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A Study of Flutter Analysis for the Composite Box Wings with Various Laminates
Y. H. Chung, H. J. Kwon™, D. H. Kim™, . Lee™™". C. G. Kim ™~

ABSTRACT

In this study, the flutter analysis for a rectangular box wing and an actual fighter wing with composite skin,
aluminum spar and aluminum rib has been conducted. A conservative 3D wing-box model of an actual wing is
modeled by MSC/PATRAN and the corresponding free vibration analysis has been performed by
MSC/NASTRAN. The finite elements of membrane, rod and shear panel are used. Using the practical ply angles,
various composite laminates are composed and analysed. The DLM code which is linear aerodynamic theory in
frequency domain is applied to calculate unsteady aerodynamic pressure in subsonic flow region and the V-g and
p-k methods are applied to obtain the solution of aeroelastic governing equation in frequency domain.

=

S

2 AroiAe AA F2ISY MY dRE e AR ZAlld diste FERAE BT RS SRNER
AEHEL, WA 23kspan®t B rib)e EFHEoR st ZeE #HYE TPt MSC/PATRANS
A o] AR 3x 3k 84 BHlo] FEHUT, MSC/NASTRANS o] &3te 1315 4ol 3
24 AEHU(membrane) &4, 12HY Hilrod) 24, Ao d(shear panel) 228 AL gldct 2y HEL AA3F
QD AFAE ol gt thatAl WEAA HHEUT ofeE Gl HFY FY HfHE Aste Futg FHA

A9 F719 o]8< DLMZEVE H {5, Fo5 99 294 AR ez v 2 p-krddol HE5H

o},

1. A & T A% 5E4L #A 9ok ol s F@AEY iy A

T BAL A4 EAd HE&3tsd doM HAGY oY

A 715 dold BEARY A4S FEREY & UIv= kAR, FEEAstY A4S SAY
FAE ZAAZIEME ¥y 2 spdo] tid 28 24 4 & wHetoF #8494 o

I ZAEE KA £ Ao FF3719 FE Eolv ui¢ EIAEE o] &3 TFv] Lo Bud M A7 A

oz AAS 2 It SAN FFAET) e FRH v 18 AW B W Georghiades H Guo S[1]& 9% H e

FAEES dAE FH(homogeneous)F EFH}E THE HF my o]l oE  FPE-uEY  dAd(bending-torsion

N (%%’-ﬁl%%’@v )
P asl Vsl skt (e 2

Gatahet /149 /g et (83




2 A4 PHEPEA-olQ- QAR Wb M R L
coupling) A& Hoste], ¥t vlEg 7159 A4 & 21 ofS% " MM MY FHolE
Aol wal ofF4 JAolA EFH HFZA EYE H
7} Z7b8he Bolth wa Tz o] EAss Ao olZd oA HW o] Mgnto] 7|3 Gl
AAzo] Wadels 3BT A HoHdo] st La W F=F T AR (downwash) wet A Y GEEILI: Eol
B &5o F4H B4o] $A4¥E nazm Ao A¥ FHE oA el vierd F gldh
Cesnik¥} Hodges[2]E Single-cell FElel Axd wel dn
(Web)ot Z-A|(Flangeyell 3] EFARE iy ¢ wOd w(x,s)=—— ff K(x,&s,0)0p(E 0)dEdo (1)
4 Qo2 AEsio] e e AREY Q45 2
z;':‘;j;o‘;‘::“Hﬂf::;;?E‘Q"ﬁg"‘;};E G714 t5 BEYH ARE, ob SAYY WY HEB
. K= A%ss dEe] @ o}gE  WEF(kemel
Argst o], SeE HNE Ve WHS 18U o function)2 998} (= ‘fﬂ’%ﬂ W Spe AnFHR
SIS AR RAAL Wl ol KU BRASE o Gl e naw ol debd - ot
43t Fd Aol dig HAHLE Y dFE Ay
3], .
" 988 P 3 R L e P [ 2 @
S3 Qe AEE o) dou, grrel A% AR 23
< 719 EFE HTE 18T L3spar) R 2 H(rib) A7)1A, xy2 BUlE H(sending poin)2t e ZH(receiving
G& clg ot LAk AT ATHLZ ABFIAL g ool v AZols, ot AFE, ULt AHT
AR ET 2T ol BT FUNIL AEAE BT oo 2a ma AES 083t gl Beann
A= WA AM(core)& B F(honeycomb)S FZ ALR3}E,
F P BUYASE olgad AA® AT b L
Sgoh e ¥ AvoldE AAH BAA Fax
87t 4 F dEF F F2EA dalMe 71E] EFH T3=%(zacosy,—yosinrr)(zocosys—ygsinys),
F 4TS ol&% zukspar) © BE(ib)T2E FAHHE %
AY TEEBL ALEAoH EuRE halqT Hi T;= r=(5+ 2" 3)
8% HL39y. =g HEZtel dad oMz dA=z
AFBSIE 0°, 90°, 45°2] HEAVE o] 8@ HzYelel o s exp(—i k)
3} FYERETH P4 S FENEIA P K= 11+T (1ta) 72
Ky= —3I+-5 fg v e (Ciky %)
2 F& % FY 5Y (rud)
@ My
2 AT ML o}2& ol H AA §EFY GAY P S (Rt &

