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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the Flutter analysis of an aircraft wing carrying, elastically, an external store is
Received 18 August 2014 studied. The wing is considered as a uniform cantilever beam and the external mass is connected

Accepted 12 October 2014

Available Onlire 22 November 2014 to the wing by one spring and damper. The aeroelastic partial governing equations are

determined via Hamilton’s variational principle. Also, modified Peter's finite-state aerodynamic

model is employed. The resulting partial differential equations are transformed into a set of

Keywords:

|:|Jl‘tltver ordinary differential equations through the assume mode method. Effects of different situations
aircraft wing like the wing without external mass, the wing with a rigidly attached external mass, and the wing
external store with an elastically attached external mass on the flutter speed and frequency are investigated. The

elastic connection numerical results for a wing are compared with published results and good agreement is

observed. Then, simulation results for the wing with an elastically attached external mass are
presented to show the effects of the wing sweep angle, store mass and its location and the spring
rigidity constant on the wing flutter. Results show that sliding the external mass toward the wing
tip in spanwise direction and also toward the trailing edge in chordwise direction decreases the
flutter speed. Furthermore, increasing the store mass and spring constant decreases the wing
flutter speed. Results show that increasing the wing sweep angle increases the flutter speed, in all
situations.

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

b Lalsn izl 6 pdytllan] ol el Laglsa (>l 5 Slge doodo -1
ouds Ll ()b o Sema¥ly T sl Jelos o b ez 0 5 Jb 1) (I98) Sl Ol o Sl soile Snliys 5 Sibial [l o)
b St oo ot sl 095 6395 4 ojlu sl Sllasl o] s e Brae el 4 bl Jo @ sl 0l co iVl
Slagys o it el il slaSs yoais o8 bl Gl L cns 5l solital s e aslitd alaglsn Eile o Saw olge 5 SSAY] 2>

Please cite this article using: S lod o3liiw! Jod @yl 5l Wlio cpl @ gl (5150
H. Pourshamsi, A. Mazidi, S. A. Fazelzadeh, Flutter analysis of an aircraft wing carrying, elastically, an external store, Modares Mechanical Engineering, Vol. 15, No. 1, pp. 49-58,
2015 (In Persian)


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

ol o M)”J-_A'A}

iVl 904y T & Jualie 3B e 9 Lanlgd Jb S5MS Julxs

5 Jb (Seslus )bl Jb o aly 36 2010 Jlo o lag)]
Jlo 5o 0dly Jbb g swze [BT]wo S wyp |y T & Jate 500
Seolizd 5Ll Laglsn sy9m0 psile Sy il (yp 4 2011
2013 Jlo jo oyl cpuimmen [O]oszsls 1 eyl pins (695 oo Lalgn b
B emor e ) v s 93 s &5 9,Kde agly b JL o 506
[10]wssls

A s e Sjgonr Jb 4 () p 2 Jlail laiagy ool 4S50
Gk g oala ) axals ()T oy i 5 WS s Bl g sl oas ad S
Ju @ (2B e Jlail allie cul jocenl a8 5 )18 (pw) 2 0550 U
Sendye i oo el 50 5 Conlond a8 5 a5 0 SV &0y
Sl g ssige prz Bl polie (izmen o Jb o Kde a5l gise el
el 00 gy JU M 58 5 Sy e Jla] e i

oS o Yol -2
0dl (il e 0y sy D jgony GiRgh (nl O o 090 Jb
P S Ol @ ygige 5 oon SVl cools Gl S ol ol

sl 00 ot T 4 (1) UK Billas S1ye 5 518 alowg @ 55 salo

Wlasiseo (L poummew —1-2
¥olae (3051 s & jalate @y 5 Jb Solins (o a4 25 L
(2) Usis illas .ol onds solit] Slatses olfitws cpaiz 5l &8 >
& Jae 1,7,K a5 slolop b XY 0,20 delue class olfws
lowlsn J&5 35,0 €0 ahai 45 Cowl o Coli R oyl gl 50
Jbae; 05 ol L Gilye X2 Slais olSis (pizan 0l
oS ooy Jb & Jate olStws X, Y, Z Slaise oliws (ol 485 8
5,500 4yl b b ohazel o ol X jsme 5 adle b aty; » Golate
(3 Jsz) el

iy UV W Sl Gla gl by 5 sla IS s
Sile @ sloas ool ules (3) S5 j0 1,7k a5 oo b (s5le
Slatbee s JS8 jess 5l LS a5 X, Y,Z olKiws ) ki S s
(X HUV W) Slatuw 4 S s 5o cwl 8 5 )13 (x,0,0)

