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Fig.1 Composite laminated panel model with MFC

in supersonic airflow

Oxyz. 1?)3(& o o Fl wy ﬁ%”%%%*ﬁi’ff%ﬁg)ﬁ 3]
fits oy it T MZ SR BE T LUHE )2 G M B AR
B ooy Fl 2 5w B wao Bl w 53 5k

dw, dw,

dy
5 26 3R PE 4R 30 V0 B )2 B iR AT B — R
LA S W YN
e=1{e.re, 7., ) =& T2k (2)
P e, e, Ay, 230 27 F- T A% 4 1 A0 BT Y1) iy 22
I3 HE seo TN AR ) a5 e o 5l R 3R e AL 430 R

Jt‘o{auo dv, aquravo }T

U=u,— 2 V=U, 2 , w=w, (1)

b
dx

dx dy dy  Ix

(3
1 o 7927,00 792w0 o P, | T
Ki{ axt T Ayt ’ a.TE)y}
HEMEZ B kR I RE R
6, =0 (e—aAT) 4)

X o F R T 1] o g Ry 0 AR ) i, AT il B AR
i, Qo 4 W I BE R B P a0 R B ik R B
.0 fla Al LLRR N

0, =T,Q[T.,"]", a={ai+a:,0}" 5
a0 Tl o T2 G AR A K R 500 T g A o B 46
HERE . Q g W BEHE B L AT LRIk

cos’f sin® @ 2sinfcosd
T.,= sin®@ cos’d  —2sinfcosf
—sinfcosf sinfcosf cos’d—sin*f
o a. o (6)
0= {le Q: O
0 0 Qs

0 A G FRLE 477 10 5 75 Y Je . Qo



< 822 - GREIE 225 2024 4F 45 45 3%
le \sz ﬂ] st j":’ RJ'JF;Z%%@ ’ Ef LJ?E/T?%J cos’ ® Sinzgo ZSin¢COSg0
Q. — E, Qu— Ewi: _ Eiwy T,= sin’ ¢ cos’ @ — 2singcosg
J ! 1*V12V21, b ]*V12V21 1*V12V21 . : 2 i 2
*SIHQDCOSSD SIHSDCOSSD COSs QD*SII'I %)
lezl_Evz oo Qs =Gz Cy Cp 0 0 0 0
12V21
N N N e e e e Cc= C C;g 0 s e— 0 0 0
A HFE VE A Gy 43 31 Sk g AR A B D) s . ’
O O C(;G €31 €32 O

%ﬂ V21 %{EM} Hﬁ
BEMEESGWEMNKENS T N LG
M, A LRIR A

n,

JNO - EJ% O'de - Aoso _‘_B()Ki NAT

k=1"Y %1

; (8)
1Mo == ZJ% O'kZdZ = Bg, +DOK7MAT

E=1"Y %1
BV e
(A By D)= EQka
k=1 g

“k—1

(1,z.2%)dz

Nur = ZQ&J% aATdz
k=1 21 (9)

Myr = ZQ&J% e ATdz
k=1 5

k=1

Ko RZAWZE 2 H 2 W5 R 2S5
A AR 1 AR BR L A By BT D 4351 R B A bR
PRI RE KA M BE 0l R S N B0 M Ry 3R
P9 1 R P D A
JE HLEF 4 5 A MR AR B 5 A o
jc,):C,)(sp*a,,AT) —e,E
D, =e,e, +1IE
o, o HL AT 48 5 4 BRI IS ) 1) . €, Dl I
Vi R BUE R g, N IS 18] B e, ) R K R B
e, FE LI 1 OB B L E R L5 B 1 L D, Ol
00 1] 3 IT R A WL O B 363k 50k
c,=T,'CclT,']",

(10)

o, = {a, ray 0"
E=1{0.0.V,(t)/h,}"

00 0 (1D
m=0 0 0

0 0 I
o Bl e 9 R HUBE R TR K R 5.V, (0 i
= J7 1) AN H Hs Ty 24 A0 LR 880, T, O J v 2F 4
S MR A AR B 0 A B C O W R B [ e
s W N g 8 B R L3RR

— 1
e,=eT, ,

DP:{O,O,D:}T,

12
it*@ j{j}:EEEg:FgE/E%*X*;I'E/‘J%&ﬁ&FveH F ess
N s HL RS H B Co s Cro Gy T Cog T FL A BB
W B2 28 T AR R N

C, = E/)l C., = E/)ZV/AZ _ EpIV/)Zl
11 — 12
l_VplzlJpzl l_V/:]ZVpZI l_VpIZVPZI
E,
— 2 —
1C22_19 C66_G/>12
Vp12Vp21
(13)

HH L E, E L H G, 43 B 8 FE LB RE A 5 A R
BTUIME G u,00 R v, R BB BB YA A LE.

