ol ) Cpndene ahali 55 ysla S 12/6/2025

* Optimization is a component of design process

* The design of systems can be formulated as
problems of optimization where a measure of
performance is to be optimized while satisfying all
the constraints.

© M.H. Abolbashari. Ferdowsi Universitv of Mashhad

Three Components of Design Optimization

1. Design variables — A set of parameters that describes
the system (dimensions, material, load, ...)

2. Design constraints — All systems are designed to perform
within a given set of constraints. The constraints must
be influenced by the design variables (max. or min.
values of design variables).

3. Objective function — A criterion is needed to judge
whether or not a given design is better than another
(cost, profit, weight, deflection, stress, ....).

- 2/64
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Optimum Design — Problem Formulation

The formulation of an optimization
problem 1s extremely important, care
should always be exercised in defining
and developing expressions for the
constraints.

The optimum solution will only be as
good as the formulation.

- 3/64
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The following three steps shall be followed
to transcribe a verbal statement of the
design problem to mathematical
formulation

1. Identify and define design variables.

2. ldentify the cost function and develop an
expression for it in terms of design variables.

3. Identify constraints and develop expressions for
them in terms of design variables.

4/64

Sl (rmdazme 1l 5 (55105




ol ) Cpndene ahali 55 ysla S 12/6/2025

Problem Formulation
Design of a two-bar structure

The problem is to design a

two-member bracket' to oK
support a force W without

structural failure. Since the
bracket will be produced in
large quantities, the design
objective is to minimize its
mass while also satisfying
certain fabrication and space
limitation.

6yl oo 1SS 5 (555105

5/64

In formulating the design problem, we need to define
structural failure more precisely. Member forces F
and F, can be used to define failure condition.

w

—F sina+F,sima =W cos@ ® O

—F,cosa—F, cosa =W sinf

. S Height = h
Smo =——-,, COSx =—
21

®

F=—0.5Wl {sm@ . 200549}

S

F =05 [sm@ _ 20056’}

N

[ =h*+(0.55)
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Problem Formulation
Design Variables

An important first step in the proper formulation of the
problem is to identify design variables for the system.

Note on identifying design variables

1. Design variables should be independent of each
other as far as possible. If they are not, then there
must be some equality constraints between them
(explained later). Conversely, if there are equality
constraints in the problem, then the design variables
are dependent.

2. A minimum number of design variables required to
formulate a design optimization problem properly
exists. 7764

Problem Formulation

Note on identifying design variables (Cont’d)

3. As many independent parameters as possible
should be designated as design variables at the
problem formulation phase. Later on, some of the
variables can be assigned fixed values.

4. A numerical value should be given to each variable
once design variables have been defined to
determine if a trial design of the system is specified.

- 8/64
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Problem Formulation

Represent all the design variables for a problem in the
vector x. Two-Bar Structure:

x, = height 4 of the truss

X, = span s of the truss

&3 — outer diameter of member 1 )

x, = inner diameter of member 1

X; = outer diameter of member 2

x. = inner diameter of member 2
G -/

9/64 |-.—:,—4 . ~—a—;|‘ .
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Problem Formulation
Objective Function

A criterion must be selected to compare various designs

1. It must be a scalar function whose numerical values could be
obtained once a design is specified.

2. It must be a function of design variables, £(x).

3. The objective function is minimized or maximized (minimize
cost, maximize profit, minimize weight, maximize ride quality
of a vehicle, minimize the cost of manufacturing, ....)

4. Multi-objective functions; minimize the weight of a structure
and at the same time minimize the deflection or stress at a
certain point.

- 10/64
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Multi objective problem: xdu» W fluw

Wgds porine b g persSle Wb po b Bus iz blew ol jo
:th.wo 4.35.? Q.g\ 6L°J-> o\)
S (o0 % ) Do a4 ]y as Bus ali-)

FX)=w f,+w,f,+..

LW i
oSe pbg(ae 10,5 4l e o2) e o Jola sbw!  ©

Bad SO ads o ilg 0y e 2
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Two-Bar Structure: Mass is selected as the objective function

T
Mass=?’0(4x12 +x) P xi+xl-x;—x7)

x, = height 4 of the truss

X, = span s of the truss

x; = outer diameter of member 1
x, = inner diameter of member 1
Xs = outer diameter of member 2

X, = Inner diameter of member 2

- 12/64
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Feasible Design
A design meeting all the requirements is called a (acceptable)
design. An design does not meet one or more requirements.

