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* Objective

Laminate i

Laminate i




* Bending-torsion cross-section properties

357 MNodes

88 Elements




) . 1
For bending properties — E=E"=—

‘a E" ny G are the equivalent elastic constants
11

For torsion properties of the laminate, where the compliance coefficients

12 aij and dij are obtained by inverting the classical

_ b

openpart — G=G = _ - _ _
t°d, laminate constitutive equations. The superscripts

1 ", N/ o .
closed part — G=G" =— m” and “b” indicate the membrane and bending

lagg modes, respectively.

. E_Yzz E]zd) - Eyz E]y(b

yS = _ — 2
E] » EI zz EI yz

_ EW Ejy(b B Eyz ET, z0
El, El..— EI .




* Assumptions and kinematics

Laminate i

Laminate i

Z/E_Tn

u=u,—y0,+z0, -0,
v=v,—(z-2z,)0,

W:WS+(y_yS)ex




* Nonlinear structural analysis

Configuration
attime t

Configuration at
time t+At










* Design sensitivity analysis







* Numerical Examples




—Initial design

Initial design

— Initial design

——Initial design

600 800 1000




Initial design

Optimal design

YJ,‘ZJ [mm]
Yp,‘ZP [mm]

A [mm?]

wg [mm ]

0;2.5
20: 102.5
800
1170

-24.2; 19.6
13.5; 105.3
947.8
501 *

(*) — Active constraint

——Optimal design

—Initial design

—— Optimal design
—Initial design

——Optimal design

—— nitial design

400

600

800

1000

1200

1400







F, =5300N

——|nitial design Initial design

1000 2000 3000 4000 5000

Load [N]




F. =7000N

F. =5300N

= Qptimal design

——Initial design
Initial design

——Optimal design

T
4000

Load [N]

Initial | Optimal
design | design
Yp,Zp [mm]| 82;80 |82;98.8

4 [mm?] 792 862

Fo [N] 5300 | 7000 *

(*) — Active constraint




Initial design Optimal design

Laminate 1 [0/45/-45/45/-45] [0/44.2/-44.2/0/0]

[0/45/-45/45/-45]_ [0/44.4/-44.4/0/0],

Laminate 2

Laminate 3 [0/45/45/45/4515 [0/43.7 /743.7/’77.6/777.6]S

GJ [N.mm?] 7.72E7 7.72E7
For [N] 5300 7000 *

(*) — Active constraint]

F. =7000N

F. =5300N

——1Initial design

——Optimal design




e Final Comments







