AOE/ESM 4064 "Engineering Design Optimization™

e Design variables (set of variables that describe the system):

© X=Xp, Xgy ... X OF X = (Xg, Xy v ov e X))

* types of design variables (DV’s)
physical nature: dimensional, shape, material, topology
numerical nature: continuous, discrete valued, integer, binary (0/1)

Selection of DV’s may not be unique.

DV'’s should be independent of each other] TuBE cross-SECTION

For design variables use as many

independent parameters as possible. ' fo-fi=t
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 Objective function (merit function)
measure of goodness of the system that is being designed:

o ) = f(xg, Xp, ... . . Xn)

 to be Maximized or Minimized

* types of objective function
physical nature: cost, profit, weight, comfort, deformations, stress
mathematical nature: linear or nonlinear

LINEAR NON-LINEAR

T T _ .3
f(X) = c Xy +CoXo+ .o+ C X, = [cl an | =cX f(x) = cqxq +c,c08X,
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 Constraints: define the boundaries of the feasible design space
* constraints on design variables
« direct limitations on DV's (side constraints); x. <x,<x’ where i = 1, ...,n
» relations between dv’s (variable linking); e.g., 3x;+x, = x,
* constraints on system behavior

« limits on system output; e.g. stress, displacement, buckling load limits.
 physical laws governing the system; conservation of mass, energy, momt.

* inequality constraints

| gj(x)so ] =1, ST |
* equality constraints
| h(x) =0 k=1 ...,n |
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* Formulation ot an optimum design problem malolyesdtranscrlblng

a verbal statement of the problem into a well define
mathematical statement

» Standard Mathematical Statement

o Minimize| f(x) = f(Xp Xp, oo ey X)

» subject to

0;(x) <0 18 Wy oo g
h(x) = 0 k =1,. Mg
x:‘SXiSXi =1 LN
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Specilal Cases

* Problem is to maximize a function instead of minimization,
Max f(x) =Min =f(x)
Max f(x) =Min 1/f(x)

» Optimizer cannot handle equality constraints,
h(x) =0 g1(X)=h(x) <0 and g,(x)=-h(x)<0

» Optimizer connot handle design variables with negative values,
say, -a < x< b where a and b are +’ve numbers

e Introduce a new variable x =x+awhere0< x
e Introduce two new variables x* — x = x
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