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The effect of laminate layers and follower force on optimum flutter speed of
composite wing
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ARTICLE INFORMATION ABSTRACT

In this article the composite wing aeroelastic instability speed is optimized by genetic algorithm relative
to fiber angle for different layers and follower forces. Aircraft wing is modeled as a beam with two
degrees of freedom, which is a cantilever, with thrust as a follower force and mass of the engine. For
structural modeling of composite wing the layer theory has been used and unsteady flow assuming

subsonic and incompressible flow was used for aerodynamic model in the time domain. Using the
Keywords: . . . . . . -
Aeroelasticity assumed mode the wing dynar(uc equations of the motion were derived by Lagrange equations. Linear
Flutter flutter speed according to the eigenvalues of the motion equations was calculated. The process of flutter
Composite wing speed calculation has been converted to computer code in which the number of layers, angle of fibers in
Optimization each layer, the mass of the engine, and the thrust are input variables and the flutter speed is its output.
Genetic algorithm Using Genetic Algorithm, optimum flutter speed was obtained by changing the angle of fibers. Finally,
the impact of the number of layers, the mass of the engine, and thrust on optimum flutter speed has been
investigated.
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Fig. 1 The wing with engine configuration[13]
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Fig. 3 The wing situation before and after the deformation of
elastic[17]
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Table 1 Geometrical specification of the composite wing
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Table 2 Material specification of the composite wing

Jade eyl

2 x 10!t (Pa) E1
5% 10° (Pa) E2
5 % 108 (Pa) G12
0.25 v12
024(m) Je 5 sl
0.017 (m) b calies

S5l Jb (i lizel B Jgur
Table 3 Validation of composite wing

(M/s) 2 ey wls b (M) 6 ey Jeo U
135.71 [19] &= 32.2 [21] &> 1o
136.24 [22] &> 324 ol

135.9 yol>
! Selection
? Crossover
® Mutation
230


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.11.4
https://mme.modares.ac.ir/article-15-2838-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.6.11.4 ]

Obled 9 ZM8 Lo ) Sexeo

RI90 Jb s )3MS e pu o Oty B9 9 G Y H8B Gw) e

50

45 :.:...'.' ...................................

a0 | i
N .

30
25

20

Flutter speed (m/s)

15

10

Generation
Fig. 6 Flutter speed optimization process of wing without engine mass
and thrust for the various layers
Slr Olrin o 5 55 pr ey Jb S St s (3l gy 9, B S5
Gilie slaayy

50

45

40

35

30

25

20

15
10 -+ =+ = Without Engine Mass

Optimum flutter speed (m/s)

With Engine Mass

0 2 4 6 8 10 12
Number of laminates

Fig. 7 Optimum flutter speed of wing without thrust for the various
layers

iz slo 4Y (6lp o)l i S o Jb a8 e T IS

Olrie So lp P Sy a0 o0 (LS @S oy p Sl 00
Wbl oo pSTas p=2 logas
Soy & Sl ba¥ sl ¢l 1) il ;Ko Ll o
b oo sl oS jebles il a8 5 plowl ool (58 ol olpdy
Loy olaws iul38l b a8 09 o conlice 16 b 12 slo JS2" 4 azgs
&S Sl Gl w50 el cpl cde ol 4l mal58l g laubl Ce
PR S (3908 A Sl Jb S piueelas a2 )3 laaY slass l3l L
dlagi (sl W S pu &5 wad e i @S Geizmen 35800 i
olaws obojl a5 Cé T aml el o g )l glais glas 10 98 slaay

D, M8 Ay sy 50 (6,50 Y 8 31 i ey

231

100

Bending mode

- — - - Torsional mode
90

80

70

Frequency (Hz)

60

50 | --

o b
0 50 100 150

Veclocity (m/s)

a) Frequency vs air speed plot
Ol S s ey lS 53 1505 (A

0.04
002 f Flutter point

0 frmmmmmmmmmmmmmm e
002 f

-0.04

006 f ~~.

ing
]
1

Dampi
/
/

008 f .
01 .
012 f .

