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Simulation and calculation of bending deformation
of certain aircraft wing

CHEN Jia, YUAN Zhao—hui, LU Si-jia
(College of Automation, Northwestern Polytechnical University, Xi‘an 710129, China)

Abstract: The normal work of cable transmission equipped in the flight control system of an aircraft will be affected during the flight of
an aircraft. So it is sufficient by establishing the model of airfoil on the ground, and making it bend closely to the actual deformation. In
order to solve the problem of airfoil model bending deformation closely to actual deformation,a simple model of airfoil which is aequilate,
isopachous and prismatic cantilever was established. The equation sets of strength and deflection were derived. The effect of airfoil weight
and steal cable operating force on the deflection of simulation wing was considered. The deflection state of simulation wing was closed to
the actual deflection state when there were ten points acting on the cantilever. The coordinates of action point and the size of force were
also calculated and obtained. Then the finite element of CATIA was analyzed. Comparing the deflection of simulation and the deflection
of calculation, the result shows the rationality of calculation according to the small error of calculation desired points deformation and
simulation result.

Key words: aircraft; bending deformation; airfoil simulation; equation sets of strength and deflection; simulation

0 2 = R E IR R T AR G, R, #5838 A 0 2 A
H Mo TR — LI 2 RS, DLk B xR A4 5l

HA AL RGPS I AN R AL SRE R,
P, AR AT R P P 32 B S B AL BT WU ] AL, LASE ST 555 AR
Fi”’“ﬂﬂﬁ“ﬁﬁjﬁﬁ%ﬁﬂ%m%mm SHBORM W EE RN HE AL o RSB
A MLB A AL XN P N R R SRIETTRA JFEIE T R LRI 55

i BHA: 2012-10-12
fEE®N: BR H:(1985-), 55, InPER A, 2 Al IRAE 5 180 (9 F5E. E-mail : chenjiazdh658@126.com
BEBRAN: =0, 5, W1, 2052, 114 2 Ifi. E-mail : Yuanzhh@nwpu.edu.cn


http://www.a-pdf.com/?product-split-demo

543 B A, 2 SRR AR 1 05 B - 423 -

B F AR LI B R, i i ) SR T
AUHESRAS 254 10 ARSI LI, HLILAY
HEMPRES AL T PR B MRS R A2 10M4%:
PR AE I TR/ N )R AE CATIA H, A
FHENE 10 H A A AR AR TS B9 R/ A BEAU L3
PEATA BRICIT , LSR5 B

1 BIIPL3 A 224 FH 1 iH A
1.1 EYEEER
H TN 5 A LS A T X HL R AN R

sl B W TARRYRZ R, AT EE R
LSS AR 00, HEATRILEE 25 AT R FU R
SEPR I A G A IS AR B R S TN L
DA TR BT BT 25 52 S5 R S AT Y B
TR BT Gy A T BN 1 1 7 o

% TZ(y)
REH: SEb, Fh 1
On2) 0»2) 05 25) 0o 2) OnlZ,)
)
F, F, F F, F,
1 BERER AR A
h—F 8 | — R0 KIE; F.0=1,2,3n) —4F A 58
'ﬁ?}ﬂ j] 5 ((ylvz,)7i: 1,2,3"',”,) —’T/F)ﬂ R éﬁ &75:9 Z(}’) _ﬁﬂ(é/] f,%
B, e AT T s 4 b
I ES T oy, 2 AR R, RIEES AR

JEARREAE AR 16T P ) pRESCERA R I B JEE 1 £k
I, 2= 20) k"
B :
(1) B8 GO 45 58 25 8 B A5 A
A h o
(2) IA n A TAER A A R 28R 50 500

LTEER b SRS

(y,-,i: 1,2,-+-,n) ,XTJ‘@E/‘JTI%&F%%U% (z2(r)yi 1 <Y<y
i= 1727"'?"’) ,Mﬁﬁﬁ%ﬁz}ﬂ)ﬁﬁéﬁﬁ (ywzz(yz)vi: 1’29""”’) o

Ko B 0oz)i=1.2,000) O F BAE (nfni=
L2,--o.n) 5 RERNEAY (Foi=1,2,-20.n)
12 ZRNEBRREHHE

A n AR, B SR

Mi(y)zz[_Fj'(yj_y)]vi:1727"'9’1 (1)

4 CyaDi=1 2 (2)

n F/_
zi(y)z ;6EI :

