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Fx-%)
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Hd — 0 d =
fyrde = [=ra Y-y = [ = =1,

, , O_ F X F x?
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A%

6.1. SmartDO &

BEE 4B 2 £ 1

o

B 2 ~ SmartDO % - % %

% 1 ~ SmartDO i& & %% %
EaA%yL | BELER | AEZAE | AZFEFAR | OBJFunction
RCFDM Cycle
h (mm) | (mm) t (mm) b (mm) Cost (U$)

1 4.77 103.00 242.00 4.77 $1.71 30

15 4.78 102.00 240.00 4.78 $1.70 44

16 4.78 103.00 240.00 4.78 $1.70 42
(1) 3 f& solver 23+ & % % » H Objective function Fod | = & £7 ¥ $§1.70 > 48 P &

BRETEBE ST R 2 0 F o R BT RN B

2R ARR T 2 F 5 smartdo idfltX 5 15 & l6FHKT:E 1355913

12



B g 2 R Lk 0 7 E R RCFDM=15 2 & % it -
(2) Bde/d%%3- 3D Bl G % 2

(a) %# /™% (Upperbound/Lower bound) :

B &R HYrE AR LB R AETR

h (mm) | (mm) t (mm) b (mm)

LR 254 254.00 254.00 254.00
TR 3.175 2.54 2.54 2.54

(b) B4k 3D B

B 3~ ok 3

13
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(3) Design iteration number ¥? Objective function

The Curve of Design iteration number v.s Objective function
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The Curve of Design iteration number v.s Max. violation
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At AFRrBRE GG PR E
(b) #F b i

SEF PR T S AR BB 2 R RS A T3 S
AL M4t A XN PCB AR 2 - MR %4 & 5 - PR IRDE A kS

FPEBEERE Rl A~ B4 BZREE

62 MATLAB i 5 % % @ 4od 2 %7 o

BoAmyL | BEER | 4

)‘_‘:ﬁ.

B R % % A& | OBJ Function

Cycle
h (mm) | (mm) t (mm) b (mm) Cost (U$)

6.21 158.04 210.57 6.21 $2.37684 45

# 2~ MATLAB i# & % %
(1) MATLAB Jz ac# 4 :
Convergence Curve

50— T T

45 ;-1‘--:--7--:--r-1--:--7--i--r-1--5--:r--i--i--i--i--:r-4--:—-;--:--L-J--i—-:--i--'r-J--:--:--:--:--4--:--L--:--:--:--:--L-J--:—-

40 ;-1--:.-7-.:--I..1--:--7-1--:.-1--:-.I.-.:--I_-T--:--I..q--..-.--..-L-J--L-l-.:--'.-J.-:--l-.:--:.-J--:--L-.:-.L-l--:--'.-:--:.-
B o35 [N
T bGP N bbb b
3 L e Tt Y i e i o e et et i e el e e St i it et el e S S e i R et it it St Sl B ikl Sl i
el o T T T T T
E 2
E b
= 0
= :

15

o |
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S N M A M R

a 2 4 <] = 10 12 14 16 18 20 22 24 26 2 30 32 34 36 3G 40 42 44
Iteration
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(2) B %M
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= ~SmartDO & MATLAB ’>] = e N 2L

7.1 SmartDO ﬁaq] =R

o

(a) SmartDO # i fF 4% :

Cycle

LA CAD LA LAY P P Rl Bd B3 Bl Fd Pud Bod Pud —5 —% 5 5 s s _n s s
NN e N N N Y e A G E R IS0 O kW = O

(1)
1.50E+02
2 49E+01
3.25E+01
3. 18E+01
2. 26E+01
27E+D1
2 17E+01
21TE+01
1.66E+01
3. 18E+00
3.26E+00
3. 26E+00
3.18E+00
3.18E+00
3.18E+00
3. 18E+00
3. 18E+00
3. 18E+00
3. 18E+00
3.25E+00
4. 21E+00
4 27E+00
4 ToE+00
4 T2E+00
4 72E+00
4. 85E+00
4 85E+00
4 T5E+00
4 78E+00
4 75E+00
4 T3E+00
4. 78E+00
4 78E+00
4 GIE+00
4 GIE+00