Yolae gl sl (gl o aid 3 L (o Slatse gloelKiws 2 S5

1 osleis A5 0995 1394 11335 58 (w30 SilSe wiie

Wiglise 092 Iy sz (Sealinog ol (glogyei 5 95 (Sealinng
Sz (Seeliadgpl slogy (nl wisd o KT St¥lg pl slaossny
aS asS oloul o3l o (6 i Gl JSKE st conl San 955 0dls sl
o)l @dly o wishie 58,5 Seeludgnl ey slml el
LS i (pal 995 5 Wlaiantly SVl glo S5 s &y Soliyog ]
Sl See 2 el e obml (Soluogpl sla 5,108 L S s
g oud ojlu slo JS& i anels ol 2555 el Jolge cnl Sen
o oubl o Stiks 51 (S [llas otk 1, o Ll
IR s 050 daglsn Jb el 5 (b 50 a5 (Sealips SCzaly
(Sealiasgnl Glogy (hiSan 5l easay cnl adlge S S
S Sl Wlg oo g 0ol olml oyl Glagys g StV slag
258 Lalon Jb ojle (SLSU
S el oad plaxl Lalsn JU 5 (55) 2 5ol Slalllas
2 st 45 ol TailS 1 lallie b (SemVs T o s 6T ol
Lol S cepm ol adbioe oSSy Jb S Cepw s
o NS 2l [210,8 s U 28 1 il s ¥olas 5l (55 1S
25 e Sop Ko Sygots s iy ol 0 & CSeSe b s 2
Sl Jelos [Blas plonil (55 Lawgs g oad a8 5 ki 0 Jb Sy
ol ol [T sl 5 P 350ls e Lags sl 4 5, gl bowin Jb o
e a sl a5, asly b S 00 e o Jb o Slid (2l ST 050 a5
LM o9 o L wolisS oy 390 9 Jb 25Ty 390 o 03 oS
S35 boky ST Gad heS onl e Rl b oW
So Lol |y ol gl Lol o jls sl 5l (36 gla )l g 5ls 5 sla S5s
Sl 5 Sl gty ol ilis; Blas 4 Jlab 55 ok
T N U S E SR R oLy
w3l Joe S5eelS 39 Olse & Jb sosle G Gl o e
Sl (339 ppimmn Solins g Sibiwl L8, 5 35 Sl gy jelate
o Sealipagpl S5l gl ol oo a3 S Jl 0 (e gyl 5
S 4 ()l s 3l b Sealisgpl (ile and sl g Hlaid e
deol 3l osliial b 1, gipe dmlpd 5 o8> c¥olas 5 win,S ooliul
Jb S 6y oISl e Uy [Bll essai gl silale
Jb bl 50 5 o35 o b glanl o oS 05 e asly b (0jeelS
i 3yl LB Ol Gilsn Ll o Laglsm 5 oad (258 S sete oy SO
50 :8y91 Cawday |y (051 o 90 15 G asile) wils o] (69, 2 0B
2 Fls s oS sl g 00 o0l LLU (6,8 Jote 51 3o o)
Bzl 50 ode] ety gl el ool solanul 380 > 5l L
Sealos )18 p (phed = (chom sla 155 5 glasel Sl a5 wmo e i
2 W Ll S S slays B s cl Fhe gl
Orzmed 5 2Bbee 25l bl Sl 5 Sl L a e sla s
l gRals 0,5 e agly b b ,5 owgme job a4 5 bbb
Sl gkl 2 ) 8&‘1‘. sbe 53 ealy J2b g s je [6]*“5&5”
iz 230l )18 aalllae 8,00 o] 4y o 2 5 Loglon Jb (Sslins

Goland
Miller
Wykes
Brosnon
Gern
Liberscu
Lottati
Roll

PO H PR

50


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

ol o M)”J-_A'A}

iVl 904y T & Jualie 3B e 9 Lanlgd Jb S5MS Julxs

B e
S el am (2 2 5 Jb e 4 S

zk

N

[ 7

B — e
IS8 s 5l s b el b Comdg B SIS

Jb (o (555117272
P e SRS g s el 2285 65 sle @l ol
.[11]wl 0 ob)QT (3) d..]a.;b

L
1
U :EI‘IA\I(GXXEXX +UX718X7] +GX§‘9X(:)dTId§dX (3)
0

Mg o iy (4) 4k, L (3) ala; slacaes
Oy =Eé&y Oxn :ngn ) Gxe::ngé 4)

aSl o (5) alasl, g0 (3) abasl, s
L

o = _[ff(axx Oeyy +0y 1753)( n +0x 556)( g)d nd Edx (5)
0A

sl @brlr oz o 55 5 le 25 WS Ll o B L
G551 Sl 9 i il 5 b by o (1] 3 Slasil
Wl oo Cowday (6) akal, & g0 JU ehd,S

L
sU = I El,w Do —Glp" p)dx (6)
0

Jb s (5551 -2-2-2
(X1,Y1,21) Sexge jo S0 5eesd 5o Jb (53 olgsds aha S GlSe
~[11]°z¢§s‘ I3 (7) aly sllas
X1 =X —W'(n(sing) + £(cose))
y1 =7(c0se) +&(sing)
21 =W +n(sing) + &(cosp) ()
g (8) alay o0t lsiise |y abals pl eyl 1)
V= |:4N ' (nsing + Ecosp) -w '(/:(ncomp - §Sinq)):| i

+¢[ —nsing — &cosg | f+¢[w ' +r[COSq)7§Sin(p:|k— ®)

51

b Jlas!