2 Y4 2= Rdo] gy HEZo) wje TE 54 exp(—i k) uy) @
& Ampa se, G oo 4% Gejl e @ (1+ad)™
2 Aol FE A& FP3t7] 43, okgs 249
T G el A vimA FHEd AngE AASE dF o 7] A
#7138 o]£<2l DLM(Doublet Lattice Method)& ©]&3+3it}. w exp(—ik, uy)
Eg TejE £E2 Bgstr] 98 pk HHT Vgl Ilzf,,, (1+u)” du
Z+zy AEsle vugozy M Hio AHEE A .

o _ (Texp( ik uy)
thoobg& Q9 olslel Wed AdelAsl By Aue L=[ e
Fag Aols ATl &% @ MARgel o :
TSDS e WURALNA UG o8B AN TR u =(MR— xy)/ B ky=—L

a¥& olgstaior drH4)



FI5% 31wk 20020 2

e Hzze de e sgRs o)

Lo

Z88H 5447

B= (= M) R=(x{+ 8* )" B
9 Aol gy ze Bulle @3 T F Alole) y, T
9| 7140191 k2 MEe Zzh A%

S VERdE) @ 0y ' AW mule By
Holl 9 Fukzh(dihedral angle)& <ju]git},

2.2 Box-Wing 72| 3= 25 slf4

w71 WA T i7] ArHE Y3 fdar =2
2p A 0 & 8 AEdF 9 TRE FAE5
Folv} g4 ?—?% AAR 7Y $oldA wad
12 9ald txe 2Y4A
H(beam) 8.4t} FH H(plate) &

o] ALES Hﬂzﬂo}l’ oAl 7} Zli(rod) 2.4 224
B2 (membrang) =& d(shear panel)£.4 9} L}Ol

siEde TR} 3R B 2458 A8 3
o] npRAETh ARE EARTR A det FAEe

z3geog Q8 7|E &5 789
Hale] 7)gtety &sgol = MIZ—.*OJ 3371
wEed HA® mdy  ZAde]l  GUI(Graphic  User
Interface) M9 394 AHe] T ado] ALHo =
a7Eg B AFoAE 33Y fes FR 299 e
9el MSC/PATRANC] F= A& Fon, 4" 2o
i3k F2AE Ao = MSC/NASTRANS & &3t}

Bhatia[5]= Fig. 13 22 71538 42 22& AASHL
o} o] B #Aof Ho3 2 FIF AAEHA veple s
2 ‘5%3 —‘H}o\l BEAS R 4 rio] fk B AT

e ¢3S F2AZZ #1438l Venkayya[6]9} vl
2% a}au, -‘—%wﬂi‘d Graphite/Epoxy(T300/5208)8 R
(skin) ¥-2o hAlstel HAEZe] wE ZelE A d3lE
N is 0 =

