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Minimize/ Maximize f (X)
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Problem Formulation Process

« Step 1: Project/Problem Statement

— |s the project goal clear?

« Step 2: Data and Information Collection
— Is all the information available to solve the problem?
— Performance requirements, resource limits
— ldentification of analysis procedures and tools

« Step 3: Identification/Definition of Design Variables
— What are these variables? How do | identify them?

« Step 4: Identification of a Criterion to Be Optimized
— How do | know that my design is the best?

« Step 5: Identification of Constraints
— What restrictions do | have on my design?

Vehicle Structure Design Optimization - 11




Problem Formulation Steps

+ |dentification of design variables
— Parameters chosen to describe the design
— Independent of each other, minimum number

 |dentification of an objective (cost) functions
— Criterion to compare various designs
— As a function of the design variables !
— Single/Multi-objective

* l|dentification of all design constraints
— All restrictions placed on a design 7 X
— Feasible/Infeasible

— Explicit(y(x) = x? — 2x)/Implicit(y® — y2x + yx - vX = 0),
Linear/Nonlinear, Equality/Inequality
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MS Excel
— GRG2, & X|:

MATLAB

I =04

Optimization Toolbox: fmincon (SQP)
Global Optimization Toolbox: GA, SA
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) Optimization Tool
Eile _Help
Problem Setup and Results

| —

o

EBX
Options o5
(= Stopping criteria e

Max iterations:

Algorithm: | Trust region reflective ~

Problem

Objective function: v Max function evaluations:

Derivatives: Approximated by solver v

Start point: X tolerance:

Constraints:

Function tolerance:

Linear equalities: Aeq: beq:

Bounds: Lower: Upper: Nonlinear constraint tolerance: {
Fun solver and view results

Start

Current iteration: Clear Results

aw

@ Use default: 400

O Specify:

@ Use default: 100-number0fVariables
O Specify:

© Use default: 1e-6

© Spechy:

@ Use default: le-6

© Speciy:

@ Use default: le-6

© Specify:

= Function value check

[ Error if user-supplied function returns Inf, Nal or complex

(= User-supplied derivatives

Final point:

Hesslan sparsity patiemn: (@ Use default: sparse(ones(numbarOfvariables))

O Specify:

= i derivalives

Finite differences:

Minimum perturbation: (& Use default: le-8
O Specify: )
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f(x)= (% %)

h(x)=0, j=L1...p
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j=1

J

L(x,v)=f(x)+D v,h (x)=f(x)+Vv h(x)
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Kuhn-Tucker necessary conditions (1)

x* I} RIERIBHHOl HEFO| D, CH2 O MU SHOIA B 4 f(x)2 2=
2 A 02} BHKL

Il
[
010
EH T
My
=
0
1o
rol
0

Ol =M2 et Atk g =

L(vu,8)= £(x)+ D uh (x)+ S wlg (x)+ 87]= £ (x)+vTh(x)+ u" [g(x)+ ]
i=1 i
8 02 XS Bt=ote 2 deth = v @ u* JF &= sH.

(0L of & -oh & .9g
= + >V —+ > U — =0 = N
oX;  OX; ,221: | 0X, ,221: | oX, J=1
h(x)=0 i=1...p
SN .
6(x )+s*=0; i=1...m
u's =0 i=1...,m (switching conditions)
u >0, i=1..,m
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Kuhn-Tucker necessary conditions (2)

—
- OfE FOX MOl HE HANES N/ SRANNE B
- Jlotsr A 20|
- SHE$0 SO BATHEWS0| HAE 40 FATHES
of MEABO0I0Y, RN SAI BB 22 M ALE

_%:iw*a—miw*%: J=1...n
e x4

« O|XI==2] Ji=:x,u,s, Vv (nt2m+p) = # of eqns
« M etA A (switching condition) = E&2totA A
(complementary slackness condition)
{gi (x")<0(inactive, s > 0) > u =0

g,(x")=0(active, 2 =0) > u’ >0
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Example

Minimize f (x,x,)=(x—-15)"+(x,~15)°
subject to g(X)=x+X%,—-2<0

X ~ Minimum point C
A A f-075 xt=(1|1)
\ f(x*) =05
2
- (1.5,1.5)
Vh
1 . CSp——
Feasible region:
v ! ' line A-B
: Xy +X,-2=0
i —> X
0 1 2'\ 3

B
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Vehicle Structure

Beam Design Problem

Cantilever beam loaded with force F=2400 N.
Minimize weight such that stresses do not exceed
yield. Further the height h should not be larger than

twice the width b. F
| ! .
Obijective =
— Weight: Min m(b,h) | 1 1;’
Design variables
— Width: bt<b<bY, 20<b<40
— Height: ht<h<hv, 30<h<90

Design constraints:
o (b,h) <6, With 6., = 160 MPa
7(b,h) <1, With 7, =60 MPa

*
h < 2 b Design Optimization - 24




Graphical Solution
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Design of Coil Spring

 Problem statement

— To design a minimum mass spring to carry a given axial load
without material failure and while satisfying two performance
requirement: the spring must deflect by at least A (in), and
the frequency of surge waves must not be less than f; (Hz)

(b)
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Data and Information Collection (1)

 Deflection along the axis of the spring: o (in)
* Mean coil diameter: D (in)

* Wire diameter: d (in)

* Number of active coils: N

« Gravitational constant: g = 386 (in/s?)