Ko s 5l o Jb 4 Juate oSws XY, 7" Slake oS
o‘).o.m d..gl) ﬁ)]d‘?"‘)“i‘d“;“s?)l} St Jbé]aia(‘l) JSM..\...:L‘SA
o3l az 50 g0 0ms o i b JSb e 5l om Slaise gl olfiws
s 5 wiliee Jb & Jate (2 pr oS> @ by 050
ez o S oy 1K A gl LXT Y Z" Slaise
Sl I3 =

el 00 00ls L JSE i 5l om0 e mhaw (5) JS5 o
s ghis mho Lol loygxe 7,8 Slaise oSws slojgoe
olSws Tas) o1 oy 35 0 gdien sl 15 0 JSi ,uois o5 o
oot ools Lis (B) JSi j0 45) X gz o U ojlail 4 (7,6 Slaise
J&.ﬁ»w|)bw0w@l}ol} 7 Cgz oW g Y Sz 0oV (ol
K amio 0 o] pgai haib g cans gabaie JK amio » JK axio
x' y97e Je> é]ain 6]4‘” e 445|) OSen ol 00l o0ls wJLQJ
e Jbglp @ g W olil ax s 50 g asll jo0ib e @ o5lal &
OO ezl cde 4V (o250 5 U (5ya5e slo SO s ) g oud a8
ol 00l )Jad_‘))o LQQT

Slatte glaolfiws s 4 5Ls &8 > EVolre 00,551 Cawdds 51y
oslatwl i) o Glaises olfws Jaw paiz adl go K0S 4 alises
[11]..\.:‘0..\...: &l (1) d.Jm‘) o as Sl 00l

i =cosAl —sinAJ

j =sinAl +cosAJ

|

x| —
1]
i

-l
1]
VS
=
|
N |-
=

i

~w (sing)i +(cos<p)]7++[1—%w'2)(sin(p)k~

=l
Il

=l

=-w (cose)i —(sing) j ++[1—%W'2j(005(p)lz

Wi
|

|

=c0os0j +sindk’

&
K" = —sineT +cosok. 1)

Sy WY olro gzl piiw! -2-2
b osibale ol 5 asliial b b (gl el 5 5 ol
[11] o900 oo (2) alal; @yp0a oygikale Jool T g0 cems
tz
I[a(u T)-aw Jdt =0 @)
tl
N iz 6550 Jomily 6550 i 4 UT W (38 alasly o oS
bl ) slagys

- —

“Ti*—ha_.;:'—f:’
EH&haﬂﬁk\\ - i
JU Szl jgze e \TN;- >
‘-»\_‘7*_6’2-&/:\\\,

S Slo S 5ot Sl a5 15 Jb nss B S

1 oleiis A5 0995 1394 11335 58 (w30 SilSe uwiie


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

ol o M)”J-_A'A}

iVl 904y T & Jualie 3B e 9 Lanlgd Jb S5MS Julxs

7 Jomilsy 5551-4-2-2
&3 b @ (2B pz eled e o Sl Jlasl (28,5 1 o L
oo Cewdey (18) alal; 3o 6 Jailty

oU = (kh —kw +KkycsinAw’ —ky,cosA¢)sh

+(—khy¢cosAh + ky ,cosAw — kyezcosAsinAw’
+ky o 2(cosA)2)Sp + (—kh + kw
—Ky o 2(sinA)2W "+ky, COSAQ) SW (14)

IS B9 )l )5 -5-2-2
plnil )5 Jold cceand g0 @y ol oo 1y JU (59, 2 0l plol (g3lone
ol Salindg T (slog i Lawgs o ool )15 5 00 (550 Lawgs o

((15) aat)) 5 s
SNt =N +ONg (15)

Sy WA 5 e o S WE (15) akl,

L
S, =I(L5w + M 86)dx (16)
0

Gl Gam s Seoluvgnl ,5bas sy 4 LM (16) aoles o
Sgdign 03ls padgi (3) ity y3 o4 wil e (Senlizog ]

L
oW = [ (€ RadRq)5p (x ~xe )ox 17)
0

el 00 )l (18) abaly el o w00 yped Jsb i Ry oS
Ry =hk’—[[RycosA—R,sinA|i+(R,sinA+R, cosA| |
HW +Ry )k —(YSinA) ¥ +( yesinA) ']
(18)

ok 5 (17) dolee 5o (18) all, 6,0l b cules o

lss Cssay (19) abla; (ot

L

g = j[(cﬁ —CW +CYSINAW' —Cy ,COSA@)Sh
0

+(—cye cosAh + CY ¢ COSAW —CY 2cosASiNAW'

+cyez(cosA)2¢)§(p+( —ch+kw — CYe 2(sinA)Zw' !
+CY o COSAG + CY , 2COSASINA G')SW ]S (X — X )dx 19

s Scxins¥lg T Jo ~6-2-2

5 (2) 4l 50 (19) 5 (16) « (14) (13) (11) (6) Luly, il L
2wl 60 5 N 60, Wl ro pgtlals Jol )3 a5 iS5 (pl 4 4z
ol e date ()5 oz 5 Jb pias Sty T S¥sles il Sio
g (20) by IS 058 4 e

1 oleiis A5 095 1394 11335 58 (w30 Silse wiie

Sy g 5 (9) alaly & jg0tr Jb i (555 ala,
L

T, =1/2”IRN\T\Tdnd§dx )
0A

b (10) abal; )50 o i oS
L L
5T, :”fg,vv".afdndsdx =—Iffmé.6§dm@x (10)
0A 0A

(11) aka, i (53l a3 o (10) akal, 1o (8) akul, 5,151 L

L
5T, :_IRN (=1, 550 — Ae Wi 5p — Ae oW
0
10+ 1 Wi "W — AW O ) (11)