Constraints Characteristics:
All restrictions placed on a design are collectively called constraints.

Each constraints
Only then it is meaningful and does it have influence on optimum design.

Implicit /Explicit Constraints QB_,_'é I ST}
Some constraints are simple such as min. and max. values of

design variables
Al LS"‘JL’ 6LQJ...__i.';.A > a8 .Lu.‘” :@].a

A<3mm® sl ghie mho Shb e e 4 A STl

13/64
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Some are more complex and indirectly influenced by design
variables

Deflection at a point in large structure which is impossible
to be expressed as an explicit function of the design variables.
b Sy G yesd wiile Bl S92 se (Hb Slo it G 2 aS Ll i el 0
S 95 sl B alis |

Linear and Nonlinear Constraints

Constraint functions having only first-order terms in
design variables are called

More general problems have
functions as well.

4 <3mm’ w5k ol 4o (Flib sl ysie o 1 o> >
3l Jol 4o (b Gl it co i e >

Sl (rmdazme 1l 5 (55105
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Design problems may have eqguality as well as
inequality constraints. A feasible design must satisfy
precisely all the equality constraints.

A machine must move precisely by delta (equality).
s=A
Stress must not exceed the allowable stress of the

material (inequality) -
o<o,

It is easier to find feasible designs for a system having
only inequality/eguality constraints.

d 15/64
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X2
(A) B

—Feasible region
for xy = x;
(line A-B)

s Sl Jad B sl

Xa 63[....,.4 Y A9 uLo.Q
(B) b B
Feasible

region for x4 < x5

b

A 4
7/
/
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ispac 99 sh Jle slaas
‘O“SO‘G o,>0 Dguid s e a3l Lael s -)
[sin@ 2COS(9j|

F——OSWZ . .
A, =z(x32—xf), A, =Z(x52_x62)

F =051 [sm@ 20056’}

F Wi 1 sind 2cosf
A P
Z(x3z_x42) S

2W1 sin«9_2cos¢9 <o
7z(x52—x62) X, x, | ¢

. 17/64
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Stress constraints need more attention. Please consider them

again:

2W1 [sin@ 2cos@ |

> > + <o,
7r(x3 -X, )_ X, X, |

2W1 [sin@ 2cos@ |

> 5 — <o,
”(xs X6 )_ X Xy

sind 2cosd
<

X X)

If in the second eq., then F, is a compression force

and the stress constraint for member 2 becomes:

2wl {sin@ 2cos0}
> > — <o,
7r(x5 —X, ) X, X,

- 18/64
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Ded Culey b sl s sgas -Y

X, SXx,; =X, i=1t06

1 mu

Where x, and x,, are the minimum and maximum
values for the 7th design variable. These constraints

are necessary to impose fabrication and physical
space limitations.

. 19/64
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Find design variables x,, x,, x; X, X5 and x,to minimize
the Objective function
7T
Mass = ?'0(4x12 +x) P xi+xl-x;—x7)

subject to the following constraints:
2wl {sin¢9+200s0}s(y

X X,

2W1 {sin& Zcosg}
- <o,

Xy X

2wl {sin& 20050}
- <o,

2 2
7r(x5 —x6)

X, <X, 5X,, i=1to6

Xy X,

VO ?o)|o%§a;.?4kwwl
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Saw Mill Operation : g » o> ails |5 5 Slos

Step 1: Project/Problem Statement A company owns two saw
mills and two forests. Table 2-1 shows the capacity of each mill
(logs/day) and the distances between forests and mills (km). Each
forest can yield up to 200 logs/day for the duration of the project,
and the cost to transport the logs is estimated at $0.15/km/log. At
least 300 logs are needed each day.

Step 2: Data and Information Collection Data are given in Table 2-
1 and in the problem statement.