-0.14 Bending mode \

-0.16 - - - - Torsional mode

018 b
0 50 100 150

Veclocity (m/s)

b) Damping vs air speed plot
Ol S s e il JJoges (0
Fi_g. 5 Variation of frequency and damping vs air speed for Goland
wing
SlS b sl Ol S o (il 5 ISP Dl S S
by slass ial3dl Geimen a8l (2l3l U s abl S oy
Jlas jobay ol anily Sl 56 4Y 10 4 4V 8 5 b gg5 ol o
ools yioled P b asm o o e (590 91nol Ll Y slaws bjloges ;o
59 3 ko Olrter 590 b Jb atge S ey T ST 50 el o
b AMFLLKG) s5350 o2 (235 S5 10 L5 ysige oy (g Sl
) 5 die Sae e y9ig0 py2 00,5 (0 alixdle & (5 5blen el 0sd
A2 oo ualS olge iST 5o
sleay s s it Gliin o lr ) Gileante e
ools Limles "11 58 sla S o o] mls 5 el oo plowl aseine

! Number of laminate

6 o lois16 055 1395 g piib e Suilke wise


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.11.4
https://mme.modares.ac.ir/article-15-2838-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.6.11.4 ]

Obled 9 ZM8 Lo ) Sexeo

RI90 Jb s )3MS e pu o Oty B9 9 G Y H8B Gw) e

60

Flutter speed (m/s)
w
o

N
o

[
o

different thrust

30

Generation
Fig. 11 Flutter speed optimization process of 10 layer wing for

u.l.“.muI).......: S9p ‘_gI).! 4.1\]10 JL ).QIB [Lrpow L_g)L...m.....e‘; Xy, 11 JS.»)

45
40 '
35

g | (T

E E f"

3 25 l:-"".

& k7

z 20 fY

Z 15 P
10 : - === nok10

.............. nOI:8
5 — - —-nol~4
0 nol=2
0 10 20 30 40 50
Generation

60

Fig. 12 Flutter speed optimization process of p=0 thrust for different

layers

sy 6l p=0 ol pig (g9, Cov M Cae o (6 jludinge Vg, 12 Js

50
45
40
~ 35
©
E 30
ke
(<5}
2 25
2]
£ 20
=
L 15
----nok10
10 Hl nol=8
5 — - — - noFF4
nol=2
0
0 10 20 30 40 50 60
Generation

Fig. 13 Flutter speed optimization process of p=1 thrust for different

layers

sl slp p=l ol i (g9, Cod M8 Ce o (6 jludinge W, 13“

6 o)lois 16 )93 1395 D9 )i ()30 Suille wadie

20

H
(8)]
-y
I
I
I
~N

Flutter speed (m/s)
=

— p-4
.............. p=3
5}t -——== p=2
0
0 10 20 30 40 50
Generation

Fig. 8 Flutter speed optimization process of 2 layer wing for
different thrust

ilizes ol i 955 slp Y 2 Jb 5O ey (5l atg w9, 8 S

Flutter speed (m/s)

50

60

45
40

w
(&3]

NN W
o o1 O

= e
o o o

0 10 20 30 40 50
Generation

60

Fig. 9 Flutter speed optimization process of 4 layer wing for different

thrust

dilitee ol pan o 6l Y 4 Jb M ey (o 3luaingy 29, 9 S

60

50

Flutter speed (m/s)
N w H
o o o

=
o

0 10 20 30 40 50
Generation

60

Fig. 10 Flutter speed optimization process of 8 layer wing for different

thrust

MUI).....J L_gj):.s‘slﬁd%YSijﬁé&;ﬁsjb%&”loﬁ

232


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.11.4
https://mme.modares.ac.ir/article-15-2838-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.6.11.4 ]