X(2)
1.50E+02
2.04E+02
2.02E+02
2.06E+02
247E+02
2.04E+02
2.04E+02
2.04E+02
2.4E+02
2.53E+02
2.03E+02
2.03E+02
2.03E+02
2.52E+02
2 48E+02
2.20E+02
1.89E+02
1.89E+02
1.37E+02
1.37E+02
1.11E+02
1.10E+02
1.01E+02
1.02E+02
1.02E+02
1.02E+02
1.02E+02
1.04E+02
1.04E+02
1.04E+02
1.04E+02
1.04E+02
1.04E+02
1.04E+02
1.04E+02

X(3)
1.50E+02
149E+02
1.00E+02
8. 28E+01
1.02E+02
1.07E+02
1.13E+02
1.13E+02
1.15E+02
1.16E+02
148E+02
148E+02
148E+02
1.50E+02
1.63E+02
1.98E+02
2 40E+02
2 40E+02
245E+02
251E+02
2 48E+02
251E+02
251E+02
251E+02
251E+02
2.38E+02
2.38E+02
2 40E+02
2 40E+02
2 40E+02
2 40E+02
2 40E+02
2 40E+02
240E+02
241E+02

X{(4)
1.50E+02
1.23E+02
6 41E+01
4 04E+01
2 G3E+01
2 43E+01
217E+01
217E+01
2.51E+01
2. 7T0E+01
1.25E+01
1.25E+01
1.26E+01
1.23E+01
1.07E+01
7.04E+00
4. T9E+00
4. 79E+00
4 92E+00
4. 73E+00
4 83E+00
4. 73E+00
4. 75E+00
4. 73E+00
4. 73E+00
4 87E+00
4 85E+00
4. T8E+00
4. 78E+00
4 78E+00
4. T5E+00
4. 78E+00
4. 78E+00
4. T9E+00
4. T8E+00

(T F )

18

Obj. Function

2. 61E+02
4 35E+01
2.459E+01
1.95E+01
1.32E+01
1.27E+01
1.24E+01
1.24E+01
9. 83E+00
5. 79E+00
3.49E+00
3.459E+00
3.459E+00
3.46E+00
3.26E+00
2.57E+00
1.96E+00
1.96E+00
1.64E+00
1.81E+00
1.77E+00
1.75E+00
1. 75E+00
1. 74E+00
1. 74E+00
1.72E+00
1.71E+00
1.71E+00
1.71E+00
1.71E+00
1.71E+00
1.71E+00
1.71E+00
1. 70E+00
1. 70E+00

VMAX
0.00E+00
-3 87E-02
-3.83E-02
-1.53E-03
9.71E-05
-1.00E-03
0.00E+00
0.00E+00
-3 46E-02
-5 16E-02
-280B-04
-2.85E-04
-1 B5E-04
-2 20B-03
-7 43E-03
-4 GOE-04
-2 44E-04
-2 44804
-T.09E-03
-1.53E-05
B92E-04
-1B7E07
1.17E-04
2.04E-07
204807
647E-05
0.00E+00
-251E-06
(0.00E+00
0.00E+00
-1.38E-06
-1.38E-06
-1.38E-06
-4 3TE-06
-4 B1E-07



25 4. 78E+00 1.02E+02  24ME+02
26 4 78E+00 1.02E+02 2 ME+0Z
37 4. 78E+00 1.02E+02 241E+02
38 4 T78E+00 1.02E+02 24ME+02
29 4. 78E+00 1.02E+02  241E+02
40 4 78E+00 1.02E+02  24ME+02
41 478E+00 1.02E+02 2 41E+02
42 4. 78E+00 1.02E+02 240E+02
43 478E+00 1.02E+02 2 40E+02
(b) SmartDO & & % %
== FINAL OPTIMIZATION INFORMATION —--
oBJd = 1.7M1563E+0A
DESIGH UARIABLES (X-UECTOR)
1) 4 _FH3IZIE+A0 1.02510E+ 82 2 _4H3H3E+A2
CONSTRAINT UALUES (GCHSTRH-UECTOR)
1) -0.51339E-84 -9 _39200E-84 -56.00097E+00