TABLE 2-1 Data for Saw Mill Operation - -
/Foresl 1\ / Forest 2\\
L

Distance, km

Mill Forest 1 Forest 2 Mill capacity/day
A 240 205 2401ogs 1
B 172 18.0 30010gs

T 21/64
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Step 3: Identification/Definition of Design Variables

The design problem is to determine how many logs to ship from
Forest /to Mill . Therefore, the design variables for the problem
are identified and defined as follows:

X4 = number of logs shipped from Forest 1 to Mill A

X, = number of logs shipped from Forest 2 to Mill A

X3 = number of logs shipped from Forest 1 to Mill B

X4 = number of logs shipped from Forest 2 to Mill B

Note that if we assign numerical values to these variables, an
operational plan for the project is specified and the cost of
transportation of logs per day can be calculated. The selected
design may or may not satisfy all other requirements.

Step 4: Identification of a Criterion to Be Optimized

The design objective is to minimize the daily cost of transporting
the logs to the mills. The cost of transportation, which depends on
the distance between the forests and the mills, is:

cost =24(0.15)x, +20.5(0.15)x , +17.2(0.15)x , +18(0.15)x,
or =3.6x,+3.075x,+2.58x,+2.7x, 2264

11
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Step 5: Identification of Constraints The constraints for the
problem are based on the capacity of the mills and the yield of the
forests:

x,+x,<240 MillA)  x,+x,<200 (Forest 1)
x,+x,<300 MillB)  x,+x,<200 (Forest 2)

The constraint on the number of logs needed for each day is

expressed as
P X, +x,+x,+x,2300

For a realistic problem formulation, all design variables must be

nonnegative, i.e., >0, i=lto4 Usually Missed!

The problem has four deS|gn variables,

and four nonnegativity constraints on the variables. Note that aII
functions of the problem are linear in design variables, so it is a
linear programming problem. Note also that for a meaningful
solution, all design variables must have integer values. Such
problems are called integer programming problems, which require
special solution methods. 6.83: x,*=0, x,*=0, x, *=200, x,*=100; f*=786 ,4/

09 50 3se C39Ch g ) Slakad 3l cupls S
cewlS o gl olows 8c1 5C2 1503
‘i I
asbd oz bgm oo 5 6 3
30 w4y 0.7 1.0 0.6
5SS zpauye 0.6 0.8 1.0
97 59y 0 00 Em eyl gl LS o5 s N e
Dl ge das Aree 55 30 50,5 T Cadyb
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+0.6(3)x 5 +1.0(3)x

S rlgl > dazme 1S 5 559005

MLT\“).QLQUJ

Ngd g b aS ol € slaw =X,
Ngd gy Wb aS S € olass =X,
Ngd g b aS olo Gy slaws =X
Ngd g Wb as Sl Gy slass =X,
Ngd g b aS olo G slaws =X

4o ¥ = 0.70(5)x, +0.6(5)x, +1.0(6)x, +0.8(6)x,

25/64

39y 9o SawlS Voo 6l €34 Cy,Cq

X1+X,=800 (s C4 slaws)
X3+X,=500 (ls Cy slass)
X5+Xz=1500 (Lo C5 slow)
9X+6X3+3%x5<6000
5X,+6X,+3x;<8000

G rillg e dazms it g (555105

:dl.f.o.wo Q9.d
3o 0,90 Siladad olass
o le

O0F T Cad b
O0F T S,k

XiZO, i=1t0 6 b sla e ogr el 08

Usually missed!
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cm)'L»Lb)bdg.&Eﬁli@%%bé‘d&bﬁﬂ&d&&‘ﬁ‘
:‘-b.l)‘o

ol 5o o C) den gl aS oloz sl =X

ol 5l o Gy den gl a5 olazy Sl =X,

ol 5o o C3 den gl 4 ologe oloss =X

ol 5L o Cy aen sl a5 slag p olows =Xy

ol 3L o Gy aen (gl oS slag p laws =Xg

ol 5L o Cg aen sl a5 slag  slaas =Xg

Comls Vee ol S anie 0,5 pewine (jlorer Do

4 32 =0.70x, +1.0x, +0.6x 5 +0.6x , +0.8x +1.0x,

Sl (mdazma 1ol 5 (5515

s Q9.d

L el 53 0550 C3 9 €C sl a5 2log s 9 bgn S
Sgdse Ol r) Golaw 2923

X4+x,=4000 (TR
X,+X;=3000 (Cy ')
X3+X5z=4500 (C3 sl
X1+X,+X3<6000 00,5 7 Cad b
X4 X5+X=8000 O, Ty b b

