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Step1. Project Statement

2 2100t 500mLe! B2

% STS3042| H|= : p=8.00g/lcm®

SN 0.3mm
B El-/c\jj:"_ﬁ\_ - E=193GPa, G =86 GPs
o %".I'I L?j:”_Jl\_ . KST5304 =16.2 W/mK

®

\Z
0‘0

SH=22lE : o, =215 MPa

Reference : Online Materials Information

Besource i matweb.com i



Step2. Design Variables

Diameter
of the
bottle

H
Height of the
-< bottle v




*Theorem 1
Heat conduction in cylinders,

\
Ei(krd_-r =0

General solution of upper egn. is
T(r)=C,Inr+C,
Thus, the heat transfer rate is

\\Q oT _27KL(T,-T))  T,-T,

= k(2L
) o =g, 1) In(r,/1,)/ 27kl //




Step3. Theorems & Constraifits. 5

*»»Constraint 1
P28 22 M0 2lst Kl Al

T -T,
: <
- <1BW

D-1
2kt

In

D <8.04/7326cm



Stepd. Theorems & Constraifts. 4

*Theorem 2
Heat transfer from finned surfaces

Assume that the upper side of Thermos bottle
IS like a thin fin. And spread the rolled surface,

as width is pi*D.
0 _ cosh m(L — x)

6, cosh mL
, déo
Qs = —kA& = /kAhP§, tanh mL




Step3. Theorems & Constraifits.

*»»Constraint 2

Jkz(D-1t-h-2{z(D 1) +t}(T, T, ) tanh \/%L <1.5W

3
mL = 2—hL5,An:t-L
\/kAn

thus,

2.34502D% —35.67129D +123.67551< 0
5.3d7 cm <D <£9.8658 cm




Stepd. Theorems & Constraifits. 4

(o

*Theorem 3
Strain Energy

2 2 2
U =D gy =3Pt U=mgh=PL
2G 5GA 5GA

By the Potential Energy

<

2
b <0.1899
H




2 Strain(Deflection) simulation

and Elements

-85 Propertie

Modes and Elements




Stepd. Theorems & Constraifits. 4

»*Theorem 4

For Buckling
» _7°El _7’El _(zD)’Et P >P
ToL 2L 32H
(o1~ 7;%3 )

: P=60 kN ;

\Iﬁeference : Mechanics of Materials




Step3. Theorems & Constraifts

»Buckling Test




Step3. Theorems & Constrai_ﬁts

*»Constraint 3

2

D—s 0.1899
H

s Constraint 4 Constraint 5
1
{PX(32H)}3 7 (D-1)?x (H —0.5) = 500
Et 4

D>

/A



Step4. Cost Function

< ZlUigt JIHEE=E 24
o ZAFUF = AHE

f =%D2t+ﬂD% Ht+{% D2 —%(D—0.005><2)2}t+%(D—0.01)2t+ (H —0.005)7(D — 0.01)t

“te 8o SHE =& 24H0.3 mm)



The solution of the project

wExcel Solver

i B C D E F G H I J K L
2 | 5.13075E-05 |} D H
3 51.30745447 | cm?
4 406.8681139| g 0.062883543 | 0.232508038 m
5 6.288354349 | 23.25080382 cm
6
7 Table for Graph D H
8 H gl g2 g3 g4 g5 f 0062884 0232508 m
9 00,1655 0.072979984 0.05347 0.08047326 0056147 0052017 0106731 0.288354 | 23.2508 cm
10 0166 0.072882113 0.05347 0.08047326 0056203 0052332 010645
11 0.1665 0.072784696 0.05347 008047326 0056259 0052647 010617 constraints
12 0167 0.072687732 0.05347 008047326 0056316 0052964 0105892
13 0.1675 0.072591215 0.05347 008047326 0056372 0053282 0105615 gl -2.8E-07 {lume=500m
14 0.168 0.072495142 0.05347 0.08047326 0.056428 0.0536 010534 gl D <= 0.080473
15 01685 0.072399511 0.05347 0.08047326 0056484 005392 0105066 g3 0.05347 | ==D<== | 0.093658
16 0169 0.072304317 0.05347 008047326 005654 005424 0104794 .
17 0.1685 0.072209557 0.05347 0.08047326 0056595 0.054562 0104523 g4 buckling D> {M}‘
18 017 0.072115229 0.05347 008047326 0056651 0.054884 0104254 B
19 01705  0.072021328 0.05347 0.08047326 0056706 0.055207 0103986 T
20 0.171 0.071927852 0.05347 008047326 0056762 0055532 010372 3
21 01715 0.071834797 005347 0.08047326 0056817 0.055857 0.103455 g5 Energy D_g[]_lggg
22 0172 0.071742161 0.05347 0.08047326 0056872 0.056183 0103192 H
M4 » M| Sheetl | Sheet? ~Sheet3 %23 0! m [




wExcel Solver

21
22
23
24
25
26
27
28
29
30
il
32
33
34
35
36
37
35
30
40
41

A
01715
0172
01725
0.173
0.1735
0.174
0.1745
0.175
0.1755
0176
0.1765
0177
0.1775
0178
0.1785
0.179
0.1795
0.18
0.1805
0181
01815