Table 1€ B AToA A}L8 2z Tz HEo A3l

f3taroltt o7 f9a AL

Ashspanl A5
%

Ry 2dye 93 £5 d(shear) 2A8T RUY
¥ 7] “H-r‘)i FAgo R WY sEFALS A9 7}
Z2E Qi(bar element)’t E7HE AT F2 AFEZ AL

# gFdge 2AdAs
p=0.1bl/in" oz
otele} 2k

. Graphite/Epoxy (T300/5208)9] &4 A&

E=10.0Mpsi, v = 033,

E \=18.5TMpsi. E,=1.50Mpsi, v=0.24
G 1= G Bw= 0.79Mpsi, G33 = 048M1)Sl
0 =0.0578b/in"  ply thickness=0.004%in

Table 1 Element properties of rectangular box-wing
Structure Element Prollaeny \ialue (]ZaY)
Skin Thickuess (in)

(Aluminum) CQDMEM 004 004 0.04
Skin
MEM 0.098 0.09 .
(GH/Ep) cQD 3 8 0.098
Front/Rear
Spar Web CSHEAR 008 0.08 008
Rib CSHEAR 004 004 004
Front/Rear Area (sq. in)
Spar Cap CROD 200 200 200
Fig. 12 71%&% mdoln
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Table 2 Natural freq. of present analysis vs. Venkayya|6] for
rectangular aluminum wing
mode 1 2 3 4 5
) Ref [6] 6.26 2475 37.57 71.77 110.35
Freq.
(H2) | Dresent | 631 | 2405 | 3770 | 6963 | 108.89

Fig. 1

Rectangular box-wing.
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Fig. 2 Fighter wing model geometry.
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Table 3 Element properties of fighter box-wing
) Property Value (Bay)
structure Element ) ) 3 1
Thickness (in}
Skin CTRMEM 0.098 0.098 0.098 0.098
CQDMEM 0.098 0.098 0.098 0.098
Front/Rear Spar|  ooypar | 0.135 012 009 0.05
Web
Inner -
Spar Web CSHEAR 0.075 0.065 0.05 0.03
Rib CSHEAR 0.08 0.08 0.08 008
Front/Rear Area (sq. in)
Spar Cap CROD 175 135 105 03
bner CROD 100 075 060 03
Spar Cap
Spar CROD 005 005 005 005
Stiffner
Atk Fig 28 A%7] W9 T2 mdn 3y 22 Y
Eldl FHolx, Fig 22 X #3 94 =YL UEhd A
ok,
Fig. 3 Finite element model of fighter wing.
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A4S UehiA HB2 38 245 S Sk wd 0 V-g Method P-k Method
of AA FEAd BHAM BARALL ZANA chelniA Flutter | Flutter | Flutter | Flutter
- O Speed Freq. Speed Freq.
2 &5 g Ui Wegoz 243 g (in/sec) (Hz) (in/sec) (Hz)
0O, 10343 12.41 10350 12.37
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Table 4 Flutter speed of present analysis vs Venkayya[6] for T eolh
rectangular aluminum wing g
% ‘w':-_-BZ—--—"—"——'"—“_"“
span X chord 6x4 15%9 24%9 S el ”"_‘\\\\
e
Flutter Ref.[6] 9,945 10,314 10,400 2 4 & 8 10 12 14 16 18 20
; Velocity (x10° in/sec)
Speed(in/s) { prosent | 9916 | 10264 | 10,360

Fig. 6 V-g and V-f diagram for rectangular wing with ©= -45,
laminated skin.
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Table 6 Flutter analysis results for fighter wing model

( [—45/90/45/6/0) )

o V-g Method P-k Method
Flutter Flutter Flutter Flutter
Speed Freq. Speed Freq.
(infsec) (Hz) (in/sec) (Hz)
0 27380 948 25630 8.91
0./-45, 28220 10.04 26910 9.80
-45¢ 28211 10.08 27100 9.69
024454 30386 9.68 28930 9.68
45 29315 947 28900 9.34
0/45-/90- 31461 9.85 29390 947
04/-452/90 29686 9.68 28580 9.50
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