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o P ol en#cF H#-3 Nonlinear Programming (NLP)

find Kbty Rt Design Variables
to minimize  f{x) Objective Function
subjectedto G, (x)= 8i (DE} —-120 =1, NINECZT  Inequality Constraints
i
h,(x) | ; :
H.(x)= T it 1 N AN 01 ) Equality Constraints
]
FoERyER] Flwa NDV Lower/Upper Bounds

* Analytical condition exist for local minimum (Kuhn-Tucker Condition)
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e Kuhn-Tucker Condition
find X

tominimize f(x)
subjectedto g.(x) O 1=1,......, NINEQC
h;(x)=0 ]=1,....... NEQC
 The necessary condition for the optimum is
g,(x)<0; h;(x)=0
A-gi(x)=0; 4>0

NINQC NEQC

VEC)+ D 4 0,0)+ 2 4-hi(X)=0  4>0
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The Three Basic Conceptual Variables of
Engineering Optimization
. Sizing, Shaping and Topology
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What Is Structural Sizing, Shaping2martDO
And Topology Optimization
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e Sizing — s =TS
 changing the parameters of the structure, witho
the geometry, shape and configuration_of the
e Thickness of the shell element "
e area of a truss member
e cross-sectional dimension of a beam member
« Variables in the analytical solution
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What Is Structural Sizing, Shaping2martDO
And Topology Optimization

« Shaping —

« changing the parameters of the structure, which will alert
geometry, shape and configuration of the structure.

 However, the shaping is limited in the cases that the topology of
the structures is not changed
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What Is Structural Sizing, Shaping SmlggrtDG
And Topology Optimization

« Topology —
« To understand topology optimization, it is necessary to
understand the term “topology”.

 Topology Is very conceptual. However, for our case, it is all
about two things (so far)

o Connectivity

* Void/Holes
VY
XX
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What Is Structural Sizing, Shaping SmlggrtDG
And Topology Optimization

« Topology of Connectivity
* The following structures/network has the same Topology of

Connectivity
O (2)
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What Is Structural Sizing, Shaping 2martDO
And Topology Optimization

« Topology of Connectivity

* The following structures/network has the different Topology of
Connectivity

Y Vil Ve,

e hen-Yeh Chen, Ph.D.

BERE S-Y.Chen@FEA-Optimization.com

Tel :Mobile : 886-937-485-842
FEA-Opt Technolo : :
.I wmeEAFO‘p)ﬁmizaﬁon.com = @Cupyrlght. All nghts Reserved




What Is Structural Sizing, Shaping 2martDO
And Topology Optimization

« Topology of Connectivity

e The design domain for topology of connectivity can sometimes
be defined by the “ground structure”
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What Is Structural Sizing, Shaping SmlggrtDG
And Topology Optimization

« Topology of Connectivity

* The design domain for topology of connectivity can also be
defined by the Boolean operation of geometry
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What Is Structural Sizing, Shaping 2martDO
And Topology Optimization

« Topology of Connectivity

 In the “ground structure” with n nodes, we establish the ground
structure by connecting every two nodes. This will create a
structure with m=( n*(n-1)/2 ) connecting lines

 If each line is associated with one binary DV (0 or 1) to represent
Its elimination or existence, there are totally 2"m possible
combination of topology for this group structure.
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What Is Structural Sizing, Shaping SmlggrtDG)
And Topology Optimization

« Topology of Voids/Holes
* The following geometry has the same topology of voids
(pictures from www.wikipedia.org)

oeebP
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What Is Structural Sizing, Shaping SmlggrtDG)
And Topology Optimization

« Topology of Voids/Holes
« The following geometry has the different topology of voids
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What Is Structural Sizing, Shaping SmlggrtDG)
And Topology Optimization

« Topology of Voids/Holes

 The design domain for topology of voids and holes can
sometimes be defined by Boolean operations of geometry
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Real-World Hardware
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Finite Element Model
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Mode Test Nl |Error(®%)] ENH]  |Error(%)

1 21.57 21.03 2.50 21.58 0.05

2 31.01 29.23 5./4 31.03 0.06

3 95.78 92.63 5.65 95.78 0.00

4 60.28 98.72 2.59 60.28 0.00

S 63.17 64.10 1.47 63.16 0.02

6 86.23 84.50 2.01 86.23 0.00

[ 90.48 81.82 9.57 90.48 0.00
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