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Background & Description of The Problem
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Structure of LCM
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3D Profile of Cushion




Objective
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Objective
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Cushion (Rubber):

F = 200 N/mm [ -

E = 700 kg/s2 x mm ol |

0 =9.6x10-7 kg/mm3 g (2.6, 32

y=0.41 80, X2) o

0 gov = 19 Kg/mm? g | 5(2.6-%2] $>

® 2-b

(0 gov » Lamps ~ )i 4 53 &)



Formulation

Design Variables : X1, X2, X3, X4 (4rBl2-b#177)

Obijective function:
To minimize : f{(x) =W=V* o = p *A*L (V=A*L) (4 ANSYS:* %
Inequality Constraints:

Oc Oc

Teov 1 19(k%m2) 0 (0. % Cushion#7i % Hf 4 )
Lower/Upper Bounds for Design Variables

0.1 =X1=10

0.1 =X2=10

2.5 = X3 = 35

1.0 = X4 =30




Tasks
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Tasks

&€ %iE SmartDo Formulation -
a. Entry file
b. Objective file
c. Constraint file
d. Template file for SmartDO
e. Native input file for ANSYS
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Comparison between different Solver

Deacription for

The value for optimum design

Volume

' Initial Value X1 | X2 | X3 | x4 Stress=19( Converge | TotalRun | Run
different Solver U:0.1|U:0.L U225 ULO| o o (Kg/mm?) Cycle Cycle Time
L:1.0| L:2.0| L:3.5( L:3.0 ject number number (sec)
Function
X1=0.1, X2=0.1
smartdo_ioptmzr 1 |X3=3.0, X4=2.0
smartdo_idfit 1 V=10.47mm2 1.00 | 1.00 | 250 | 1.01 1.975 6.367 4 6 76
0 =0.98(Kg/mm2)
X1=0.1, X2=0.1
smartdo_ioptmzr 1 |X3=3.0, X4=2.0 First: 4 First: 13
smartdo_idfit 15 |v=10.47mm? 1.00 | 1.00 | 2.50 | 1.00 1.955 6.440 Second : 1 | Second - 10 195
0 =0.98(Kg/mm2)
X1=0.1, X2=0.1
smartdo_ioptmzr 1 |X3=3.0, X4=2.0 First : 4 First: 13
smartdo_idft 16 V=10.47mm? 1.00 [ 1.00 | 2.50 | 1.00 1.955 6.440 Second - 1 | second : 10 192
0 =0.98(Kg/mm?2)
X1=1, X2=1
smartdo_ioptmzr 1 |X3=2.5, X4=2.0 First: 2 First: 11
smartdo_idflt 15  |\V=1.975mm? 1.00 | 1.00 | 2.50 | 1.00 1.955 6.440 Second - 1 | second :10 153
0 =6.367(Kg/mm2)
X1=1, X2=1
smartdo_ioptmzr 1 |X3=2.5, X4=2.0 First: 1 First: 10
smartdo_idflt 16  |Vv=1.955mm? 1.00 1 1.00 1 2.50 | 1.00 1.955 6.440 Second : 1 | Second :10 Had

0 =6.440(Kg/mm2)

12




Curve for Obj. function and Max. Violation

smartdo_ioptmzr 1 —e— Objective function value

smartdo_idfit 1

SmartDO Run Comparable

—— Maximum violation value

12.000 1.000
10.471
10.000 | 0500
8.000
- 0.000
£
S 6.000 L0
O
= -0.661 0661 | 9500
4,000 = -
1.955 1.955 000
2.000 . « T
0.000 -1.500
1 5 6
No 1 Cycle time
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Curve for Obj. function and Max. Violation

smartdo_ioptmzr 1
smartdo_idflt 15

—— Ob jective function value

SmartDO Run Comparable

—#— Maximum violation value

12.000 1,000
1 0.800
10.000 | 0.600
8000 | 0.400
0.200
£
S 6.000 0.000 &
= -0.200
4000 | -0.400
2000 | -0.600
. 1 -0.800
First Second
0.000 | | | | | | | | | | | | | | | | | | | | _1.000
1 2 3 45 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23
No 2 Cycle time
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Curve for Obj. function and Max. Violation