THERE ARE 4 ACTIVE CONSTRAINTS

COHNSTRAINT HUMBERS ARE

1 2 L 5
THERE ARE 8 UIOLATED CONSTRAIHNTS
THERE ARE 8 ACTIVE SIDE COMSTRAINTS

TERMINATION CRITERIOH

HUMBER OF DESIGH CYCLES = L2

OBJECTIVE FUHCTION WAS EVALUATED

CONSTRAINT FUNCTIOHS WERE EVALUATED

4. 75E+00
4 7EE+00
4. 78E+00
4 7EE+00
4. 78E+00
4. 78E+00
4 TEE+00
4. 7eE+00
4 TEE+00

4. 78361E+88

1.35843E-85

382 TIHES

382 TIHES

=== HUMERICAL GRAD USED FOR EITHER OBJ/CHITRHT

O0BJ/CHSTRHT FUHCTIONS WERE EVALUATED

GRAD OF OBJYCHSTRHT WAS CALCULATED

sxsexxxxxx MORMAL TERMIMATION

184 TIHMES

36 TIHMES

19

1.70E+00
1.70E+00
1. 70E+00
1.70E+00
1. 70E+00
1. 70E+00
1.70E+00
1.70E+00
1.70E+00

-3.820008E-084

0.00E+00
4 07E-05
4 07E-05
1.00E-06
-5 41E-06
1 66E-04
6.03E-06
0.00E+00
1.05E-05



7.2 MATLAB & & % % s

(a) MATLAB 0 % fF 4% :

max

Iter F-count

0

[n= R e T VLR

T W S N - S5 U U
o - A A e = = T = S T A e I

[ T T W S WP WP R WP R WL R PR S}
o B . L e I e B o |

5
10
15
20
25
30
35
41
47
53
59
&4
ad
74
7
a4
a4
a4

100
105
110
115
120
125
130
135
140
145
150

155
160
la5
170
175
180
185
19a
195

fix)
L6243
T
LBA2E
JA324
L2ETR
L3224
2431
Jladz
L3074
0617
J9sd42
5462
L7249
32068
AR5l
35841
35844
L35234
25638
29778
L3059
30605
30604
30602
20594
30579
30534
L20421
20109

T e T VT VTR L)
B L T - = T S B+t

L= L=~ = = R = = R w = v = e SR = = R = = == = S = = R == = =

o

20253
B.2679
18082
L0231
JA7082
RN
A5
L
45355

LACE N AL T AL B A o e B = =)

constraint
01,12
24 18

2

B85

0.227
0.06373
0.009307
-0.05508
-0.03794
-0.01982
-0. 003341
-0. 002972
0.0001385
0.04374
0. 004695

7. 141e-
5.301e-
1.063e-
1.211e-

oos
o0&
010
oos

0.001583
0.0002459

4.2158-
3.652e-
1.295e-
2.503e-
7.37e-
1. 2843e-
4.905e-
1.274e-
3.354e-

B 801e-

ana
ong
ooz
ooz
ooz
ona
ona
ans
ons

oos

0.0002435
0.000725
0.0006541
0.0091438

0.02205

0.04244
0. 005444
0.002241

Line search Directional

steplength

( -

= o O O

—_ = e s = = e e = = L s e = e = e = LR L L L = e s e s

—_ = = = = e e e

derivative

-0.957
-2.83
-3.491
-3.94
-2.74

-4.7
-4.17
-1.23

-0.403

-0.207

-0.404
-3.85
0,608

0.0611

-0.0232
5.45e-005
-0. 0065
-0.255
0.0355
0.00803
0.000136
-1.31e-005
-2, 5%e-005
-7.76e-005
-0.000194
-0.000521
-0.00137
-0. 00345

-0.00994
-0.0283
-0. 05509

-0.221
-1.2
-2.449
-2.02
0.19s
-0.274

[

20

First-

order

optimality

o o o o o o o O

0
0
0
a.
0
0
0

23.8

7.9

1.4

8.27

0.86

0.62

0.42
0.313
0.21%

0.17
0.145
0.907
NILEY
0527
0573
0471
0697
0582
J0a81
0851
0.065
0451
0451
0653
0&54
0857
0662
0471

0.0&85
0.0711

0.10%
0.182
0.588
0,854
0.472
0.112
0.1349

Procedure
Infeasih

Hessian
Hessian
Hessian

Hesslan
Hesslan
Hesslan
Hessian
Hesslan
Hesslan
Hessian
Hesslan

Hessian

le start point

modified twice
modlfied
modified

modified
modified
modified
modified
modified
modified
modified
modified

modified



38 200 2.59272 0.02104 1 -1.04
30 205 2,33715 0. 008003 1 -0.372
40 210 2,36831 0.0009814 1 0.0195
41 215 2.37855 0.0003054 1 0.0102
41 220 2.37678 0.00052849 1 -0.00182
43 225 237884 2.124e-00% 1 5.87e-005
44 230 1.37654 0 1 2.95%e-009