I ey i 55591-3-2-2
ably @lhe S5 s 5l dm () 2 ) dleSds ahai S e

b (12)
Re :(xe + Ry COSA — RysinA)T
+(RxsinA+ RycosA)]+(W+RZ )R
—yesinAi—'+yecosAT +(ze +h)E+nF+§k—" (12)

sz 5 )y (st (55, Ay o alal) opl (6 Il b
Al e Cowods (13) alasly &gty ()15 02

ST, :7]' f f p,ASRdndEdx =
0A

L
—I[pe(—HAéw+ Yo ASinAW/Sh —
0

~ AW — Yo Ae \c0sAO S —
—2Yo Ae ACOSA ¢S — WASh —
—YeABACOSA 50
—cosAsinAAyeZ(p"éw —hAsh +
+cosAsinAAyez\'A'/5(p +
+yezA(sinA)2W”5W+

+22,Ae AW'SW+ zez\'/\'/”éw

+1 y‘\i\'/”éw - zeAe'A(p’&o -

—z,Ae 2060 — 2,2 AGSp -
—zeAe'A(ﬁée - yeZ(cosA)2 ApSep
1 gp 1,550 -1 050 -
—|y‘eae — CosAYApSh
—COSAYe APSW — COSAY, AWSp
1,050 1,050 —1,¢5p
—1,¢50 — Aep0Sh — Aeppoh —
—AeN5p + Yosin AAe, 50
+YeSINAA, W Sp — Aesh50 —
—YeSINAAC AG'EW — AeaBSW
—AepPSW — AepWibp — AeaWS0)]5p (X — Xe )dX (13)

52


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

ol o M)”J-_A'A}

iVl 904y T & Jualie 3B e 9 Lanlgd Jb S5MS Julxs

ODSan 5 5y 0ad S50 Jlow (595 098 Ol higdpl &S >
[14]..&..5‘54: UL.: (22) d.hﬂ) Oygods AN e A, A 00D

1 N
Jo ~ E;b”i” (22)

s bl oo s @ laye Jili g 5l eolizal L by oS
doles N5l (gl acgomme o o0 Ay polie Jols A} Jlop SO 23,5
(23) b, wjgons L{A} oSl Jo) aspe (Jsene Jemdlis

[Bleesy
(A3 + LJb—w{zn}z{c}[r'{ +U_ cosAd
—UwsinAh"-rb(%—a)(é+UwsinAé')] (23)

oS o Yol o -4

2 Ao syl pizmen 5 Lanlss Jb 53 galy 4 (oliws pshate o
g > lezen sk il (23) 5 (20) Lady, Lol S¥slas olSiws o
ol ool ol oas ool [15] bosgs mozr (39, 5 jolite cnl &
abl, Ojyon boge JSO st oS 5 Ojg0n SVl Gy (b,
b 52 (24)

w(x,t):ZWi(x)Bi(t)
=

w(x,t):grpi (x)D; (t) o)

5 5 olals)l slesge JS5 g (x) s wi(x) (24) akl,
((29) akal)) s2ilioe Sloj a2 DI ) 5 Bi (1)
w; (x) = cos fix —coshp;x
_cos il +coshpl
sing;L +sinhg;L

70 =sin(Z 25)

(sinB;x —sinh;x)

@ bl Gl il o s (20) akal; ;5 (24) abal; 31> b

b Jsb selre 5o x5S0 5 (25) alal, looge S5 50 i
Sz 5l bl jo jsbite l o] e Casoty Jgeme Jawl 00 &¥olee
bl Suy25 Jlow daite B g G Sl oge oz et ln 390

Ll 00l oolazwl An

il s e gl e ) oS s Yol )
Zabgs (26) alasl,

Mq +Cd +Kgq =Q (26)

lad pb 4 gl Jelos 5o Sse sl Olgise |, SYolee
((27) aa)) o5 Joas 2l

Z=[AZ 27)
Syige 5 (28) alaly 0 4 oS el 5o p o 3 Z oS
Z=g' d¥ (28)

el (29) el U2 & [A] e iles

1- Least squares method

53

Bl w @) 4 1p, (Aead—1 U+ AW = pp (<
AW — AcosAsinAyezip’ + yezA (sinA)ZW' "
+2z,Aepw " + zezAV\'/ "+ 1y M — cosAY (A )
+(—kh + kw — ky 2 (sinA)?W " + Ky ,COSA@
+ky 4 2C0SASINA ') — (—ch + kW —cy, 2 (SinA)2w "

+CY o COSA @ + cyezcosAsinAq)’)]&D (X —Xg)
-L=0

~GIo"+[py (Iy ¢ +AepW +1,¢)
— e (~Y o ACACOSA G — 2y A@ACOSA G
+COSASINAAY A~ 2 Aep— 1~ 10
~2,Aep0 —COSAY AW — Yo 2A (COSA)2§
~2,2A¢G —1,.0 -1, .¢) + (—khy sCOSA
+ky o COSAW — ky , 2COSASINAW' + Ky . % (cOSA)? ¢)
—(- cyecosAh +CY ¢ COSAW — cyezcosAsinAw !