XiZO, i=1t0 6 b e i o9 Akl o8
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sl o2 i e olS den ol S

WWgd g Bl cauls o e a5 G slaws =Xy
WLgd 7 Wb cauls oo a5 Gy slaws =X
g g Wb cauls o a5 G, slaws =Xg
WDgd g Bl canll S o a8 L:oCz olaws=Xy
g g Wb ciols o o a8 Gy olaws =X
gz Wb canls oo a5 Cyq slaws =Xg

39y 50 CawmlS Ve Ay e
450 38 =100[5(0.70)x, +5(0.6)x , + 6(1.0)x , + 6(0.8)x ,

+3(0.6)x 5 +3(1.0)x ]
=350x, +300x , + 600x , + 480x , +180x ; +300x

ialine 0g.8

5,0 5L 15¢5 4 5¢€,,8¢; coslS o 9>
X1+X,=8 (C1 &'
X3+X,=5 (Cy !
Xs+Xz=15 (C3 ')

100(5x,+6x43+3%5)<6000 00,5 7 Cud b

100(5x,+6x,+3x5)<8000 0055 T bl
X20, 1I=1t06  >lb slo,se jog b od
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Example — Design of a Can of Coke

Design a can to hold at least the specified amount of
coke and meet other design requirement. The cans
will be produced in billions, so it is desirable to
minimize the cost of manufacturing. Since the cost
can be related directly to the surface area of the sheet
metal used, it is reasonable to minimize the sheet
metal required to fabricate the can.

. 32/64
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following restrictions on the size of the can

8cm. Also, it should not be less than 3.5¢cm.

18cm and no less than 8cm.

S riadlypl e dazme ealaS g (5)500,5

Fabrication, handling, aesthetic (appreciating of
beauty), and shipping considerations impose the

1. The diameter of the can should be no more than

2. The height of the can should be no more than

3. The can is required to hold at least 400/ of fluid.

33/64

Design variables

D= diameter of the can (cm)

H = height of the can (cm)

Objective function

The design objective is to minimize the surface area

7 (D,H)=rxDH +%D2, cm’

S riadlypl e dazme a5 g (5)500,5

34/64

12/6/2025

17



ol ) Cpndene ahali 55 ysla S 12/6/2025

The constraints must be formulated in terms of
design variables.

The first constraint 1s that the can must hold at least
400 ml of fluid.

%DzH >400, cm’

The other constraints on the size of the can are:
35D <8, 8<HKXIE cm

The problem has 2 independent design variable and 5
explicit constraints. The objective function and first
constraint are nonlinear in design variable whereas
the remaining constraints are linear.

35/64

_Naup, VR

u= V=
AE (4, +24,)E

- | Zu

o, = | {P +P”} To support a force P, the truss must satisfy
V2[4, (4, +324,) | various performance  and  technological
J2P constraints, such as

T (4, +424,)
1

0,

P P

fz[Am}

Lowest eigenvalue of the structure, ¢

o 3EA 1
Pl (44, +24,) ;‘
2
¢ > (2rm,) |
Member buckling constraints
B IS”ZE:BAL . <7r2EﬂA2. _O_<7r2Eﬂ’A1

b)Y L ) &
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Design Variables: (Because of symmetry)
A,,A4,(4,=4;)
Min volume
volume =1(2+24, +A,) o

Subject to: 1 /i /i
o, L0, N : : P

g za
u, <0
v,<0,
buckling of ith member < 3
AI’AZ Z"4min 37/64

ot 52yl Jilano (6l 8 ylilins! g9l S ~2.7

@S asle ol X = (X ,X,,..X ) @ by S
fX)=f(x,x,,.x,) ae b
Lgsl.w.o .)y.% 1 G |)
h(X)=h(x,x,,.x,)=0;, j=1top ”