FF Hamilton JR @S RGE W E3h R, H
J”<ar——m<4fmm>m::o (14)

KTV K FW 2351 0 4544 1) Bl g L 35 BE A 5 1 e
fik .
o AR A R G BhRE R IR N

T— 1| oG 40 +4dv +
.

L e ey as)
V V.

LV VOV a0l o8 B4 MORHZ B A E AT
By TR L AG A AR TR o 1 o, i B 5 M1 RE RIS
HL B R} 114 %% 2

SR G HReRE AN

K = ij (& N, Jrl«:TMo)clAJriJ (g"e,)dV —
). 2 )y v
4” (DIE)dV (16)
2Jv,

XA N Z A AR R B
A 7 P 2 AU R B AN s Bl
A3 r AN I AT BB Pl W, AT LR N

W, — JAprdA (7

K ap NARE R BT



5% 6 BRARVESS . A BRI A M B BB 4 BT R 3 . 823 -
R R A AT B L T B N S R ) R B (1), (2).(8).(10) ., (18) FI (25 £ AL
o U Fil M. ,?FEJ‘EEFE@%I%IQ»%ZT)LM"AJEI"HE (15-17) F1(22) H, RIAT 3R 75 45 #4) 1Y) 3l BE | #vi8 & Ab
EH RS E A AR STl R AR A (1) o {F AT HE B S B B
Ut (9w, 1 M.—20w U A 2R 1035 Bl A 7
Ap Z (ﬂr U A4Z‘*13t> 18
ME =129 2 M MX () +Cy, X () +(K+K,, VK. X () +K,V, (£)
EXTENIHES AR =0 (27)
A= JL‘;) 1oy AT M RS LA I, o S BB 4 K
‘ - ’ PR A 3 B K, o S 30 W B8 5 B Ko N A
ﬁ*’Dﬁ%M”r“‘%ﬁfﬁ KR K, O BLE R A RV SR B X ()
l)::TEZiiEZE:;TS 20 f“ﬁ(ﬁéfﬁﬁﬂ?%.
M1 B T LA 1.2 K7 E
M2 . BLAIR A7 it
: — 21) .
M:.—1 M2 —1 M ZH=[X1 X ] (28)
ittf:':/z:pya/‘oh. Tfﬁﬂj @ﬁ%fﬂq'{j(ﬁklgjﬁ$I
AT FT A W o Al AR R Z()=AZ(t)+BU (29)
N . JANIEI B 2O A o R
W, :_%U F (9w) drdy+J F)y( ) dedy A HF:AFB %) Jj‘:l%:vvﬁ( S 4 R, T 4 o S
A Iy U s A&, BAR TR
" dw Jdw
A#ZJAP}b‘ax aydfdy) (22) A::[ 0 I }’
~M "(K+K,, tK,;) —M 'C,,

it[:,:l :EWYEE?&% F'Iir \F'l'y %n Fll}ﬁj‘u%/—j——;‘ﬁ

{FT 7FT 7FT3 }T:NATTLNﬁT (23)
AP s NAr oy He H B4R 3l R 28047 1) i, SR IK N
N&r=2h,C,o0 ,AT (24)

FEAR BB A i P 2 A B 2 R 3 7T L3R
TR R RN S A A 1 R B

o (ayst) = D> 6 (U (0 = L (U0

i=1 j=1

o (Tayet) = D> @ (Vi () = @' (2. 3)VI(D)

i=1 j—=1

wy (s ys) = > > gy (e W (0 = gl (2, )W)

i=1 j=1

(25)
K om Mln 53BN o J5 1Ay T 1) A 25
B Lo My 73 B A B S S 10 8. UV Fl W 53 5]
PR AR 1]
X DY 30 B8] SR R A R Rk U

gy (I,y):cos<%l>sin<]

’C*‘:l
<

A
2

gp,(x,y)—%m(”m)cos(]

= ‘

Q

in(

N
<

)
) e
)

</)J(x,y)fb1n(

L&
a

S ‘

0
B:[ j|’ U(f):V()(I) (30)
_MflKu

2T Ay B

R R GRS A, 015 2] 2 AR 1E(E =0«
Hiw s Qr EFFIEAESEHE =27 f Ji 45 4 28 40 1 [ 55
R fRBEAAE. BEE RS A B Y E5
(4 Qr H57AE Sy I Bk 5 AH 20 1) [ A 40 % 8 A 45 4
KA B E X R A B R T A BRI A R S
ETI .

B TR AR AT (9 Th i o 45 4 1 [ A5 40 5 0
W/ o A R N B T 25 R 2 AR T X Y
AR AT FRob i 5 ih i A8 b AT, b T3t
FAER I SR HR AR AL AT, i £ QD PR
AR B 7 B B[] 5 550R 56 (1 300, ] 45 2]

(K+K, )X (1) =0 (3D

AW A5 5 3K 5% T 5, 0] 3RA% 45 44 10 I 5L il
A AT, .