(b) MATLAB :f & & & :

Optimization terminated: first-order optimality measure less
than optlons . TolFun and maxlmum constralnt violatlon 1s less
than optlons . TolCon,

Actlve Inequallties {to within optlon: . TolCon = le-006):

lower uppeT ineglin  Ineqnonlin
1 1
2
4
5
0.4003
26,6700

Min., cost = 2,37684 T§

The Minlmum Dimenslon h = 6,21 mn , 1 = 15304 mm , b = 210,57 mn ,
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0.204
0,425
0.0351
0.01323
0.00122
7. 76e-004
1. 8e-008

Hesslan
Hesslan

Hesslan
Hessian
Hesslan

modified
modified

modified
modified

modified



7.3 SmartDO 2 MATLAB %% 2% % : 4% 3 #77 o

13- Srs%y

;z (X) | o= | 6% h= AShar
s\ |= 0.0937| 0.2068 N aars | =0 | B0 | =R =
< 6.35
F(26.67)
0.0925 | 0.2012 | 03385 | 4.77 | 103.00 | 24200 | 477 | 2748
SmartDO| 0.0935 | 0.2058 | 0.3489 | 478 | 102.00 | 240.00 | 478 | 26.67
0.0931 | 0.2059 | 03490 | 4.78 | 103.00 | 240.00 | 478 | 26.67
MATLAB| 0.0937 | 02068 | 04003 | 621 | 158.04 | 21057 | 621 | 27.42
ESe
54
n 3.175<h<254 2.54<1<254 2.54<t<254 2.54<b<254
4.77 103.00 242.00 4.77
SmartDO 4.78 102.00 240.00 4.78
4.78 103.00 240.00 4.78
MATLAB 6.21 158.04 210.57 6.21

L SmartDO % 5 %% d F 2T oue 3

22

smartdo_idflt %%k T=1 15 % 16 -
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File Name : weldingopt.tcl

# Weldingopt.tcl 20070610 4th-section
# Entry File for weldingopt.tcl

# This model solve for
# find optimize variables : x(1) x(2) x(3) x(4)

# to minimize cost : OBJ=
((6.41e-6+6.1e-5)*pow($x1,2.0)*$x2)+((2.93e-6)*$x3*$x4*($Leg+$x2))
# subjeccted to : CNSTRN(1)= $Ts-$Tdg <=0

# CNSTRN(2)= $St-$Sdg <=0

# CNSTRN(3)= $dy-6.35 <=0

# CNSTRN(4)= $Pg-$Pcr <= 0

# CNSTRN(5)= $x1-$x4 <=0

#

# Input Files

#

# weldingopt_obj.tcl

# weldingopt_cns.tcl

# =========== Optimizer parameters=========================================
set smartdo_ioptmzr 1

set smartdo_idfit 16

set smartdo_ndv 4
set smartdo_ncnstrn =~ 5
# =========== design variables==============================================
set smartdo_x(1) 150.0
set smartdo_xI(1) 3.175
set smartdo_xu(1) 254.0
set smartdo_x(2) 150.0
set smartdo_xI(2) 2.54
set smartdo_xu(2) 254.0
set smartdo_x(3) 150.0
set smartdo_xI(3) 2.54
set smartdo_xu(3) 254.0
set smartdo_x(4) 150.0
set smartdo_xI(4) 2.54
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set smartdo_xu(4) 254.0

# Link to objective and constraint function evaluation files
smartdo filobj weldingopt_obj.tcl

smartdo filcns weldingopt_cns.tcl

#
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File Name : weldingopt_cns.tcl

# Pg = Loading on free side

# Eg = Young's modules for 1010 steel

# Sdg = Max. allowable normal stress (Sigma_all)

# Tdg = Max. allowable shearing stress (incl. direct shearing stress & moment shearing stress)
#T1 =direct shearing stress