+0Y2(c0sA)2@)]5p (X —Xg) =M =0

[os (AR + Ay SINAW ' — Aep ¢ — Ay, COSA G
—AW —Aep6) + (kh —kw +Kky sinAw’
—kyCOSA @) — (ch —cW +CySiNAW’
—CY¢COSAQ)]6p (X —X¢) =0

[pe (-yeAepCOSAG | y RSN

_Iy’9_|2’9_|2’¢))]5D (x _Xe):O
(20)

35 Sbbb Jbw Joo -3
090 silize SLLL Saaldgpl slo (595 il pl Jlos
99 3l sz yolnaSs T (595 dlacs 55 ol 5o [12] 0,25 oo 51,3 ooliciad
Sl Sglate o358 ey 50 4 bayye a5 Wied o LIS oy
oo 5l (G gazme m o gl (555 il (237 s 557
K A caskige 30 adgdme o oadly 290mel ~ il Spoliyog ]
OhHSes 5 5 0ad S Jlw dgamme mlle (5,55 o g, ()
[18] sl 2L o815 25 e Jlw sl
gy Sl 18,8 S o b (phes j5lisS 5 T (g9 IS e
8] w5 ybe (21) ala; ollae JU 8 Soiie
L=xp,b?(-h+U, cosAO-U sinAh’
—ba(6 -U  sinAG")]+
+277 p,U b cosA[-h +U , cos AG

—UwsinAh"+b(%—a)(é+UwsinA9')—AO]
1 3 1. :
M =b(5+a)L + 7T PP [_Eh +U_ cosAO
U sinAR +b(E - 2) G +U_sinAd)]
* 8 2 * (21)
)au_w‘r:)y /10 o..\.wu_i.a)pu JL...:MC)..: .Ia.uls)u.’:‘l)‘ salaul 6‘)4

1 oleiis A5 0995 1394 11335 58 (w30 SilSe uwiie


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

ol o M)”J-_A'A}

iVl 904y T & Jualie 3B e 9 Lanlgd Jb S5MS Julxs

9 Col 0ol Jate Jb a4 o Sjgon (2B iz am al> e o
sz 0 2B e ceal e Jalgd sl O 5By ey
s el [B] o8, 586 5 sty ng, 5 4 (3) oz 5(2)
Aoy i3l b oS amo e olis 5 o) lsden mpt s b lacls>
g IS D S5 5 e oSS e | 25 7

14
Vs
1.2
1
0.8
0.6
0.4
0.2
-45 -3'5 -Z'S -1'5 -'5 ; l’S ZIS 3'5 a5
A
()
o5
11.2
11
10.8
10.6
104
-45 -3'5 -2'5 -1'5 -;: ; 1'5 2‘5 3'5 45
A
<)
(2) 5 5 ey () (59, 2 s Sl 0 S gl oris 516 S
Zd8 Luls 8
O85BS Jolgd o ()5 oy o Jlail b J 5 e s 2 Jguir
P Sede
a3 ao o APy [Blezye  cuz 0 2
(%) Job
0 1/88 1/88 0
0/55 1/83 1/82 02
0/59 1/69 17 0/4
3/65 1/58 1/64 0/6

LT Jolss 1o (2l oz o Jlatl b JU 36 uils 53 Jgar

r Cege

oz 2o )0 ol 8 Blezr e o )15
() Jsb

0 11/85 11/85 0

0134 11/69 11/65 02
0/18 10/88 10/9 0/4

5/1 10/62 10/1 0/6

1 oleiis A5 095 1394 11335 58 (w30 Silse wiie

ORI

MTTK] AMTTC]

ol ohg polie @ axg b gl o | e (55l0LL (slos e

alaly py8 4 sl sty oy polie S Sl )5 3505 et [A]
sl (30)

(29)

Ty 110y (30)
Seabas B 5l gl 5 035 [Kon Sllugs wBl Ty <0 azsls
Ll 5l ot 5 9 asales 151y Sllugs Ty >0 5 151 4 ol oo Jlby
Ot 3 Sl 90 G e T =0 Sl gl aBlioe LU (Sealos
s Sl Bl a1 b enelits b e & Wl
0 9 Sgbiee odual M ¢ Salins (55lubl balpd sl SaaVly ]
0oml M 5y el sols luy S5 Gixe &5 o)l

[1617]0g5 0
bl -5

(1) Jgoz @llae ooz 5 syl Slaseie b b slp siloans
el 00 r:l:u]
(31) ak, Gllae am a0 lo el )b 5l mls ) o Sspn sl

Ll 00l oolazwl

@, L b
z M Q
7. =€ ——£ I
€ p’ e mL '’ N 2r (31)

Ex o3 sl 0p 5 W Ce e Up G55 alal, 0 oS
Aibee JU hsS RS

= bl -1-5
prr Jlal og Jb B S8 g Ce g il (oLl jolaie 4
A3 SVl b g oad ghaiul ()5 pya oo JLail b G 5 (251>
ol 00 dns e

dlbise @blsy @lp ks Jb 5 S g cepu (6) S 0
03l Jol 5 sje Lawgi oS (iagh L @t Sl oad il Jb o Kde
Lol o)l Slsmma o5 o b baolsa g oad avslis ouds plox! [9]
Jb 5 3 g Sy JU 0, de gl Al L oS wes e Las
e im e jloges e Cwond 53 Gl cnl b e Gl
a3 oo (Las S il 8 (sln 1) (a8 oo 9 OB o