_dzy) - F ) .
taHQD;—T—;ZE] (y-y) +C,i=12,...n (3)

s Mly) —25E 5 o) —HEE; o, —HLE B S
MBI R A5 F—5 TR ERERTDT s ET—321)
M ; C.D —H %L,
AN
y=vyo z(v)=2%,i=1,2,...n
Y=Y z(y.)=%_pi=12,...n
¥,=0, z,=0
dz,(y,_, ]
g; )_& d(yy ) i=23,.m
d‘z] 0.
d(yy)zo
PR n SRR R ) SR TR -
N (yi_yj)
6kl

00 D=z is12.m
2 pr LYl =g = bl
C~C,_,=0,i=2,3,...n
N 0’0‘9’/)2
2 2k
Hrpr
¥,=0,2,=0,
WYy <y<y BFZBEW MRS R L =001712,
i=1,2,...n  WAEE n s 53 B S0 Y 15 IR 4
17 'ﬂkﬁ?jﬁﬁiéﬂﬂﬁ:

Fo+y,C+D,=2,i=1,2,...n

-F,+C =0

i —y) L
2 6E] F/+yici+D;—Z;,,l—1,2,...,n

(i yj) o

L 6EI F+y, C+D,=2_,,1=12,...n 5)
C-C. —0i=2,3,...,n

00— y, 3
Z‘ apr Fir =0
Hrr
Yo= 0 Zo °

2 BEHIHLE T

21 WERBNNRMESHT
s R, R BB T 200 N, R
FAE AU LI AR S, 32 T LN 2 7 o

D TS

El2 BTt izl
T—REGRAA, d—T 5 R KB EAES,




- 424 - Bl H T 304
R AN : 1~9 MER S AR 22 B R B B AR B, O
=T Ly (6)  SWIHLE LA B AR X E AT, 2 8 A

H.: I=bh3/12 ,

Kb Idy E —C e E; B—RM5EE, T h—
R IR R

BU: T =200 N, d =200 mm, E =2x1 011 Pa, b=
0.5 m, ¥y =20 m,

4 b =30 mm B, z =35.56 mm; 24 h =40 mm 7},
z=15 mm; 24 h =50 mm I}, z2=7.68 mm,

SEBR I FERAUALE B th B 5 R
FI97 1) 238, HOO B SR i 1 258N, BT i B
B RE SE /N T R TR
22 TREESERSNIERAN

B ARG S RALERIE TR, RIS S
PLE A HE M B, 7T LAAS 252 1 2R S A Be FE Fn £
BE o ARAUALE R — R, R TR A TE SRR SE
B, R AR (@)K B ENIE- . R
P PR B B3 38 SR 118 20 mo H IS
P22 R, P45 B R A G B AU L3 1) 5
W R 500 mmo Z55 2.1 17 BB 5K T X LAY
ARSI AADIAILIE 1Y) JEE L 6 45 50 mm, FTVH R EK

Fi IR SEBR CHLARIL , e KBEE N 1.4 m IR EH0
IR B IMAE LA, IR AR 20538 AR
FH S AR AR AIAE I R BB A 18 RS e e
ESEBRIRAL . A (4) Fl Matlab 11, 4351145 2]

VEFH BT BB R 22 R B IR 25 R /NI o ASFEAE
IR PR WA % LR A S &
i, IR IR 8 AMVE AT AR s Z [ AL Pl B A
fA1 S 3 s i 3 B

== =
S e e e s — —— -

-~ - -

e e - — ——————

! |< 12
3 SRR
BLIRL 1 B TR 0 S04 ™, FEAR A
AT

5ql*
Y= T384E1
Kby —8BE, ¢ —3 kAT, ET—3200 i,
I —PISZ R 2 TRl
T KB RE 5 R 187 S SR AR ) Ak bR oty JE ) 77 AR
A A 2 far o] R 5

q=bhpg=0.5x0.05x7.8x10°x9.8=1 911 N/m
S bR HEIE, h— RGP, p—FHR BT

8 R A I AR R SR T
H 7 38 A A A LR Z RN R, sk 1 s o

(7)

®1 EANNESENRE

YEM sifE )] ST IN) 73 YER RS V)] PN 72
/mm /N /mm /mm /N /mm
1 500 2 866.5 0.120 93 11 670 5 159.7 1.269 47
3 000 2 866.5 0.120 93 15 600 7 510.23 5.698 24
6 450 6 592.95 3.384 13 17 330 3306.03 0.213 97
8970 4 815.72 0.963 32 18 650 252252 0.072 52

M2 1Al 3, 762 3 SR s 5 .6 S AEH] A
Z AL B T 8 VRS IR AR R B PRI
AL BEINPASAE A SE A SR, MR 14 5
6 592.95 N 17 510.23 N, BRI AT 43 & Sy S H X AL
FEA I AR R