Obled 9 ZM8 Lo ) Sexeo

RI90 Jb s )3MS e pu o Oty B9 9 G Y H8B Gw) e

Ay iz SVl (6l g MW S 2l sanze jslated;
Julos S5 a8 oo a1, 18 4 17 la JS&M j0 Wlis ol 0 end aid S
il b sud alasdle 17 S s a8 jebclen cail oo alivs 5l S
Olgie ol sl laas JR{IRVIY astine (golass Sl ey slass
swr a4 5 laaY olaws (Al p=4 s Gen Olte S ln Bges
Olrie o Gl b (Jy <ty walyss ange SN Cey (6550
18 ST il 00T e b dinte S ey Syt ol
Sn e Olrie 595w I L il e S Cae s oS s e LS
csls anlys g3 aig, ol 5w g b e (iul381p=2 lagas Jlaike b
Jolaz Sjgot 5 5 pslaer ciliee slaulos o ay ange sbls;
Kg, SBLI blg; gl ol s @y s duglie .l oo @l 9 5 4
el Jb So i CeblB (o500 (Jg wws e (LA ) (oo

60
50 | -7
—~ "’
4 / ==l
S / — -
~ 40 12 - 7~
¥ /I'/ -
% // //
& L AT OO
530 /,'/,/
= 1/
S ,"/17
.%20 K/ .
o // ,0:3
.............. p=
10 TTTT P2
0
0 2 4 6 8 10 12

Number of laminates
Fig. 17 Optimum flutter speed for different layers

lizee slaas¥ olaws gl a8 Cae 17 Js

60
50 [ N
: '.y"'. \,\
% I _,,__..w..ww"'.’ - N \"\
= . N,
E’ 40 P - N \.\
- =N
§ [ .~ \\.‘\.
2 - \E.\
D | .,
E 30 | \.\
E ~
Eo | N
g- J—\
[ - - == nok10
0 nol=8
— . — . noF4
nol=2
0 , , "
0 1 2 3 4

Nondimensional Thrust (p)

Fig. 18 Optimum flutter speed for different thrust forces
bt o) oy (slog s sl At M e 18 IS

233

60

Flutter speed (m/s)

0 10 20 30 40 50 60
Generation

Fig. 14 Flutter speed optimization process of p=2 thrust for different
layers

sy sl p=2 ol i (59, o M8 Ce o (6 jludinge g, 14J&m

35
30 [ ’:.ﬁ;,u‘,-—_..--v-'.u'-p'a;-r.;-q~m-:“~.mn~u
[ —~,
[t
25 [y
€ [
E cle
- 20 _1:.....
8
&
£ 15
=]
Y10
- === nok10
I nol=8
— =" nol~4
nol=2
0
0 10 20 30 40 50 60

Generation

Fig. 15 Flutter speed optimization process of p=3 thrust for different
layers

sy 6l P8 ol iy (g9, Cov M S o (6 sludige g, 15JSJ:

25
20
@
E15
ke
8
&
B 10
=
" = === nokF10
5 nol=8
— - — - nok=4
nol=2
0
0 10 20 30 40 50 60

Generation

Fig. 16 Flutter speed optimization process of p=4 thrust for different
layers
Sla Y (Gl P=4 i (gm0 Cot PN e (6l At 239, 16 S

6 o lois16 055 1395 g piib e Suilke wise


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.11.4
https://mme.modares.ac.ir/article-15-2838-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.6.11.4 ]

Obled 9 ZM8 Lo ) Sexeo

RI90 Jb s )3MS e pu o Oty B9 9 G Y H8B Gw) e

blyy il 4 ot aralne M Zeey Blpden 955 o oLy s &
Ulss pelass 5 S w5l solizid b s il s oo SUII 4l
ColllB oains L Al ol a0l 241530 0 s s e SLJI

Abbge ol ol pian logyd o (SujeelS b s pdyeelas
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