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ABSTRACT

The objective functions used in Engineering Optation are complex in nature with many variablesl an
constraints. Conventional optimization tools somes fail to give global optima point. Very popularethods like
Genetic Algorithm, Pattern Search, Simulated Aningaland Gradient Search are useful methods to dlotal optima
related to engineering problems. This paper attengpuse new non-traditional optimization algorithwhich are used to
find the minimum cost of designing welded beam ldtamm global optimum solutions. The cost, numbeitefations and

the total elapsed time to complete the problemakiempared using these ten non-traditional otition methods.

KEYWORDS: Welded Beam Design, Pattern Search, Simulate AmggdPattern Search, GODLIKE, Cuckoo Search,
Firefly Algorithm, Flower Pollination, Ant Lion Ophizer, Gravitational Search Algorithm, Multi-VerS§¥ptimizer

INTRODUCTION

Welding can be defined as a process of joining liefzarts by heating to a suitable temperaturdnwit without
the application of pressure. Welding is an econatmémd efficient method for obtaining a permaneintj of metallic
parts. There are two distinct applications of wdlg@nts.

* A welded joint can be used as a substitute foveted joint
* A welded structure can be used as an alternatithaddor casting or forging.
Welding process are broadly classified with théofeing two groups
*  Welding process that use heat alone to join thepswes
» Welding process that use a combination of heatpaesssure to join the two parts. (Bhandari.V.B)

The welding process that uses heat alone is calledn welding process. In this method the partsegoined are
held in position and molten metal is supplied te jbint. The molten metal can come either from plagts themselves
called Parent metal or external filler metal isggign to the joint. The joining surface of two maktecomes plastic or even

molten under the action of heat. When the joinid#as, the two parts fuse into a single unit.

A beam is a member subjected to loads appliedvesss to the long dimension, causing the membéetal.
Beams are frequently classified on the basis opasrip or reactions. A beam supported by pins, i®l& smooth surfaces

at the ends is called simple beam. A beam suppitirdevelop a reaction normal to the beam but witt produce a
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moment at the reactions. If either or both enda deam projects beyond the supporters, it is caleghle beam with

overhang.
Description

A beam A is to be welded to a rigid member B. Thedded beam is to consist of 1010 steel and is ppat a
force P of 6000 Ib. The dimensions of the beamaiee selected so that the system cost is minimi&esthematic of the

system is shown in the figure 1.

Figure 1. Welded Beam

The diagram illustrates a rigid member (A) weldetiooa beam. A load is applied to the end of the bemThe

beam is to be optimized for minimum cost by varyinthe weld and member dimensions

X =(h,1,t,b)= (X1’X2’X3’X4)

This includes limits of the shear stress, bendingss, buckling load and end deflection. The Wegmx and %
are integer multiples of 0.0625 inch, but for tagplication are assumed continuous. (Amie Mes@i2? (Hong-Shaung
Li, Siu-Hui Au, 2010)

PARAMETERS:
(Welded Beam Design Optimization )

Young's Modulus (psi)

E =30x10° ps

Shearing modulus for the beam material (psi)

G=12x10% ps

Overhang length of the member (inch)
L =14in

Design stress of the weld (psi)

T =13600psi
max

Design normal stress for the beam material (psi)

o____ =30000ps
max

Impact Factor (JCC): 2.0346 NAAS Rating.19
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Maximum deflection (inch)
5max =025in
Load (Ib)
P =6000Ib

COST FUNCTION:
(Welded Beam Design Optimization )

The performance index appropriate to this desigheascost of a weld assembly. The major cost comptsnof

such an assembly are (1) set up labour cost, (Binvgelabour cost, and (3) material cost:

f(X) =Cy +C, +C,

where f(x) = cost function
o = set up cost
Cl = welding labor cost

CZ = material cost

Setup Costc0

The company has chosen to make this component @gmeel, because of the existence of a welding adgemb

line. Furthermore, assume that fixtures for setug lzolding of the bar during welding are readilaitable. The cosb0

can therefore be ignored in this particular totzdtanodel.

Welding Labour Cost Cl

Assume that the welding will be done by machina #ital cost of $10/hr (including operating and mtesance

expense). Furthermore, suppose that the machindagatiown a cubic inch of weld in 6 min. The labaast is then
c ={10 8 |(L M femin)y —qf Sy
1 hr J{60 min){ i3 ) W |jp3) W
Where VW = weld volume, i
Material Cost c,’
C2 :C3 VW +C4 VB

where (33 = cost per volume per weld material, $/ia (0.37)(0.283)
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c, = cost per volume of bar stock, $/in (0.17)(0.283)
V5= volume of bar A, in

From the geometry,
Vo= 2(1h2|j = h?|
w 2
Volume of the weld material (inéh

_ 2
Vield = X1 %2
And

Vg =tb(L+1),

Volume of bar (inch)

V x4(L+x

bar =X3 2)
Therefore the cost function become
f(X) =h2| +C3h2I+C4tb(L+I)
Or, in terms of the x variables,

£(X) :(1+ c3)><12 X, +C, XoX, (140+X,)

£(X) :1.1047Jx12 X, +0.04811x,X, (140+X,))

ENGINEERINGRELATIONSHIP: (Hasancebi.O, 2012)
To complete the model, it is necessary to defieentportant stress states.