smartdo_ioptmzr 1
smartdo_idflt 16

Smar'TDO Run Compar'able —o— Ob jective function value

—#— Maximum violation value

12.000 1.000

1 0800

10000 | 0.600

8000 | 0.400

9 0.200
5 6.000 0000 32

= -0.200

4000 | 10400

2000 | -0.600

_— -0.800

0.000 | | | | \Irs | | | | | | | | | \Second | | | _1.000

1I 2 3456 78 91011 12!3 151516171819202122'23
No 3 Cycle time
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Curve for Obj. function and Max. Violation

smartdo_ioptmzr 1 SmartDO Run Comparable —e— Objective function value
smartdo_idflt 15 —=— Maximum violation value
1.980 1.000
1 0.800
1975
1 0.600
1970 1 0400
o1
3
=1.960

8 —u—u—u—u—u—u 0000 2
/ -0.200

0000000000/000000000-0.400

195OIIIIIIIIIII -0.600

First Second -0.800
ﬁﬁ
1.945 | | | | | | | | | | | | | . . . . | | _1.000

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
No 4 Cycle time

1.955

Initial value is from No_1 16



Curve for Obj. function and Max. Violation

smartdo_ioptmzr 1

. SmartDO Run Comparable —* Objective function value
smartdo _idflt 16 —=— Maximum violation value
2500 1000
1 0800
2000 [ 60—+ o o o o o o o o o+ o o o oo oo | 0600
1 0400
. 1500 0.200
_§ = = = = = = = = 0000 5°
~ 1,000 /. -0.200
1 -0400
0500 i [ | L | | L | | L | | | -0600
First Second 4 -0.800
0.000 -1,000

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
No 5 Cycle time

Initial value is from No_4 17




Comparison between Initial & Optimum design

1
DISPLACEMENT

3UE =1
TIME=1
DI =.570E-03

Initial Design Optimum Design
X1=0.1mm X1=1.0mm
X2 =0.1 mm X2 =1.0 mm
X3 = 3.0 mm (Height) X3 = 2.5 mm (Height)

X4 = 2.0 mm (thickness) f Down 81% [ X4 = 1.0 mm (thickness)
o = 0.98 (kg/mm?)

o = 6.44 (kg/mm?2)

Volume = 10.47 (mm3) ﬁ Volume = 1.955 (mm3) 18



1.

2.

Result & Discussion

& Initial design= + ¢ ”ﬁ 0.98 (kg/mm?) - ie & Lamp=
f%f@ 4 ;‘%‘ 19 (kg/mmZ) o 7 ‘_E'_;:_;}a |I’]Itla| deS|gn ;‘%‘ 3@& T/E‘EE
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Issues can be continue in the fut
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List and Brief main file for SmartDO and ANSYS

[P 061246 tcl - R

BRE HREE EA0 R0 SR

=10l x|

# Entry File for B612A6

smartdo filobj 8612A6_obj.tcl
smartdo filcns B612A6_cns.tcl

al

# 8612A6.tcl 20070613 FEA-Opt Technology

| »

;# use the type 16 default setting

;# objective file

:# constraint file

> TR E]

—*[1ig Constraints]

ilI= = === == = = e S S e e N e s s e e s = e e S eSSss====
# Optimizer parameters

#

set smartdo_ioptmzr 1 ;# use gradient-based CFDH
set smartdo_idflt 1 ;# use the type 1 default setting
#set smartdo_idflt 16

i

B e e e X X - FEFFFFF FFF e F F ¥
# Hodel parameters

i

set smartdo_ndu L i number of design variables
set smartdo_ncnstrn 1 ;# number of constraints ™
i