2 EEEHESEERIT

MG MEZE AR S AL AR A



« 824 - W g 22 4l

2024 45 45 4

H 7 5 FL g i A LR
D.dA = K, X (1)  (32)

QW = j« (=2,
KA RS R I, 2, R AL RS
1) Hh P T AL AR L K, DR R B
JE AT s F R AT DA SRR

_ Qh, _
V, TuA KX () (33)
Kb Ky R4, Rk
h,
K, HquK (34)

T B i) B st 4 1 O 125 it n A T A Sl A% B
R 42 1 H T AT LR 7R
Vo (t)=G,V.()=G
G, & LBl s s i il 3 4
B o A A R (27) R, BT AR B T
191 5 it O vk W9 s il o 3 O

KX () (35)

MX (D) +C,X () + (K+K,, + K, +G,KK)X(1)=0

(36)
e A5 52 i g i 5 Be s = E AN 2 BT R B A TR
ol B S B4 e =8 s 15 B AR sl £
Vo T teshass A
GP
| | -
v,
e R

2 W R O s B
Fig.2 Schematic diagram of proportional

feedback control method
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Table 1 Nondimensional natural frequencies of the
simply supported laminated panels
BARE 1 2 3 4 5 6

[0°/0°/0°]

Leissa®’ 15.19 33.30 44.42 60.77 64.53 90. 29
ACHER 15,17 33.25 44.38 60.68 64.45  90.13
[30°/—30°/30"]

Leissa? 15.90 35.86 42.62 61.45 71.71  85.72
ALEER 16.00 35.99 42.81 61.91 72.29  86.60
[15°/—15°/—15°/15"]

Chow!®)  15.40 34.15 43.84 61.23 66.48 91.47
ACHER 15,48 34.21 43.92 61.31 66.60  91.66
[45°/ —45°/—45°/45°]

Chow!®!  16.17 37.62 41.52 63.15 77.33  79.40

ACEER 16,38 37.81 41.80 63.70 78.42 79.94
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Fig. 3 Flutter bound of the simply supported isotropic panel
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panel under different temperature changes
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ent control gains
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Table 2 The geometrical sizes and material parameters of

the composite laminated panel

KE(m) a=0.2
B B (m) b=0.2
R (m) h=0.0006
b A (GPa) E, =150,E,=9
B Y (GPa) G,=17.1
W (kg/m®) 0=1600

MEE/A iz =0. 300 ,u,; =0. 018
P R B/ C) a=—0.07X10 °.q,=30.1X10"°
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Fig. 6 Flutter bounds of the laminated panel under

different ply angles
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Fig. 7 Variations of critical flutter aerodynamic

pressures with the ply angle under differ-

ent aspect ratios
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different temperature changes
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Table 3 The geometrical sizes and material

parameters of MFC

£ (m) a,=0.2
F5 B (m) b,=0.2
JEJE (m) h,=0.0001
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Flutter bounds of the laminated panel under different control gains
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Aerothermoelastic Analysis and Flutter-Boundary

Control of Composite Laminated Panels

Zhiyang Chen Wenguang Liu Long Cheng Hongxia Chen

(School o f Aeronautical Manu facturing and Mechanical Engineering » Nanchang Hangkong University , Nanchang, 330063)

Abstract This study focuses on the aerothermoelastic characteristics of composite laminated panels
with fully simply-supported boundaries in supersonic airflow, implementing macro fiber composites (MF-
Cs) for active flutter-boundary control. In modeling the equation of motion, the influence of in-plane ther-
mal load on transverse bending deflection is considered, and the aerodynamic pressure in supersonic airflow
is calculated on the basis of supersonic piston theory. Motion differential equations of the structural system
are derived from classical laminated plate theory and Hamilton’s principle with the assumed mode method,
then transformed into state space equations. By solving the state matrix eigenvalues, natural frequencies of
the structural system are obtained. Aerothermoelastic characteristics of the laminated panel are analyzed
via the frequency domain method, assessing the effects of ply angle and geometric parameters of the lami-
nated panel on critical flutter aerodynamic pressure and critical buckling temperature. The proportional
feedback control method is used to design the controller, and flutter boundaries of the laminated panel are
computed under different control gain coefficients. Results demonstrate that the laminated panel with a ply
angle of [90°/—90°/90°] exhibits the lowest aerothermoelastic stability across various aspect ratios. For
larger ply angles, an increase in aspect ratio enhances the aerothermoelastic stability of the laminated pan-
el. Adjusting MFC ply angles effectively increases critical flutter aerodynamic pressure. Moreover, the
proportional feedback control method can significantly enhance flutter boundaries, but the control gain co-
efficient requires to be adjusted to ensure stability and performance of the control system. A control gain
coefficient that is too small results in weak control, while one that is too large can destabilize the structural
system.

Key words  supersonic, composite laminated panels, aerothermoelastic, active flutter-boundary con-

trol