S3luali 553
gX)=g,(x,,x,,.x,)<0; 1=1tom
N
] 00l 0uiluS (ggluneli 098 4o X, >0 9 X, Sxi Sxiu slab b
5l Q;U; 6strab‘ f‘)b sl o 59, o e g8 i SYlae jo

side constraints, technological constraints,
simple bounds, sizing constraints

38/64

Xy SX;Sx,

Sl i taze ieela 5 5 5l 5

12/6/2025
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ol 4 culsae SO L5 o8 Cpo cute sae SO yo 1) aje &b

af (x).f (x)+p >5 kel
a >0, f any constant
Ph;(x)=0 S oo e o ) ol sland

ag,(x) <0 of Crocuiesne S ol sebusl sland

39/64
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Sz{x‘hj(x)zO;j =1t0p,gl.(x)SO;i=1t0m}

(S g 5 05 en FS5eS JeB B 4l 09l b s slass S

VL KWW T

g(x)=0 o Jbxr (ol gabki o o8
2, (x ) <0 ol Jld e x* (il salais jo 0

gJX)SO{

g:/(x)>0 .. o
el 00l x* c:”")'l" Gakadi o 03

h(x")#0

40/64
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min f*(x)
st. h(x)=0, j=lwp
g, (x)<0, i=ltom
X, <x,<x,, i=lton
If p>n : over-determined system of eqns. ( redundant eqn)

If p<n : optimum soln. is possible
If p=n : no optimization is necessary

No restriction on inequality constraints

L Unconstrained optimization
Optimization Types: ) o
Constrained optimization

Sl (mdazma 1ol 5 (5515

41/64

all f(x), h,(x), g;(x) are linear in x

min f (x) = max[~f (x )] = max[—

f(X)]

gj(x)ZOE _gj(x)so

Sl (rmdazme 1l 5 (55105
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* The functions f (x), h;(x), and g, (x) must depend on some
or all of the design variables.

* There is no restriction on the number of inequality
constraints.

* Linear programming is needed if all the functions f (x), h;
(x), and g; (x) are linear in design variables x, otherwise use
nonlinear programming.

. 43/64
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Discrete and Integer Design Variables

RPN PR KEL R VE D e X

oo o g T 3 1y9 Caals wiile S

Lol °

LS b g oo >lib sl it 85 ety aie U jlade
i Gl by il s sty Sl b aylin ;s il

N 44/64
S ridlpl e dozme iealas g (559105

22



6l 53l Cpmendena a5 g )5l 8

Sl (mdazma 1ol 5 (5515

Solutions of Integer/Discrete variable Problems

Solve the problem assuming continuous design
variables if that is possible.

The nearest discrete/integer values are assigned to
the variables.

The design is checked for feasibility.

With a few trials, the best feasible design close to
the continuous optimum can be obtained. Note
that there can be numerous combinations of
discrete variables that can give feasible designs.

45/64

Solutions of Integer/Discrete variable Problems

(Cont’d)

2) Adaptive numerical optimization procedure

Optimum solution with continuous variables is first
obtained if that is possible.

Only the variables that are close to their discrete or
integer value are assigned that value.

They are then held fixed and the problem is optimized
again.

The procedure is continued until all the variables have
been assigned discrete or integer values.

A few further trials may be made to improve the
optimum cost function value. s6/64

12/6/2025
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Graphically solve any optimization problem having
two design variables

Plot constraints and identify their feasible/infeasible
side

Identify the feasible region/feasible set for the
problem

Plot objective function contours through the feasible
region

Graphically locate the optimum solution for a problem
and identify active/inactive constraints

Identify problems that may have multiple,
unbounded, or infeasible solutions

47/64

3.8.1) A wall bracket is to be designed to support a load of
W. The bracket should not fail under the load.

/=30 cm, s=40 cm, W=1.2 MN
. Total volume of the bracket is to be minimized.

T
I

Sl i daine ki 5 (5591 ,5

w

o= allowable stress for the material16,000(N/cm?)
o, = stress in Bar 1 which is given as F,/A,, N/cm?

Bar 1: 0, 0, 0,=stress in Bar 2 which is given as F/A, N/cm?

A, = cross-sectional area of Bar 1 (cm?)

Bar 2: 0, <0, A, = cross-sectional area of Bar 2 (cm?)