Weld stress

X
= |72 2 Where =_2
r(X) \/Tl +21,7,, €086 + 7 cosd R

Weld stress has two componeﬂ?andr , Wwhere T, the primary stress acting over the weld throat arehrl’

2 1 2

is a secondary torsional stress.

Primary stress acting over the weld throat

6000

__ P _

Impact Factor (JCC): 2.0346 NAAS Rating.19
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Secondary torsion stress

. MR
273

Moment of P about centre of gravity of weld setup

M :P[L +2] = 84000 + 3000 X

2 2

4 2

2 2
X +X
R = 2{"1 3}

Polar moment of inertia of weld

2 2
X +X
J:2\/§xx 2+[X1 ?’J

1°2| 12 2

Bar bending stress: The maximum bending stres®eamown to be equal to

6PL - 504000
o(X)=—— >
X4X3 X4X3

Bar deflection. To calculate the deflection, asstineebar to be a cantilever of length

3 21952
4PL° _
O(X)=—5—""3

Ex3x4 x3x4

The buckling load is approximated by

x§x2
40136y - 3 [E 3
{ 1-X \/;J = 64746022(1 - 0.028234,) X, X

P.(X)= ¥

CONSTRAINT:
The shear stress at the beam support location taroeed the maximum allowable for the material
<
r(X) = " max
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7(X) < 13600

The normal bending stress at the beam supportidmcaannot exceed the maximum yield strength fa th

o(X) < I hax

504000

2
X4 %3

30000

IN

2
168 < x4x3
The weld thickness is less than the material théskn
X =%y
c 2+cxx(L+x)<50
3 TE4*FRET X)) S

o.10471<12><2 +0,0481K,X, (140+X,) < 50

The defined minimum must be less than the weldktigss

0125 < Xl
The deflection cannot exceed the maximum deflection

S(X)<a

2.1952 < 025

3
X3%4

3
<
8.7808 < X3 Xy
The applied load is less than the buckling load

P < P(X)

6000 < 64746022(1—0.028234%)x3x2

0.092669785% (1—0.028234(3)X3X2

Size constraints

Impact Factor (JCC): 2.0346

NAAS Rating.19
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x120.1

Hence the minimum cost and optimized dimensions are
Solution = optimization minimize (f(X), cons, bow)d

MATHEMATICAL FORMULATION (Janga Reddy.M, D.Nagesh Kumar, 2004) Riza Yildiz, 2008)

The mathematical formulation of the objective fumet f (X) which is the total fabrication cost mainly

comprised of the set-up, welding labour and madtedat is as follows

The objective is to minimize the cost of the weldedm design problem.

Minimize  f(X) = 1.1047]le X, +0.04811X,X, 140+ X,))
Subject to

1(X) < T max

o(X) < T max

0.1047J><12x2 +0.0481K,x, (L40+X,) < 50
0125 < X
3(X) <3
P < PC(X)
Where
X
_ |2 2 2
r(X) = I +2T1T2{2RJ+T2
P
I =
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2,6

XA X
4013E 2 4 3 [E
P(X)=— 1 86 |4 X |=
c 12 2L V4G

Size constraints

01< xls 2

Impact Factor (JCC): 2.0346 NAAS Rating.19
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COMPARATIVE RESULTS
Thicknessoftheweld Xp- | 02064120 01653060 0552 | 0204164z| 0205732 | 0214698z | 02057292| 0177859z | 02195560 0199033

Lengthof the weld x:- 33283330 ) 32947340 | 20283120) 33633910 | 33194970 36332920 | 33193010 43934661 47283420 36310440
Lengihofthematerialx;x | 8.9884372| 88721640 | 4798717c| 9.03924u | 9.0366247| 85071880 | 9.036628x| 9.0634620| 8300970 @ 9.114448c
Thicknessofthematerialzy: | 02080322 02176250 | 0.729557¢| 02062162 | 0205732 | 02344770) 0205732 | 0203392 | 02715480 02034780

Costa L7260 | 19391960 | 3377560 | 174280 | L7315270| 1864164a| 17315280 1.7967933| 22950767 17498340
Iterations 1780 4666 5t 665732 | 100000z | 20000z | 2000z 1000z 1000z 1000z
Timen 1235504 | 4389267 | (7469710| 83384140 12430310| 8.083191a| 7041082x| 59.043237| 23972817 8962103
0.6
s 05
T;’ 0.4
2 03
e 0.2 -
2 01 -
c
s 0-
= 9S¢L3dgEEgge
[a éé < O S
3
Methods
6
(o]
X 5
-]
o 4
s 2 -
5 1 -
§ o
c
g g S &G § v g § Cé
3
Methods
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length of material x3

10

o N B O
!

PSO

SA

PS

GL
Cuckoo

Methods

FF
FP

ALO

GSA
MVO

Thickness

PSO

SA
PS
GL
FF
FP
ALO
GSA
MVO

Cuckoo

Methods

cost

3.5

2.5

1.5

0.5

PSO

SA

PS

GL
Cuckoo
FF

FP

ALO

Methods

GSA
MVO

NAAS Rating.19
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120000
100000
80000
60000
40000
20000 -

0 .