# === design variables

#

set smartdo_x(1) 8.18 ;# DU 1, initial

set smartdo_x1{1) a.18 ;8 DU 1, lower bound

set smartdo_xu{1) 1.88 :# DU 1, upper bound

i

set smartdo_x(2) 8.1a # DU 2, initial

set smartdo_x1{2) a.18 ;8 DU 2, lower bound

set smartdo_xu{2) 1.88 :# DU 2, upper bound

i

set smartdo_x(3) 2.008 ;# DU 3, initial

set smartdo_x1{3) 2.58 ;# DU 3, lower bound

set smartdo_xu{3) 3.58 :# DU 3, upper bound

#

set smartdo_x{4) 2.80 s DU 4, initial

set smartdo_x1{%) 1.88 ;# DU 4, lower bound

set smartdo_xulX) 3.88 :# DU 4, upper bound

#

# === Link to objective and constraint files

i

e R ]

P EE TR

Jf 3§ B~4xit objective
unction 4§, %

Entry file

> |27 7/ B4t
Constraints &, &

21



List and Brief main file for SmartDO and ANSYS

_inix
wFERE &JEE B0 wRe0  SHeEE

### wreite the DUs into inp file
smartdo exetcl B612Ad6_ans_inpBB.txt B612A6_ans_inpB1.Etxt

#it# system call to AHSYS
exec ansys.exe -db 28 -m 58 -h < Bﬁ1296_an5_inpﬂ1.txt %

#ii#Ht open the output file B8612A6_ans_par8i.txt
set File@d1 [open "B8612A6_ans_par@1._t=t" “r"]

#i#t reading the objective value from B612A6_ans par81.txt
while { [gets $File@@1 String@e1] *= -1}

# ====== search for the target string : “=SET,v0LUB3"

if { [string first "=*SET,U0LUB3" $String@e1] *= -1 3} {
I
#} ============= gplit the input line with a commna, put into S;:::;EE!\-
set String@e2 [split $Stringee1 ,"]
ft ============= get the 3rd field into smartdo_obj
set smartdo_obj [lindex $String@ez 2]
¥
H
close $FileBsd .
4] 2W

~_

"-.___._.-.-.

& ¥ SmartDOFAF]JANSYS e
E 2% ESmartDOp
/:K'@v\’ﬁ&; ’ é.i‘l-'l;ﬁﬁ'ﬁ")‘aﬁp
R T
FerANSYS input# - d

0612A6_ans_inp00.txt:z
‘0612A6 ans inpOl.txt

SamrtDo g call ANSYS(¢F 8
S a4 7 9 HFA 2 RTH
(0612A6_ans_inp01.txt)

SamrtDoi B~ANSYS:H 5 =
\ /l“ erE?] rl %
(O612A6_ans_par01.txt)

N gﬁnANSYSMr@J £

VOLUO3 i (% % | = 58 A
i#)%¥ % Objective function
lvalue o

Objective file

22



List and Brief main file for SmartDO and ANSYS

B 061246 cusel - S2BA B [=l S
BEE BHE BA0 BRO HAH
e ——Y—Y,Y,Y—Y—Y——————————Y—YYYYY =]

##t open the output file B612A6_ans_par@1.txt
set Filed81 [open "B8612A6_ans_pardl txt™ "r"]

##kt reading the constraint value from B612A6_ans_par 81 .txt
vhile { [gets $File8@1 String@d1] *= -1} {

search for the target String : "=5ET,STRSSEQU™

SamrtDo B~ANSYS:+ & %
> fo o 4
I(0612A6_ans_par01.txt)

3 B-ANSYS 4 ) 2
STRSSEQV:hid (¥ %

FERA ) Fougt
& Constraint o

if { [string first "“=SET,STRSSEQU" §String@e1] t= -1 } {
I
#f ============= sgplit the input line with a commna, put into String@g2
set String@e2 [split $String@et ™,"]
#f ============= get the 3rd field into strssequ
set strssequ [lindex §Stringee2 2]
# ============= galculate the normalized constraint value
set smartdo_cnstrn{1) [expr $strssequ/19.8-1.8]
H
H
close $FileBm
|5}

Constraints file

B A
Constraint » # ;%3 4o
CTC

-1<0

19(9/ )