F, = force due to load W in Bar 1 (N)
F, = force due to load W in Bar 2 (N)

48/64

12/6/2025
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Design variables: 4, and 4,

Objective function: [ (4,,4,) =14, +1,4,, cm’

Forces on bar 1 and bar 2 are:

F,=(2.0E +06) N, F, =(1.6E +06) N

(2.0E +06)
Stress constraints: &1 = - 16000<0
1
g2 :M_l6000§ 0
2
Usually missed! g,=-4,<0, g,=-4,<0

Sl (mdazma 1ol 5 (5515
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I
(]

200+

=
~

Feasible region

Y0 25

g,=0

2

LCCRSRNEEN \\\\\\4-
L]
1}
o
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)
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o

A

100 + 777 //}:////////

75 4 Cost function _
contours

50

25

0

0o 30 60 9'0‘[120 {56/ 436210 240

i) s el 3 5,515,5 g,=0

Optimum solution:

50/64
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Step 1. Project/Problem Statement

A company manufactures two machines, A and B.
Using available resources, either 28A or 14B machines
can be manufactured daily. The sales department can
sell up to 14A machines or 24B machines. The shipping
facility can handle no more than 16 machines per day.
The company makes a profit of $400 on each A
machine and $600 on each B machine. How many A
and B machines should the company manufacture
every day to maximize its profit?

Step 2: Data and Information Collection
Defined in the project statement.

- 51/64
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Step 3. ldentification/Definition of Design Variables

The following two design variables are identified in the
problem statement:

x;,=number of A machines manufactured each day

X, =number of B machines manufactured each day

Step 4: Identification of a Criterion fo Be Optimized
The objective is to maximize daily profit, which can be
expressed in terms of design variables as

P =400x, +600x, (a)

. 52/64
S ridlpl e dozme iealas g (559105

12/6/2025

26



ol ) Cpndene ahali 55 ysla S 12/6/2025

Step 5: Identification of Constraints Design constraints
are placed on manufacturing capacity, limitations on the
sales personnel, and restrictions on the shipping and
handling facility. The constraint on the shipping and
handling facility is quite straightforward, expressed as

X, +x,<16  (b)

53/64

Example for Capacity 4A or 8B

A No.of A 4 L oy cud b ples S

AL 4 4 Al plasl A sl
B|B|B|B No.of B 8 @ ody s b sles S
818|818 T3 g b oelasiB ol

Getle 4 adsi Syl ol sy )
..A.;lg.uot@‘_&!B:ng’gsA

Ala 4B No.ofA+No.0fB_g 4

B|B =—+—=1
4 8 4 8
el ple
ﬁ+x_2 <1 (c)
28 14

. 54/64
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Similarly, the constraint on sales department resources
is given as

Tiyfacp o (d)

14 24

Finally, the design variables must be nonnegative as

X.,x,20 (e)

Note:

* The formulation remains valid even when a design
variable has zero value.

* No. of design variables: 2

* No. of inequality constraints: 5

* All functions of the problem are linear in variables x,
and x,. Therefore, it is a linear programming problem.

B 55/64
S il e daze iS5 559105

" £ =-400x, — 600x ,

30 . shipping and
optimum soln. ﬁanﬂﬁngg

%1, f(4,12)=-8800 constraint)
x,+x,<16
(manufacturing
constraint)

IR
28 14

N
o
1

=] o
RS

o
4/////{/&!1’/////.&//1’"/
/ ‘ ‘

(limitation on
sales department)
T T X h + x—z <1

20 25 30 14 24

FIGURE 6-1 Graphical solution for profit maximization LP
problem. Optimum point = (4,12). Optimum cost = -8800.
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The objective of this project is to design a 3
minimum-mass tubular column of length / : 1
supporting a load P without buckling or
overstressing.

R = mean radius of the column
{= wall thickness
Assuming: (R >>t)— A =2zRt; I =7R’t

,
1 1
| |
!