Iterations

Methods

70
60
50
40
30
20
10

elapsed time

PSO
F
F
ALO
GSA
MVO

Cuckoo

methods

RESULTS AND DISCUSSION

With the two extreme values of the parameters fitamization is carried out with different solverss they are
stochastic type the results may vary from triatrtal. So the problem is made to run for 20 trigElbeltagi.E., Tarek
Hegazy.l., Grierson D., 2005) And an averagalbfrials are taken as a final value of the par@mby the solver. The

solvers are compared with three different criteria.
1. Consistency:

The cost is consistent in pattern search (3.37756)
2. Minimum run time:

For minimum run time of the problem we have PS46971 seconds), PSO (1.235504 seconds).

3. Minimum Evaluation:

This Criterion will determine the effectivenessthé algorithm. From the table we see that the RS RSBO

algorithm have minimum evaluation of 5 and 178 eetipely.

4. The Simplicity of Algorithm:

Of all the algorithms, Pattern Search algorithrthes most simplest followed by Particle Swarm Optigtion.
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Thus it is seen that the PS solver satisfies alldtiteria. Even though the pattern search sasisfiethe above
criteria, the cost becomes maximum whereas theigd380 is 1.7423. Therefore the particle swarninupation has the
minimum cost with time 1.23 seconds and 178 iteratSo the appropriate algorithm for welded beasigeis suggested

as Particle Swarm Optimization.
CONCLUSIONS

In the present study the PSO algorithm is prop@sed simple and efficient optimization techniquelfandling
welded beam design problem. PSO algorithm is aulptipn based technique which follows a stochag#cative
procedure to locate the optimum or a reasonably-ngatimum solution for the welded beam design rojation.
Performance evaluation of the PSO algorithm througthded beam design optimization reveals the efficy of this
technique in solving practical optimization probemlithough in the present study the PSO algorithmtilized only for
solving welded beam design optimization problemgah be easily employed for solving other typesoptimization

problems as well.
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APPENDIES

Tables having the option set and stopping critienidhe optimization methods

13

Methods PSSO SA PS GL CUCKOO 133 P ALO
Cption sét i Imitial Poll Lax.Fun Laz.Fun. Laz.Fun Lan.Fun Lax.Fun
=200 Temperature:100 Method: GBS Evaluations | Ewvaluations Evaluations Evaluations Evaluations=1 Evaluations
Max. Time Armealing positive basis = =10+ =10+ =10 03
imit=2c0 Function: Fast IN 10+ lax lteratio lax Jteratio lax lteratio laz Jterations Laz Iterati
Average change Annealing Initial Mesh MagIterati | neg=20 ng=20 ne=20 =20
in fitness Reamnealing Size:l ons=20 Functions Functions Functions Functions
value=10- Interval:100 Expansion Min. Tterati Tolerance= Tolerance= Tolerance= Tolerance=10- Tolerance= Tolerange=
Function Tirme limmit:co Function:2 ons=2 104 10-¢ 108 ' 108
Tolerance:10-9 Mazx.Function Contraction Total Max. Time. Maz.Time Max. Time. Limit=co Maz. Time Mazx, Time
Cognitive Evaluation;3000* Factor:0.3 Iterations= Limit=22 Limit=cs Limit=22 i irmit=:
Attraction=0.3 No.ofvarables. Mesh ) 13
Population <, Tepses Tolerence:10-4 Functions
Size=40 Function Max Function Tolerance=
Social Tolerance:10-% Evaluation; 200 | 10
Attraction=1.23 Objective 0 He.ef
Limit:10- vanahbles,
Max Iteration:]
00" No.of
vanahles.
Limnit:oo
Function
Tolerance:10-9
Stopping i Mazx Timereached | Mesh
criteria =200 Theaverage Tolerance:10-4 Evaluations | Ewvaluations Evaluations Evaluations Evaluations= Evaluations
¢ I changeinvalue of - =104 =10+ =104 =104 104
Limit=co the objective 10 3 Magnumber | Maznumbsa | Maxnumber of
Average change function is < 104 variables ons=20 of of of Iterations=
in fitness maxiterations are Evaluation:200 Iin Jterati ITterations= Iterations= Iterations= 100000 Iterations= Iterations=
value=10-% reached 0*No.of ons=2 100000 100000 100000 Functions 100000
Function ifthe number of varables Total Functions Functions Functions Tolerance=10-% Functioris
Tolerance:10-¢ functions Maz. Time Iterations= Tolerance= Tolerance= Tolerance= Mazx. Time, Tolerance= Tolerange=
evaluations Limit:e2 13 104 10-¢ 104 Limit=c2 d 105
reached. Function Functions Max.Time Max.Time. Magx. Time Maz, Time Max, Time
Ifthebest Tolerance: 107 Tolerance= Limit=c2 Limit=co Limit=t2 Litnit==
objective function 10+
valieis less than
or equalto the
value of objective
limit.
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