#T2 = Moment shearing stress

# Leg = Length of 1010 steel

# Gb = Modulus of rigidity for 1010 steel

# cs = Material cost for soldering (6.41e-6 US$/mm~3)

#cm = Material cost for 1010 steel (2.93e-6 US$/mm”"3)

# Cg = Torsional rigidity for 1010 steel

#1 = Moment of inertia

#dy = Deformatiom on free side

# Pcr = Max. allowable buckling force

#rc = The distance between the center of total and each of soldering area
# Mt = Bending moment

#J = Polar moment of inertia

set x1 $smartdo_x(1)
set x2 $smartdo_x(2)
set x3 $smartdo_x(3)
set x4 $smartdo_x(4)
set Pg 26.67

set Eg 206.84
set Sdg 0.2068
set Tdg 0.0937
setLeg 355.6
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set Gb 82.737

set Cg [expr $Gb*$x3*pow($x4,3.0)]

setJ [expr 2.0%(0.707*$x1*$x2*(pow($x2,2.0)+pow(($x1+$x3)/2,2.0)))]

setl [expr $x3*pow($x4,3.0)/12.0]

setdy [expr 4.0*$Pg*pow($Leg,3.0)/(SEg*pow($x3,3.0)*$x4)]

set Pcr [expr (4.013*pow($Eg*$1*$Cg,0.5)/pow($Leg,2.0)) * (1.0 - ( ($x3/(2.0*$Leq)) *
pow($Eg*$1/$Cg,0.5) ) )]

setrc [expr pow(pow($x2,2.0)/4.0 + pow(($x1+$x3)/2.0,2.0),0.5)]

set Mt [expr $Pg*$Leg]

set T1 [expr $Pg/(1.414*$x1*$x2)]

set T2 [expr $Mt*$rc/$J]

set Ts [expr pow( ( pow($T1,2.0) + pow($T2,2.0) + 2.0*$T1*$T2*$x2/(2.0*$rc) ),0.5)]
set St [expr ((6.0*$Pg*$Leg)/(pow($x3,2.0)*$x4))]

# ================ Constraint ===================================---ooooooos
setgl [expr $Ts-$Tdg]

set g2 [expr $St-$Sdg]

set g3 [expr $dy-6.35]

set g4 [expr $Pg-$Pcr]

set g5 [expr $x1-$x4]

set smartdo_cnstrn(1) $gl
set smartdo_cnstrn(2) $g2
set smartdo_cnstrn(3) $g3
set smartdo_cnstrn(4) $g4
set smartdo_cnstrn(5) $g5
#
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File Name : weldingopt_obj.tcl

# weldingopt_obj 20070610 4th-section

# Pg = Loading on free side

# Eg = Young's modules for 1010 steel

# Sdg = Max. allowable normal stress (Sigma_all)

# Tdg = Max. allowable shearing stress (incl. direct shearing stress & moment shearing stress)
#T1 =direct shearing stress

#T2 = Moment shearing stress

# Leg = Length of 1010 steel

# Gb = Modulus of rigidity for 1010 steel

# cs = Material cost for soldering (6.41e-6 US$/mm~3)

#cm = Material cost for 1010 steel (2.93e-6 US$/mm”3)

# Cg = Torsional rigidity for 1010 steel

#1 = Moment of inertia

#dy = Deformatiom on free side

# Pcr = Max. allowable buckling force

#rc = The distance between the center of total and each of soldering area
# Mt = Bending moment

#J = Polar moment of inertia

set x1 $smartdo_x(1)
set x2 $smartdo_x(2)
set x3 $smartdo_x(3)
set x4 $smartdo_x(4)
#

set Pg 26.67

set Eg 206.84
set Sdg 0.2068
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set Tdg 0.0937

setLeg 355.6

set Gb 82.737

#

set smartdo_obj [expr ((6.41e-6+6.1e-5)*pow($x1,2.0)*$x2)+((2.93e-6)*$x3*$x4*($Leg+$x2))]
#
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File Name : weldingopt_check.tcl

set x1 $smartdo_x(1)

set x2 $smartdo_x(2)

set x3 $smartdo_x(3)

set x4 $smartdo_x(4)

