LAl

ASAE LPGEJ| &

Final project

Optimus Prime

2004007520 RIH-S
2004007757 O| = EH



Contents
Briefing
Problem Formulation Process
*Modified the Problem

Solution & Comparison 1 (2 variables)

*Excel(Solver), Matlab(fmincon, patternsearch, GA)

Solution & Comparison 2 (3 variables)

*Excel(Solver), Matlab(fmincon, patternsearch, GA)

Design Conclusion



-]' 1 KOREA °
Introduction

L]
s 20 s 0.004
155 b 0.002
@ @
190 l l wo oL BNEE = SOEE
OV 673 EOC16+ EUDO oV 7%

7 BLE15+ EU00
HUR g B g Hun g B pg

(el RIS 00 & ND vl | 1D

Xl = : LABO

M= SIZE : 3.2tx@345x602
=8cF . 49¢

UME : GML| A t-5 X}

<= X > ttp://www.lpgtank.com/



Problem Formulation Process

Stepl . Problem/Project Statement
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Closed-end, thin walled cylindrical pressure vessel
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Problem Formulation Process

Step2 : Data and Information Collection
27|19 L§et: P =3MPa ¥SF =2

int
Z10|: | =0.8m
PR ,
O, :T (Circumferential stress)

£ = PR(2-V) (Circumferential strain)
- 2Et
V. k. mv
A R T, (Fra :A_’[) (Shear stress by shock power)
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Problem Formulation Process

(Step”2 : Data and Information Collection)

- 7t2S8 Mze B2 / =dX

p = 7850kg / m*(massdensity)

E = 210GPa (Y oung'smodul uous)

v = 0.3(Poisson'sratio)

o, = 210MPa(axial stress) «ss 6733 e287|0| M=o tist 72 H8xE 3.
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7, =168MPa(shear stress) | s182%82e2l 80%E 7lttoll = gstojof pict.
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Carbon steel
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o Step3 . Design variables
0.8m

o Stepd : Objective function - minimize

Problem Formulation Process
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F 2462274317| 24.618
t 0.003734539| 0.0037
R 012636 0.
1 tau -881706L-08
2|sige -0.000109967
3lec -0.000653653
4R 0

R = 0.12686(m)
t = 0.0037(m)

Mass=24.6230kg
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Solution & Comparison 1 (2

variables)

Matlab - fmincon(SQP-activeset)

function stop = outfun(x,optimValues,state)
stop = false;
switch state
case 'init'
hold on
case 'iter'
plot(x(1),x(2),'0-");
text(x(1)+0.1,x(2),num2str(optimValues.iteration));
text(x(1)+0.1,x(2)-0.2,num2str(optimValues.fval));
case 'done'
hold off
otherwise
end

end

lb=[0.12686 0];

R = 0.1269(m)

91 €—

x0=[5 5];

options = optimset; t = 00037(m)
options = optimset(options,'Display’,

options = optimset(options,'PlotFcns’, _

options = optimset(options,'Algorith Mass—246076kg
options = optimset(options,'GradCons

options = optimset(options,'GradObj', 'off");

[x,fval,exitflag] = fmincon(@fun,x0,[1,[],[1.[1.Ib,[], @confun,options)
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321304484
x0=[5, 5]
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t x0=[-1, -1]
| R 05 0 0% 1 1z 2 25




Solution & Comparison 1 (2 variables)

Matlab - Pattern search

function stop = outfun(x,optimValues)
stop = false;
hold on
plot(x.x(1),x.x(2),'0"
hold off
end

>>|b=[0.12686 0];

x0=[10 5];

options = psoptimset;

options = psoptimset(options,'PlotFcns’, { @outfun });
[x,fval,exitflag,output] = m
patternsearch(@fun,x0,[],[],[1.[1.1b,[], @confun,options) t

R = 0.1269(m)

t = 0.0037(m) »

Mass=24.6180kg i
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Solution & Comparison 1 (2 variables)

Matlab - G.A
lb=[0.12686 0];
Dpiens = gempiieey Bedt: 24 6182 Mean: 37 653 Current Best Individual
options = gaoptimset(options,'Display’, 'off'); 9 02
options = gaoptimset(options,'OutputFcns’, { [] }); i +  Dest fitness =
[x,fval,exitflag,output] = e +  Meanfiness | = 0.15
ga(@fun,2,[L,].[L[1Ib,[],@confun,options) 5 2 E
E E 0.1
= ) o
T S 0.05
R = 0.1269(m) e -
0 5 10 1 i
t = 0.0037(m) Generation Mumber of variables (2)
Best, Worst, and Mean Scores
a000
Mass=24.6182kg
6000
4000
2000
| 2 4 6 8 10
P | Generation



Solution & Comparison 1 (2 variables)

“Comparison”

‘ Solver-GRG ‘ fmincon-SQP ‘ Pattern search‘

R 0.1269(m) 0.1279(m) 0.1269(m) 0.1269(m)

t 0.0037(m) 0.0037(m) 0.0037(m) 0.0037(m)