5 i g g3l Slasiio ] Jeua

(m)6/1 (L) Jb sk
(Nm2)9765000 (El) sbwd 5
(Nm2)989000 (GI) (s (Sew
(kg/m)35/695 (M) Ju Jsb o=ly 5y
(kg)17/85 (Mg) >, p >
(m) 0/915 (b) JL 555 Jsb o
(N/m)10000 (k) <o yd oy
10(Ns/m) (C) yood o
(kg/m3)1/224 Poo I JE=
1- Stability boundary
54


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

ol o M)”J-_A'A}

iVl 904y T & Jualie 3B e 9 Lanlgd Jb S5MS Julxs

Jb e aes 30 ()1 2 (o255 SunBee Sl ol b M
adly 2l 5o e Ceend )3 et Jb o0, Kde aysly (Rl Loy o
Ay b Cote Cond 3 o b e Ceand 0 and A=45 sl
JEsl g o, Kde agly 2l L (< -8) S 4 az g5 b (izman oo
Gl IS jpea W B L e ad G 4 ()1 0>
Ak e

9 S 695 2 1y Jb @ S (215 p 2 ceai glis)) 51 (9) S
Ol ys s e plid o Kde aygly Galisee polie il a4 JU 58 Lul5,8
4 azgi baiS go st —1<Zg <1 odgazme o ()15 0 gl )l JSS
(ke Sz 3 4z g Cude a0 4z Ze R L (W1 -9) S
Sl Aol azie Koo ole 4wl a5 P Ce sy
SRl O ey il Gl U oges Sz 0 SVl e
sly QRIPI L oSl maly 5 JS8 cnl )3 S i (mizren b
S e bt (0 -9) USE e Gl 5 g b o,k
oS R Gl el (e S 0 4z g St Su 0 43 Zg Rl
O Ll (g05as jemme a4 Cuad Hloged oo Djle @ g e
L oSl s o spai oaalie i JSE oal 3 opdle atkise
e ol 5 53 b o e agly il

——NA=0 — -A=15 --- A=30 - - -A=45

=
-0.5 -0.3 0.1 0.1 0.3 0.5
Y e
(W)
—N=0 — -A=15 --- A=30 - - -A=45
115
1

o =
55
_____________ R 5
8s{ TTrmmemmmT
-05 03 01 01 03 05

13 () 5 O ey () 2 (2)5 2 (o0 e e 18 S
ly g Jb o Kde Gl oblsy (oljl @ Jb 5
Xe=-05, Zg =1, 17, =0.5

55

P Judexi -2-5
Jb 4 e 9 58 S a9 StV Sjaody (2 ) oy i ol 5o
s 451 Loy 5 o0l ooty 5 uilS 3 5 ot pos 5 sl 0 e
dilize slacaadse slil 4 Jb 5 Gl 5 e pes (7) S5 0
o ol i Jb 0, Sde alizee (sblss 9 Jb Jsb o 2y oz s
G S jgige cwa dlols Gl b ass oo Gl (W1 -T) UKt el
oo Jb 0, 5ude aysly Gl L g b oo SRS 58 ey U (sl
Ju sk 015 condse jo 0 cop i il G352
L eizmen il (215 o2 Jla] iz clie (e oS wllioe
FW Sy A>1S @ 3 Kde aly Al Ll g, SO 4 4z g
e GRIPN ptens Sl g gl eogaze axT 3 5 e
ool S5 IS cdl s sese (i (o oT) S (rizen
Dyl go O uilS 8 rals cel b Se oo 4 ()

lite glaciadse i 1) Jb N GulS 5 e e (8) UK
JS8 el 00,5 @il b clizes o Sode sblgs 9 Jb o 0 2B ey
Sy oJl dle 4 S 4y (215 p 2 JEI L am e s (1 -8)
AW e 0, Sde aygly SRl L eiaen 5 b oo RIS IS
e Ceond )0 Cd 350 o0 00yd JSD 50 AT jshasles .l e iulidl

ey 45 el pogiie Gl o aBl e o] Catte Cond | iy Jloge
2.5

—NA=0 — -A=15 === A=30 - - -A=45

0.5
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 2
X e
&))
14

—NA=0 — -A=15 --- A=30 - - -A=45

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Xe
(<)
15 () 5 3 e () 2 (25 2 (o s Cabse 17 JSCS