* Frequency of surge waves: f (Hz)

Vehicle Structure Design Optimization - 27




Data and Information Collection (2)

« Material property
— Weight density: y= 0.285 (Ib/in3)
— Shear modulus: G = 1.15E7 (Ib/in?)
— Mass density: p = 7.38342E-4 (Ib-s?/in%)
— Allowable shear stress: t, = 80000 (Ib/in?)
« Other data

— Number of inactive coils: Q = 2

— Applied load: P = 10 (lbs)

— Minimum spring deflection: A = 0.5 (in)

— Lower limit on surge wave frequency: = 100 (Hz)
— Limit on outer diameter of the coil: Dy = 1.5 (in)

Vehicle Structure Design Optimization - 28




Design equations for the spring (1)

 Load-deflection

T2L F2L F*D/22D(N+Q) F#*D(N+Q) 4F?D*N+Q) 2F’D(N+Q)
U= + = + = +
2GJ  2GA 2G(m*/32) 2G(m?/4) d*‘G d’G

torsion shear

oy Casigizgostheom_, s 0U _ 8FD*(N+Q) 4FD(N+Q) _ 8FD’(N +Q)(1+ 1 j
oF d‘G d’G d‘G 2C?
_8FD*(N+Q)
d‘G
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Design equations for the spring (2)

o Shear stress
Tr F F(D/2)(d/2) F  8FD 4F
Thax = 7 T/ = 4 + 274 3 * 2
J A (zd*/32) #d*/4 nd® xd
8FD +4Fd d \8FD 8FD
= 3 =1+ 3 Ns 3
zd 2D ) =d zd

K,=1+ 0.5E =1+E
D C

__4D-d 0615 _4C-1 0615
" 4D-d) D 4C-4 C

ng: spring index
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Design equations for the spring (3)

« Frequency of surge waves

82u= W 0%
dy?  kgl? ot?’

d? 7?d?DN
W= ALy = ( ; j(ﬂDN);/ ; 4

BC. u(0,t)=0 and u(l,t)=0

@, —mrcwfkg, fundamental frequency (m=1)

/kg Gg _
h= 27z 2 7zND2 32y 27zND2 2p
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Problem Formulation

 |dentification of design variables
— Wire diameter: d
— Mean coil diameter: D
— Number of active coils: N

 Identification of an objective function

— Mass 2 2 12
m=pAL=p(ﬂj jyzD(N+Q)=”pd Z(NJ“Q)

* |dentification of constraints
— Deflection: 6 =2 A
— Shear stress: 1<,
— Frequency of surge waves: f > f;
— Diameter: D +d <D,

— Side constraints: d.... <d <d

min —

D..<D<D

max’ min max?
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Minimize
=R
subject to
4D -d N
4(D-d)
d G S f B
27ND?\ 2p — ° A
D+d <D,
Jjetars| | mn<d <d
X-”(%IZ Dmln S D S D
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File Help

| Problem Setup and

Results

|fmincon - C

Solver:
Algorithm: 5GP

Problem

I Objective function:

Derivatives:

Start point:

iAppronimated by solver

Constraints:
Linear inequalities:
Linear equalities:

Bounds:

Derivatives:

A b:
Aeq: beq:
Lower: Upper:

Nonlinear constraint function:

:Approxlmated by solver

Run solver and view

Current iteration:

Start Pause

results

Clear Results

AW

Final point:

bintprog - Binary integer programming

fgoalattain - Multiobjective goal attainment

fminbnd - Single-variable nonlinear minimization with bounds
fmincon - Constrained nonlinear minimization

fminimax - Minimax optimization

fminsearch - Uncenstrained nonlinear minimization

fminunc - Unconstrained nonlinear minimization

fseminf - Semi-infinite minimization

fsolve - Nonlinear equation solving

fzero - Single-variable nonlinear equation solving

ga - Genetic Algorithm

gamultiobj - Multiobjective optimization using Genetic Algorithm
linpreg - Linear programming

Isgcurvefit - Nonlinear curve fitting

Isglin - Constrained linear least squares

Isgnonlin - Nonlinear least squares

Isgnonneg - Nonnegative linear least squares

patternsearch - Pattern Search

quadprog - Quadratic programming

simulannealbnd - Simulated annealing algorithm

Options Quick Reference <<

er
of a constrained
riable function

he section below
your task.

and Results
orithm

view results

er Fails

er Might Have

er Succeeds

n

falent

a

<

Specify

£ Approximated derivatives ] -
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25 | design variables: initial optimal SF (D $E$31
26  wire diameter d 0.10 [in 0,05 . )
27 mean coil diameter D 0.70 [in 0.36 et O HHTM) © Ha(H) KEZL) a
28 number of active coils N 7 11
29 B 4 BIZ(B)
30 obiective function: $E$26:$E$20 %
31 [mass m__ | 1.15E-04[lb [ 2.31E-05]
32 HEH Z2H E5:(U)
33 congtraints: type limit gl S ol . Z=IHA)
deflection along the " : _ E$26 <= $G$39
34 axis of the spring ud 0.17 |in 0.50 >= 05 E“; %g _}.‘E 43 BSHC)
35 shear stress T 21620 |Ib/in? 80000 | <= 80000 Egg» gjﬁ _
= z 2THI(D)
J1euency of surge f 409.5 |Hz 505.8 | >= 100 £834 > - s34
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