B
0.071834797
0.071742161

0.07164994

0.07155813

0.07146673
0.071375735
0.071285144
0.071194952
0.071105158
0.071015757
0.070926748
0.070838127
0.070749892

0.07066204
0.070574567
0.070457472
0.070400752
0.070314404
0.070228424
0.070142812
0.070057563

4 <> [ Sheetl | Sheet? . Sheet3 /%3

C

0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347
0.05347

O e 3 ATE

0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047
0.08047

M M0 n AT

012

01

0.08

0.04

0.02

0.1655

0171
01765

0182
01875

0.193
01985

0.204
0.2095

0.215
0.2205

0.226
0.2315

0.237
0.2425

0.248
0.2535

0.259
0.2645

0.27
0.2755

0.281
0.2865

0.292
0.2975

—p—pl
——g?
——p3
—r—gd
—#—g5
——f




) Optimization Tool

File Help

Problem Setup and Results

Options

Solver:
Algorithm: | Active set
Problem

Chjective function: | @sarkopt

Nonlinear constraint function:

Derivatives:

fmincon - Constrained nonlinear minimization =

-

Derivatives: Approximated by solver -
Start point: [0.020 0.10]

Constraints:

Linear inequalities: A10-10 b |0.080473:
Linear equalities: Agg: beq:

Bounds: Lower: Upper:

@sarkcon

:Approximated by solver ':

| »

[ Stopping criteria

( Function value check

[ User-supplied derivatives

[ Approximated derivatives

[ Hessian

Algaorithm settinas
Inner iteration

Run solver and view results

Current iteration: |8

Pause

Objective function value
Optimization terminated:
direction less than Z+op
and maximum constraint
options. TolCon.

S 4

Final paint:

g 2

0.063| 0.233

0, 0629

F¥al =

5. 1320e-005

Current Paint

| EIPlot functions 0.4
Current point
+= 0.3
[] Max constraint =]
o
[C] custom functit E 0z
| EOutEutfuncti( I(_;.S 01
| [C] custom functit
0
y to con 1 2
isplay: | Mumber of variables: 2
diagnost é?g&rrpmt‘ Function %alue: 5.132e-005
&
0. 2326 2
ae]
=
54
o
5
T
4 4 4+ 4 4 4
0 2 4 B a
Iteration

Function evaluations

FMINCON
with
Optimtool

Total Function Evaluations: 27

4
35
£l I I N R B B B
24
2
0 2 4 G 3
[teration
Step Size: 2.0491e-007
5
&+ &
o 4
»
=
[k}
i1 2
P4
0 2 4 51 3
[teration



). Optimization Tool s 20 0 N

File Help

Problem Setup and Results

Options

GA

Solver: | ga - Genetic Algarithm
Problem
Fitness function: @sarkopt

Mumber of variables: |2

Constraints:

Linear inequalities: A1O-10 b |0.0804732¢
Linear equalities: Aeq: beq:

Bounds: Lower: Upper:

Monlinear constraint function: |@sarkcon
Run solver and view results
[] use random states from previous run

Current iteration: |11

Pause Stop

Clear Results

I Fitness scaling

[ Selection

[ Reproduction

[ Mutation

[ Crossover

J
]
)
]
)

FMINCON: Optimization terminated: first—order
optimal ity measure less than options.TolFun
and maximum constraint violation is less than

options. TolCon.

1 |

S 4
Final point:
14 2
0.061 0.247|
L] 3

= Plot functions

Plot interval:

Fitness value

[C] Best fitness

[C] Expectation
[C] score diversity
[T stopping

[C] custom functio

= OutEut functio

[C] History to new "
[T] customn functio

B Disélai to com

Level of display: i

= Vectorize

Fitness function is «<

Awergae Distance

o

=)