Gy g Jb o Kde calizee 5Ll sl 4 JU 58
Yo =-0.25, Zg=-1 1, =05

1 osleiis A5 0995 1394 1133558 (w30 SilSe wiie


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

Ve 9 (sunouh )93 Suod _thvla),ququ;ahu;)li[a»slnﬁl,mdlq)sﬂbd.&lﬁ

1.4 I
—A=0 — -A=15 --- A=30 — - -A=45 ——NA=0 — -A=15 === A=30 - - -A=45

0.8
0 01 0.2 03 04 05 06 07 08 09 1 2 0,8 06 04 g2 9 02 0% 2 0.8 z
Tle Ze
() ()
104 16-4
A0 —oA=1S —eA=30 = 2A=SS - — =0 — -A=15 --- A=30 — - -A=45
10.2
10
9.8
9.6
Of 9.4
9.2
9
8.8
8.6 + -
8.4 T
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 84
ne -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 2
(@) Z,
il & Jb M il 3 () 5 53 e () 2 (25 2 olsl 31110 S (v)
Xe=0.5 Yo =-0.25 Zg=-1(lny JboSde dlie Ll 155 () 5 3 e () 1 (2)5 2 (53908 o s 319 JSCS
v @l s Jbo,Sde alide bl sl & Jb I8
5 | Xo =05, Yo ==0.25 7, =0.5
i . . R .
‘JLA;.A t5~>)l> 1 3Cd o)"..xj‘ o> Jl) );)U uwlf)s 9 Sy s.:‘ly.u.!.)
09 ools olzs (10) S jo Jb o, Kde calisee sblyy lil a0 g o] @ o
Vi os U Jsb Laws y0 (215 py2 45 Cal oads o3 Sl opl yo el s
e oy (-10) ISs [0 a5 jehailen .conl o0 coms SVl &gty
B e SIS 6 ey o Jl & Jeaie 5 o R L 35e
Grzos 5 Ol & oy (ol Glogyes I3l e e (7)1 oy Gl
03 SalS el Wilg e a5 sgdee JU SVl slo JSE i il
0.4 ——————————— Omizrad sl b o Kde gl ol 5l Jais ol 1l 00,8 58 Ce ps
0.1 51 101 151 201 251 301 351 401 451 501 551 60.1 _ . A . . _ . . .
K x10% odgute (SS9 PN s Gl Sl U o Sde agly il
0 gy sy 5 o JLil o o a2, IS, 38 el 5111 S R 2 )l e el Sl 5 (2 -10) Ss sgsiee syl
Xe =05, Yo =-025 Zg=-1 1 =05 &l e e las U
& 5 o Jlail Jme 458, Sy byt GBI L gl o o o S Ll s a8, S, b el a1 (11) S
Wl Gal8l 098 e 0)ly b & 2y oy Brb 1A Gy y3b Jb S cde b osdioe ono o5 skl ams e i MW Cepe 2 1) Jb &
a3 e ) Syl Sl Sy 0 a0y Sediee F3gume plten (5ilb 5 wboo Rl SN ey Jlail o

spime il el JU & o2l o Sml Ll %s &l

S5 4o -6

Lo..:.;lyo Jb 5k ce s p @)B ey Syl JLa.ﬂ b dllas Q_ﬂ o
uLol )‘l oolail L L5~>)l>. e 9 JL C»S).> OYolro el oo R

1 osleis A5 0995 1394 11335 58 (w30 SilSe wiie 56


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

ol o M)”J-_A'A}

iVl 904y T & Jualie 3B e 9 Lanlgd Jb S5MS Julxs

on 5 55 s i Ry(M)
IP9e Sy olyZdo alali SO oy Re(m)
Sar Jb SVl jemee (55 elgls aladi Sy Jlo Ry (M)

IS sl
a4 Jb Jlasl Jomo g Lalon oy 35 e alols Ry Ry R, (M)
oley  1(s)

e 550 TQ)
=S 65U
X Y2 slacuys o Sl s obel> uv,w(m)
GFg b 5l ol s e ps o \7(m5_1)
SO Ce Vg
T sl 5w
Z jyzme gliwly o olml> w(m)
ol clatsw olKws XY, Z
S8 b slatel jo o] X jgme 4S5 Slaise olfiws X, Y,2
ol S s
Lozalg p 2 55 50 5> Slaides olSiws X0,¥0,Zp
bl JS& 5t jome  olee Slaise oy XY
IS8 5t 5l y5ige 2 elee Slatsie oy Xy, 2"
aly JS5 5t jeme (55, p abll S Slatte X, Y12
oo 5y Jlail oo Slate X Ve Ze
s sl boks Yy,
()ols  60)
Slps ss &6 8p
it i S sleadlie  Exyi ExnyExe
S sl hel jeme b Bl ahite Slatie
SVl e (59, alaks
SVl jeme s> j5ise Sl oy g

JuoSde agly A
)W)on)gmﬂowsxlain&t@@c ¢
Syl

& pr B pe(kgm®)
Iz py, (kgm™®)
e S8z p, (kgm™)
g sl 1S Oxx Oy Oxg
Szl jme Jo> Jb Szl iy @
PHGSE o

&l -8

[1] R. L. Bisplinghoff, H. Ashley., and R. L. Halfman, Aeroelasticity, Dover
publications, New York, 1955.

[2] M. Goland, The flutter of uniform cantilever wing, Journal of Applied
Mechanics, Vol.12, pp. 197-208, 1945.

[3] M. Goland, Y. L. Luke, The flutter of a uniform wing with tip weights,
Journal of Applied Mechanics, Vol.15, pp. 13-20, 1948.

[4] G. D. Miller, J. H. Wykes, M. J. Brosnan, Rigid-Body structural mode
coupling on a forward swept wing aircraf, Journal of Aircraft, Vol. 20, No.
8, pp. 696-702, 1983.

[5] F. Gern and L. Librescu, Static and dynamic aeroelasticity of advanced
aircraft wings carrying external stores, AIAA Journal, Vol. 36, No. 7, pp.