: |
,
1 1
oL |
. ‘
| i
I
: i
1 1
,

A
mass = p(I4)=2pl 7Rt

P 72\

<G { | i \

27Rt ¢ \/
22El 2 ER EQ—»‘

), = > P <
47 4]

6yl oo 1SS 5 (555105

57164

P =10MN, E =207GPa, p = 7833kg/m’,/ =5.0m,c, = 248MPa
f(R,t)=2pl xRt =2(7833)(5)xRt =2.4608x10°R¢t kg

P 10x10° .
g/(R,t)= -0, = —248x10° < 0 (stress constraint)
2Rt 2Rt
Ex’Rt 7*(207 x10°)R*t . .
g,(R,t)=P - —=10x 10° - ( ) <0 (bucling load constraint)
4] 4(5)(5)
4 B
4 | :%)[ Optimum solution curve A—B
0_20? % Feasible region g3(R ’t) — _R S 0
7 -
0,175? 2 g, (Rt)==t<0
0.‘152‘—
0,1252— 777,7,:;7, . ol f‘f ¥ 05..\9 &l:.w
S‘ 0_102"/, w).tb )| oolazwl o9 S|
;’ Direction of decrease . ‘ . . J Lv ‘
o 0752 for the cost function OlP e u\)}g ) B S>>
0052/94’0 r= 7 Ly, ¢ 0,5 b wass
4 \
7| f=1579kg 2,5 oolaiwl 1) (6,5 380
00257 —o-
4 g:=0 ~
1 Y
0 0015 003 0045 006 0075 0.09 58/64
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A beam of rectangular cross section is subjected to a bending
moment of M/ (N-m) and a maximum shear force of IV (N). The

bending stress in the beam is calculated as 0=6M/bc? (Pa) and
average shear stress is calculated as 7=3V/2bd (Pa), where b is

the width and d'is the depth of the beam. The allowable stresses
in bending and shear are 10 MPa and 2 MPa, respectively.

It is also desirable that the depth of the beam not exceed twice its
width and that the cross-sectional area of the beam is minimized.

d=depth of the beam, mm -
l M

b =width of the beam, mm

Min 1(b,d)=bd  m=40 kN'm  1=150 kN N
- % - —6(40)(1228)(1000) ,N/mm’ o, =10MPa = 10x10°N/m® = 10 N/mm’
_ v 3A50)A000) e 7, =2MPa =2x10°N/m* = 2N/mm’
2bd 2bd e
1:%—1030 (bendingstress) g, =d —2b <0
, = —3(15(2)3)(;000) —2 <0 (shear stress) gs=—b<0;, gs=-d=<0

In realityy, 6 and d
cannot both have zero
value, so we should
use some minimum
value as lower bounds

1000 on them, i.e. b=b

) J min

g xuua— ! and d=d,,,.
2 w0ky Note that the cost
2k / function is parallel to
PN the constraint g, (both
W4 g =0 functions have the

A/ 0.
i £s .
. VS . | same form:
0 200 100 600 300 1000 1200 1400

Width (mam) bd = constant).

60/64
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Xy

min f =-x, —0.5x,

2x,+3x,<12
2x,+x,<8
-x,<0,-x, <

0

61/64

X2
10—
a-
6—
D
4N
N
N
23
N
W
N
A
X2
10 4
8 4
i~
”
*‘\1
6 - W*i
4 -
5
..0,".
2 N
AT A H

Xy

min f(x)=-x,+2x,
subject to

-2X X, < 0,
-2X,+3X,< 6,
X, <0, -X,< 0
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Infeasible Problem Jo.3 JG o alww

Conflicting requirements, inconsistent constraint equations or
too many constraints on the system will result in no solution to

the problem.
% min f(x)=x,+2x,
subject to
i " 3Xx,+2x,< 6,
B ///////////5////////// y 2)(7+3)(2_> 12
7] Xy =
o 2 X;<5,
/ 2 X<,
; g X4, X220
2 4 4 . .
7 . No region of design
/] - .
7 _;}})\C space that satisfies all
/] =% .
o T 7RTIIITITATITRITIIT *i constraints.
63/64

lep 928 S0 ide 0 U g 03)S > ) 25 Sl
2) 2,4,6,8,10,12,14,15,16,18,19,29,32,34,64,65

2) 2,8,12,13,17 Matlab | Excel ;I oslaenl b

There is the following section in the text book ( 2" Ed.)
3.3 Use of MATLAB for Graphical Optimization

N 64/64
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