ZE AR AR 20 m, 550.5 m, £ 0.05 m
AL, VR ASAN O 104, 4E S A T 1 K
W 2 From A A58 B R A B 5 B ER B T Ee
F3PUR,

3 PiE
ARBFFERE B 45 SHRTE A BB bR 71

F2 10 =1ERAMERERBMNA

X/mm FIN X/mm FIN
1 500 16 300.9 11 670 -491.2
3 000 -2 865.8 13 655 7 510.2
41725 6592.9 15 600 989.3
6 450 -63.4 17 330 -8 765.1
8 970 -248.3 18 650 79922

950 mm WP XEAILIE i N 7, 505 ) (B a3k 2 BT
7N, FE CATIA BR5E N AT A BRIT AT, Birfs s B A7
BIEAS T W 4 Frs R3S CATIA {50 B 5 B BE4EI AL
H A A EAE RN 4 PR g o e rh A
BERE R LA S 0 UE T 1A & B



%41 M A, 45 R RHLLEE S AR 1 0 LA - 425 -
F3 10RERANEEMAEREIL
B B/ mm BRI B /mm PO/ (0)  Pemm /() BEERZEmm AEIRZE/(C)
310 0.751 72 0.577 0.86 0.6 -0.11 0.269
1310 12.203 0.746 11.91 0.7 0.29 -0.093
2 810 36.234 1.112 36.30 1.1 -0.08 0.026
4 060 64.681 1.509 64.65 1.5 0.02 -0.007
5010 92.560 1.860 92.60 1.9 -0.05 -0.001
6 185 135.596 2.344 135.61 23 -0.01 0.003
7 580 200.343 2.980 200.34 3.0 0.01 -0.001
8 705 264.299 3.532 264.30 3.5 0 -0.000 45
10 205 366.976 4.306 367.01 43 -0.03 -0.001
12 755 589.473 5.672 589.45 5.7 0.02 0.001
14 255 749.106 6.475 749.16 6.5 -0.05 -0.005
15 355 879.556 7.049 879.61 7.0 -0.05 0.009
17 085 1 106.829 7.909 1 106.66 7.9 0.17 -0.028
18 405 1297.413 8.514 1297.93 8.5 -0.52 0.074

K4 50 mmBHLFEZ T3 iR
F4 ERMHENTHREREER

POl Wl salfrRE skt

/mm 15 E./mm /mm 15 E./mm
0.75 0.70 367 365
12.2 11.6 589 591
36.2 353 749 752
64.7 63.1 880 882
92.6 90.6 1 107 1 109
135.6 132.5 1297 1 302
200.3 198.8

264.3 264.2

4 zEE

AWF5E S T OB PL 3R A A A BB R R
20 m, 3 54 500 mm, JEE A 50 mm Y5558 AR A
BB R S T E o SN BRI S
PR R S AT n o B S A 1 5 R B R
(156 A, EA R WL AT A i se
PRAR AR L LA S VRN R i B B A 3, 5 08 T
REI ST [ 5 AR, 8 S P R

AHERAR R T 10 LR AR AR FH T B R/, 28
BT ATAL, 104 kAR PSSR ) B8 IR 25 fe %
UESEBR B PR, F i MHT CATIA 894 FRIT /B 56
WE TR G EE

2% 3k (References) :

(1] R# . CHLR I Rl (M. 650 i 2 Tolk it
2004.

(21 #hIIJ7. BERE 2 M. 5. b ot B S 20H At
2002.

[3] ALMAJID A, TAYA M. Analysis of out of plane displace-
ment and stress field in a piezocomposite plate with func-
tionally graded microstructure [J]. International Journal
of Solids and Structures,2001(38):3377-3391.

[4] WU X H,CHEN C Q,SHEN Y P,et al. A high order theo-
ry for functionally graded piezoelectric shells[J]. Interna-
tional Journal of Solids and Structures, 2002, 39(20) :
5325-5433.

[51 % M, Fmad, sk B TRl 19 B 92 ik
B BIWIE ) ] LA BE 4, 2008, 15(3) 1 1-2.

(6] FIEA, X BA. K5 Matlab7[M]. Jb50: 7 Tolk R
#1,2006.

(7] F .M B B SR AR DO RER BB B2 i )
AT L) . TR %254, 2006,27 (1) : 1-2

[8] ukdeldr, Jndk e, fbLHL FR G b B8 R [ 7 v 1) 1V 3 3 B
[J]. HLH T A2 AR, 2011,40(11) :96-99.

(9] JFEEEE. CATIAA FROT/MHran S 1EE 5 5Ll IM ). Jbat. 4L
ATl feAt:, 2005.

[10] SRl . 5Kk ¥, 2T CATIA V5 A TALHLES As 320
BT T ). HLA,2011,38(1):57-61.

E T