57

SrSIREl g (2258 slavge (g, 5l eolaind b g oud ghiiul (ygikeale
@ Bz ko Jlail i lnel jslie 4ol ool > o0
Cool 00 dglio oy sl gl @l b o] @l g oad g Jb
22l 3925 gl b (29 (SlsPren &5

Sz 3 (2Bl Sleiesae (ozren alide o el 5L
T ez ol Gzmen 5 Jb 0 ,Sde asly (b so90s 5 (520 Ik
odd pwyp W SR g Cepn (2 e Jlal Cu s il
o 3 b 4 s ey ko Jlasl alie ams oo oLt gl
AW e Jbaty, 5l (21 ey Al (Al L s ST Ll
a gl 4 g oom Jb o Sde aly 5l Jate onoy nl oo oS
Sz o ol L mlt e &) (selie BT L o Sde bl
odgaza il el Jb alox ad Coons 4 ()15 2y Jll (oS50
2 SWSe S oml L YL 0 (2 pr a3 oMk
B Jb shr coond o ()5 pyr ceai @Bly j0 05l 06 e ralS
Jess 1) Wi oo 55lubl & e &5 (Soaliyog pl slo it 51 o
oels el Jlail e cli g ()1 ey Gl peizmes S (s
SO Sde aygly (b by L 393 3)lge dan ;0350 o0 dsgere M Cueyu
PN g b oo Gl e (Salins Saa¥ly (5l eogamme <L
R SRT SR LT LRI

e iy =7
chie g AmM?)
Opgdl 5 sl ahais Ols Jlop F(msT2)
Fs Jsb caas (M)

203 cuye C(Nsm™)
L Jese  E(Pa)
s*r Jsve  G(GPa)

k' sbewl) 8 550 glml>  h(m)

ey glaloy 1,7, K
58 Jb laises olSiws 4 Jaite a0 slajlon 7,7, K
Losslon oy 5550 4 culs &Sy slolo s Tg, Jg, Ko
Slas Jb clasre ofaws 4 Jaie aSy slajlon 71,1
e Olaitue olKws 4 Jaie &S5 slajloyy 7 7 K7
S5 e

Y jg7ee 4 S jomme glafio mhavs oyl HolisS Iy'(m4)
7' j5ome & S jye glaile el gyl lisS 1 (m)
e cers K(NmY)
Seslzdgpl 55,0 LM)
Judsb ools npy> mkgm™)
5o pr Me(kgm™)
Seelaogpl pgiinge M

1 oleiis A5 0995 1394 11335 58 (w30 SilSe uwiie


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1394.15.1.23.9]

ol o M)”J-_A'A}

iVl 904y T & Jualie 3B e 9 Lanlgd Jb S5MS Julxs

[12] M. Mohammadi-Amin, B. Ghadiri, H. Haddadpour, Unsteady aerodynamic
analysis using boundary element method and continuous-time state-
space modeling, Modares Mechanical Engineering, Vol. 11, No. 1, pp. 89-
101, 2011. (In Persian)

[13] D. A. Peters, S. Karunamoorthy, W. M. Cao, Finite state induced flow
models; Part I: Two-Dimensional thin airfoil, Journal of Aircraft, Vol. 32,
pp. 313-322, 1995.

[14] D. A. Peters, Two-dimensional incompressible unsteady airfoil theory -
An overview, Journal of Fluids and Structures, Vol. 24, pp. 295-312, 2008.

[15] S. Rao, Vibration of Continuous Systems, Wiley, New York, 2007.

[16] E. H. Dowell, R. Clark, D. Cox, H. C.J. Curtiss, J. W. Edwards, K. C. Hall, D. A.

Peters, R. H. Scanlan, E. Simiu, F. Sisto, Th. W. Strganac, A Modern Course
In Aeroelasticity, Kluwer Academic, Dordrecht, 2004.

[17] D. H. Hodges, G. A. Pierce, Introduction to Structural Dynamics and
Aeroelasticity, Cambridge University Press, Cambridge, 2002.

1 oleiis A5 095 1394 11335 58 (w30 Silse wiie

1121-1129,1998

[6] I Lottati, Aeroelastic stability characteristics of a composite swept wing
with tip weights for an unrestrained vehicle, Journal of Aircraft, Vol. 24,
No. 11, pp. 793-802, 1987.

[7] S. A. Fazelzadeh, P. Marzocca, E. Rashidi, A. Mazidi, Effects of rolling
maneuver on divergence and flutter of aircraft of wing-store, Journal of
Aircraft, Vol. 47, No. 1, pp. 64-70, 2010.

[8] A. Mazidi, S. A. Fazelzadeh, The flutter of a Swept Aircraft Wing with a
Powered-Engine, Journal of Aerospace Engineering, Vol. 23. No. 4, pp.
243-250, 2010.

[9] S. A Fazelzadeh, A. Mazidi, Flutter of aircraft wing carrying powered
engine under roll maneuver, Journal of Aircraft, Vol. 48, No. 3, pp. 874-
884, 2011.

[10] A. Mazidi, S. A. Fazelzadeh, Aeroelastic modeling and flutter prediction
of swept wings carrying twin powered engines. Journal of Aerospace
Engineering, Vol. 26, No. 3, pp. 586-593, 2013.

[11] D. H. Hodges, E. H. Dowell, Nonlinear Equations of Motion for the Elastic
Bending and Torsion of Twisted Nonuniform Rotor Blades, NASA
Technical Note, 1974.

58


https://dorl.net/dor/20.1001.1.10275940.1394.15.1.23.9
https://mme.modares.ac.ir/article-15-6450-fa.html
http://www.tcpdf.org

