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The effect of laminate layers and follower force on optimum flutter speed of
composite wing
Mohammad Reza Fallah, Mojtaba Farrokh®, Saied Irani

Faculty of Aerospace Engineering, K .N .Toosi University of Technology, Tehran, Iran
*P.0.B. 16765-3381, Tehran, Iran, farrokh@kntu.ac.ir

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
Keywords subsonic and incompressible fI_ow was used for aerogiynamic mogjel in the time domain_. Using the
Aemelasti'city assumed mode the wing dynamic 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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layers
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Table 4 Results for wing without engine mass and thrust

oo Gl 1) Sl aysly 4 s 8 Casjas (500 angy jslate 42 )
Syge 4 (Jol Jd) ads) Comemr i35 53 55 03 &5 g pebples
ool 48,5 L s adyl 4y 9 B 4 o o .ol sud oy ol
9 58 o guz ol 0l ools lis calizes glo Judos jo SUI 6l

Ol S35 9 99590 £y o Jb sl s 4 Jgur

(M/s) aege 53 e pos Sl a4 (mfs) 526 e S 4yl agl; Y slaws
26.5 [-2.71s 4.22 [0.003]; 2
31.1 [-6.5,4] 4.22 [0.001,0.04]; 4
45.7 [-45.5,46,46,-29] 49 [-0.53,0.2,-0.23,-1.06]; 8
46.4 [-45,45,45,44,39], 4.44 [’0'085"0'5338'505'0'39" 10

Table 5 Results for wing with engine mass and zero thrust

Fo ol s g p2 b b sl s D Jgus

(M/s) arge Y6 e pun S aige a3 (mfs) pdb e pun SLI adol aygl; &Y sloss
15.6 [-2.8]s 5.4 [-0:19]s 2
32.3 [-5,16.5]; 15.01 [-1.75,-0.024]; 4
4275 [37,-55,-22,11.5]; 5.27 [1.77,-1.27,-0.57,-0.52], 8
427 [31.7,-51.3,51.5,-25,-1.5]; 5.01 [0.012,0.12,0.048,0.62,0.47]; 10

Table 6 Results for wing with mass and p=1 thrust

P=1 Olriey 355 5 55 e o2 b Jb sln b 6 Jgor

(M/s) ange 53 e pos Sl a4l (Mfs) 53 ey S 4yl agl; Y slass
15.6 [-2.8]s 43 [0.0056], 2
40.2 [-6.2,29]s 4.74 [-0.487,0.485], 4
44.2 [-9.2,7.5,-24,24] 4.24 [0.024,0.16,0.1,0.7]s 8
44 [-16,6,2.3,-2,2.2]s 4.23 [0.053,0.15,0.15,0.036,0.34]; 10

Table 7 Results for wing with engine mass and p=2 thrust

P=2 ol pi 955 9 5590 £ b b sl @ T Jgur

(M/s) arge Y6 e oo Sl gl (mfs) pds e pun SL gl asgls Ay olass
18.1 [-4.3]s 4 [-0.5]; 2
457 [-9,271s 36 [0.08,-0.6],
53.1 [-16.7,-2.2,25,21]s 353 [0.05,0.08.2,0.3,0.96]; 8
52.8 [-18,-8.3,19.6,1.3,0.3]; 5.15 [-2.16,-0.84,1,1.13,-1.4], 10

Table 8 Results for wing with engine mass and p=3 thrust

P=3 ol ri 355 9 550 o2 b b sl @l 8 Jga

(Mfs) ange 530 e pos Sl a4 (mfs) 53 ce S 4yl asql; Y slaw
18.5 [-4]s 0 [-0.5]s 2
30.3 [-11.6,7.8]s 0 [1.2,-0.5]; 4
305 [-9.3,-15.8,3,24]; 0 [-0.26,1.09,-0.88,-0.52], 8
30.3 [-16,-3,-7.5,-0.5,5.7], 0 [0.033,0.85,-1.8,-0.05,-2.06]s 10

Table 9 Results for wing with engine mass and p=4 thrust

P=4 Ol rie G955 9 ,9590 £y b Jb sl @l 9 Jgu

(MVS) arsge 506 o Sl a2l (M/s) %6 s ENPUEPWE Y slas
136 [-8]s 0 [2.3]s 2
19.2 [-18.5,-7] 0 [1.15,1.5] 4
19.2 [-19.5,-14,-10,-8] 0 [0.56,1.66,0.52,-0.9] 8
19.3 [-17,-18.6,-16.2,5.7,15.7] 0 [0.35,0.9,2.5,-2.2,0.03] 10
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