to design the structure layout, and create intersection nodes of ribs, stringers and spars. The loading path of
wing box structure guided the process for modeling the topological relations of nodes and the global finite element of
wing box. Finite element modeling examples of wing for civil aircraft show the effectiveness and adaptability of this
rapid global finite element model method.
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