Best: fr166e-005 Mean: 5.1291e-005
2

i +  Best fitnezs
* + Mean fitness
Ugs
’0
*
-2
r
-4 . ;
0 a0 100
Generation

Awerage Distance Between Individuals
0z

-
15
0.1
05
1
20 40 ®BO 80O 100
Generation

- with
Optimtool

Current Best Individual

= = =
[ L =

=
b,

Current hest individual

=

1 2
Mumber of variables (2)
Fitness Scaling

0.5

*

Expectation

517 518 518 52

Raw scores -4
% 10




) Optimization Tool T 000 0 N

File Help
Problem Setup and Resuls Optons Pattern Search
Salver: | patt h - Pattern Search | [zl ] -
olver: | patternsearch - Pattern Searc M
L i [ Search th
Problem [ ] WI
Objective function: | @sarkopt L ] -
jjective Tunction: Sarko i
— Optimtool
Start point: [0.03 0.20]
H Cache |
Constraints BeghPunction Yalue: 5.13586-005 Current Mesh Size: 8.7096e-010
Linear inequalities: Al10-10 b [0.0804732¢) ||[_E Plot functione 2 1
Linear equalities: Aeq: beq: Plot interval: v . * *
Bounds: Lower: Upper: [T Best function 1 5 1 i
Lix]
Nonlinear constraint function: | @sarkcon [T Best point s 0 i < 05
o O
Run solver and view results [ custom functi = A * * * =
w
[T use random states from previous run m
_ 2l : ; 1]
Pause Stop [T History to new 1] 5 10 0 a 10
. lteration lteration
Current iteration: iRy [] Custom functi = : ! :
r i = Tatal Function Evaluations: 4000 Current Best Paint
| ElDispaytocor  Z
Object ive function value: 51251 3950249302665 Sbisplayioca 2 B0 * 04
Optimization terminated: mesh size less than Level of display: | o & I=
; = F00 * = 03
options. TolMesh - * =
o wiolation i [ BVedoize = ¢
and constraint violation is less than = . . w
options.TolCon. Objective functio & 400 &z
= = =
h i =
+ &
av & 200 ¢ =5 01
Final paint: _5 ¥ &
14 2 T et : : 0
0.061] 0251 & = g g W ! -
- - - i Stop lteration Mumber of variables ()
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*» CATIA Optimization

Optimization @Iﬁ
Objective best value: |0.027793266!
— Optimization Constraints -
|| Narne ] Body I Satisfied Distance to satisfa... ] Activity J
|| Constrain... misesmax(Finite Elemen... No 7.73464e+006 True
Number of updates performed: ]i 5/200
Mumber of updates without improvement: 2/50
Elapsed Time: 0:22/5:00
Number of aborted updates: o
.

by Simulated Annealing
>>>couldn’t find<<<

Cptimization

Problem | Censtraints | Computations results

Optimization type: [n1inimization
Optimized parameter

[Finite Element Model. 1#EnergywEnergy |0.028)

Target value: [Minimum .

Free Parameters

MName | Walue | Inf. Range | sup. Range | Step

Edit list l

Available algorithms

Part1#tPartBody®Pa.. 0.165mm Auto.

Edit rangss and step l

Algorithm type : |Simu|ated Annealing Algorithm
Selected algorithm settings
Running Criteria

=

Convergence speed : Fast

Termination criteria

Maximum number of updates |2£HC}

4 Consecutive updates without improvements |5U

S Maximum time (minutes) |5

Optimizaticn data
[ 5ave optimization data
Run Behavior

(O With visualization update @ Without visualization update
d Disconnect Unde log

Run DEtimiZatiDﬂ |

@ ok | & apply | @ cancel |




3

ISCUSSION

D

About the Initial Values

e

*




Discussion #1

**»About the Initial Values

Initial Values

Solver Fmincon PS GA
01 001 0.062 0241
01 1 0.059 0.274 0.060 0.259 0.061 0251
0.001 0.01 0.053 0342 [ NN 0.059 0.273
0.001 1 0.053 0.342 0.059 0.270 0.063 0.232

0.09 0.185
0.06 0.22
0.08 0.28 0.056 0.308




Discussion #2

< Old Solution(1st) : D=5.39cm, H=27.65cm
>>0ptimum Sol.(2nd) : D=6.288cm, H=23.25cm

Zojirushi Thermos bottle

D=7cm, H=23cm

But!!
Weight of Thermo

A : 5.13075E-05| 1,3
1)\ s . 51.30745447 | ¢m®
=i A A 406.8681139) g

Zojirushi 280g




Discussion #2

<+ 3TS304 2 STS304CU

Physical Properties Metric
Density 8.00 glce
Mechanical Properties Metric
Hardness, Brinell 123
Hardness, Knoop 138

Hardness, Rockwell B 70.0
Hardness, Vickers 3
Tensile Strength, Ultimate
Tensile Strength, Yield

505 MPa
215 MPa

Elongation at Break Gl
Modulus of Elasticity 193 - 200 GPa
Poissons Ratio 0.250
Charpy Impact 325
Shear Modulus 86.0 GPa

»*Thickness of Thermos

Mechanical Properties Metric

Hardness, Rockwell B oo
Tensile Strength, Ultimate 620 MPa
Tensile Strength, Yield 330 MPa
Modulus of Elasticity Sl

620 MPa
330 MPa

505 MPa
215 MPa <
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