#

puts " The checking values as below : "
PULS "=mmmmm s m e oo "

puts "The value of final deformation on free-end ="
puts $dy

puts "The value of final buckling force ="

puts $Pcr

puts "The value of final shear stress ="

puts $Ts

puts "The value of final stress ="

puts $St
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%% Final-term report___main.m_section-4 %%
clc

global Pg;

global Eg;

global Sdg;

global Tdg;

global Leg;

global cm;

global cs;

global Gb dy;

Pg = 26.67;

Eg = 206.84;

Sdg = 0.2068;

Tdg = 0.0937;

Leg = 355.6;

Gb =82.737,;

CS = 6.41e-6;

cm = 2.93e-6;

%% Minimization function : X = fmincon(@myfun,x0,A,b,Aeq,beq,lb,ub,@mycon,option)
A=[100-1];

b = [O];

Aeq = [];

beq = [I;

Ib = [3.175 2.54 2.54 2.54];

ub = [254 254 254 254];

x0=Ib + (ub-Ib).*rand(1,length(lb));

option=optimset('Display','iter’);
[X,fval]= fmincon(@ObjFun,x0,A,b,Aeq,beq,Ib,ub,@mycon,option);

mincost = ObjFun(X);
y=dy;
Pcr=Pb;

disp(y);
disp(Pcr);

fprintf(\nMin. cost = %3.5f U$\n',mincost);
fprintf(\nThe Minimum Dimension h = %3.2f mm , | = %3.2f mm , t = %3.2f mm , b = %3.2f
mm\n’,X(1),X(2),X(3),X(4));
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%% Final-term report___mycon.m_section-4 %%

function [c , ceq] = mycon(X)

global Pg;

global Eg;

global Sdg;

global Tdg;

global Leg;

global Gb dy Pb;

%Tp = Pg./(1.414.%x(1).*x(2));

%M = Pg.*(Leg+(x(2)./2));

%R = ((x(2).72./4)+(((x(1)+x(3))./2)).72).”0.5;

%J = 2.%((0.707.*x(2).*x(2)).*((x(2)."2./12)+((x(1)+x(3))./2).~2));

%Tpp = M.*R./J;

%I = (x(3)*x(4)"3)/12;

%alpha = (Gb*x(3)*x(4)"3)/3;

c(1) =
((Pg/(1.4214*x(1)*x(2)))"2+2*(Pg/(1.414*x(1)*x(2)))*((Pg*(Leg+(x(2)/2)))*((x(2)"2/4)+(((x(1)+x(3
))/2))"2)"0.5)/(2*((0.707*x(1)*x(2))*((x(2)"2/12)+((x(1)+x(3))/2)"2))))*(x(2)/(2*((x(2)"2/4)+(((x(1)
+x(3))/2))*2)"0.5)))+(((Pg*(Leg+(x(2)/2)))*((x(2)"2/4)+(((x(1)+x(3))/2))*2)"0.5)/(2*((0.707*x(1)*
X(2))*((x(2)"2/12)+((x(1)+x(3))/2)"2))))"2))"0.5 - Tdg;

c(2) = ((6*Pg*Leg)/(x(3)"2*x(4))) - Sdg;

c(3) = ((4*Pg*Leg"3)/(Eg*x(3)"3*x(4))) - 6.35;

dy=((4*Pg*Leg"3)/(Eg*x(3)"3*x(4)));

c(4)=Pg-
((4.013*(Eg*((X(3)*x(4)"3)/12)*((Gb*x(3)*x(4)"3)/3))0.5)/Leg"2)*(1-(x(3)/(2*Leq))*(Eg*((x(3)*x(
H"3)/12)/((Gb*x(3)*x(4)"3)/3))"0.5);
Pb=((4.013*(Eg*((X(3)*x(4)"3)/12)*((Gb*x(3)*x(4)"3)/3))*0.5)/Leg"2)*(1-(x(3)/(2*Leg))*(Eg*((x(3
)*x(4)"3)/12)/((Gb*x(3)*x(4)"3)/3))"0.5);

ceq = [;

%% Final-term report___ ObjFun.m__section-4 %%
function cost= ObjFun(x);

global Leg;

global cm;

global cs;

cost = ((6.1e-5)+cs).*x(1).12.*x(2)+cm.*x(3).*x(4).*(Leg+x(2));
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