Mass 24.6230(kg)  24.6076(kg)  24.6180(kg)  24.6182(kg)

0.8m




Solution & Comparison 2

*3 variables
<
m(R,t,L) = 7850 -27zRt (L + 2R)
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Solution & Comparison 2 (3 variables)

Excel(Solver)-GRG -

27 | Ly .
' 05, b,
F 23.98573229| 24.61816 0o |
t 0.003678799] 0.003734|F | 1 - RO
R 0.128757973| 0.12686 - -
L 0.769136002 |
gl tau 6.90602E-10
g2[sigc -6.86517E-16
g3|ec -0.00055182
g4R -6.21268E-07

AL 2 Gt

$F$101 1 052 0589272 0628186 0003759 0003678799 C.00367
$F$102 1 02 015077 0123211 0131568 0128757973 0.128758
$F§103 1000001 0540001 0855097 0.863133 0725628 0769136771 0.769136

$F$100 1479601 6360.702 5088475 4235796 2411994 2398575026 23.98573
$Ff104 -0.99953 -0.10353 -0.08837 007693 -21E-05 6.90602E-10 6.91E-10
$F$105 -0.97143 051429 058496 -0.62467 425E-17 -0.80012E-16 -6.8E-16

$F$106 -0.97571 -051514 -0.58561 -062519 -0.00056 -0.00055182 -0.00055 u




function f=fun(x)
f=7850*2*pi*x(1)*x(2)*(x(3)+2*x(1));

function[c,ceq]=confun(x)
c(1)=5/(2*pi*1680)-x(1)*x(2);
c(2)=6*x(1)/210-x(2);
c(3)=6*x(1)*(2-0.3)/(2*210)-x(2);
c(4)=0.049-pi*x(1) " 2*(4/3*x(1)+x(3));
ceq=[];

>>x0=[1 1 1];
lb=[0 0 0;

options = optimset;
options = optimset(options,'Display’, 'off
options = optimset(options,'Algorithm’, ‘&
sequential quadratic Programming -
[x,fval,exitflag] =fmincon(@fun,x0,[1,[,01.0, ..

R = 0.1288(m)

1 x0=[3, 1, 2]

- §=23.9861

t = 0.0037(m)
L = 0.7691(m)

1 K3 3
it o vanaties: 3

48" ot Function Vie' 23 9085

Mass=23.9854kg




Solution & Comparison 2 (3 variables)

Matlab - Pattern search

x0=[1 1 1J L e
lb=[0 0 0]; 0_32\\__.----'5""" b it : Lo
options = optimset; : ;
options = optimset(options,'Display’, TR ol DR P W
options = ' : TN I e

optimset(options,'Algorithm’, - g
'active-set'); % SQP - sequential e
quadratic Programming | -
[x,fval,exitflag]

=fmincon(@fun,x0,[1,[1,[1.0.Ib,[],@con
fun,options)

x0 R t L mass
0.1 0.005 1 0.1179 0.004 0.9655 27.94311375kg
0.1 0.005 0.8 0.131774 | 0.003765 | 0.722537 24.12968402kg
000 X X X X

111 0.227 0.006 0 32.9654kg




Solution & Comparison 2 (3 variables)

Matlab - G A mmcf Best: 28.2169 Mean: 28.3736
[ ] £
id

lb=[ 0 0 Q]
options = gaoptimset;
options = gaoptimset(options,'MutationFcn',

¥ Best fitness:
*: Mean fitness

Fitness value

@mutationadaptfeasible); 00 20 30 40 sln_ 80 70 8 %0 100
options = gaoptimset(options,'Display’, 'off"); e
options = gaoptimset(options,'PlotFcns’, = ' '
{ @gaplotbestf @gaplotbestindiv }); ==
[x,fval,exitflag,output,population,score] = T 01
ga(@fun,3,[],[1[1.[1,1b,[], @confun,options) E 0.06
3_‘t_g_p__| 1 MNumber vaEariabIes (3) ’
R t L SHEOf ook EhAY B
x1 X2 X3 f
0.188295 0.00538 0.188857 28.25197034 kg
0.1266 0.0037 0.8428 25.3218545 kg
0.1704 0.0049 0.31 26.80172457 kg

0.227 0.0065 0.001 33.11312249 kg
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‘ Solver-GRG ‘ fmincon-SQP Pattern search G.A ‘ 2 Variables...

R 0.1287(m) 0.1288(m) 0.1318(m) 0.1266(m) 0.1279(m)

t 0.0037(m) 0.0037(m) 0.0038(m) 0.0037(m) 0.0037(m)

L 0.7691(m) 0.7691 0.7225 0.8428(m) 0.8(m)=const

Mass 23.9857(kg) 23.9854(kg) 24.1297(kg) 25.3219(kg) 24.6076 (kg)
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0.1288 m 0.1725 m
t 0.0037 m 0.0032 m r—
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