23



List and Brief main file for SmartDO and ANSYS

P 061246_ANS_inp00 ikt - SE

ﬁi@ ﬁﬁ@ ﬁﬁ@ ﬁ| =o1 AH /T
¢ DESIGH PARAHMETERS Sam rtDOA,\

puei=§smartdo_x{1)
puBZ=§smartdo_x{2)
pue3=$smartdo_x({3)

puBy=$smartdo_x(4)
L]

T ANSYS<eh
FEi A

?* OTHER PARAMETERS
Fip1=3.0
MESHSIZEB1=8.3

4 Frend B g
o F A2

L]
-~ (4
57 PANSYS
ET,1,186 S N S
ET,2,82 @1 » #% °
MP.EX,1,700
HMP ,HUXY ,1,8.3
H
s e S e eSS s s s ssf SSSSS=_=S===
? CREATE KEYPOINT
K, 1, DUB1, 6.8, 8.9
K, 2, 2.6-DU81, 0.0, 0.0
K, 3, 2.6, bUue2, 0.8
K, 4, 2.6, DUB3-DUB2, 8.0
K, 5, 2.6-DU81, DUG3, 0.0
K, 6, DUB1, DUB3, 9.0
K, 7, 8.8, bUa3-pUe2, 8.0
K, 8, 8, bua2
H
e s eSS e S S S S S S S S E S S S SSSSSSSE5S
* CREATE 8 LINE
LSTR,1,2
LSTR,2,3
LSTR,3,4
LSTR, 4,5
LSTR,5,6
LSTR,6,7
LSTR,7,8
LSTR,8,1
H
L S I I e

L— Template file (fr

o x]
HWEE REE ER0 R0 SHEH

* CREATE AREA =]
AL,1,2,3,8,4,5,6,7

L ]

* CREAT VOLUME
UEXT,1,,,08,8,-DUBy
cCYLY4,1.3,1.3,0.9,,,,-DVB4
]

tUSBV UOLUHME
Usev,1,2

* ASK ANSYS TO CALCULATE AREA/UOLUME
UsumM

ASUH

H

¢t GET VOLUHME OF UOLUME 3
=GET ,VOLUB3 ,VOLU,3,V0LU

ANSY S#;
M E -

¢ DEFIHE FIXITY OH AREA &
ba,5,ALL,08.8,1.0
pa,9,ALL,B8.8,1.8
DA,13,ALL,0.8,1.8
bA,14,ALL,08.0,1.8

t

* DEFINE FORCE OM AREA 7
t

* ——— GET AREA
*GET,AREADZ, AREA,7,AREA

*CET,AREAD3 ,AREA, 3, AREA
¥ I

t —-- CA

LCULATE PRESSURE
RE A 87
Al

PRO1=FX@
H
t
5FA,7,,PRES,PEM
5FA,3,,PRES,PXM

1/ARE

om native input fbr ANSYYS)

[P 0612A6_ANS_inpDD et - 3B o ]

BEE REE BAO WR0 SHEm

¢ MESH 3IZE
LESIZE ,ALL ,MESHSIZEB1
MOPT ,(QMESH,ALTERNATE

¢t MESH AREA 1 AHD UOLUWE 3
MSHKEP , 8

M3HAPE, 8,2D

t

MESH,3
USWEEP,3
t

ACLEAR,3

* GET RESULT
FPOST1
SET

0612A6_an
et Bl S PriOl.txt

*CET,STRSSEQU,SORT, , HAX

* SAVE ALL THE PARAMETERJ

PARSAVU,ALL ,B8612A6_ans_par @1, txt
[ ——
FIHI
EXIT

il

| 2




List and Brief main file for SmartDO and ANSYS

P 0612A6_ans_parD1 . txt - SRE -10] %]
#BFEE &EED SA0 wRO HHE
l/HOPR -

*SET,AREAB3 , B.6060000000000
*SET,AREABY , B 6060000000000

*SET DU a1 1.000000000000 & sk 2L F o2 2k
P by

*SET,DUB2 1.000000080080 $ ANSYS" 7t Ie

*SET,DUB3 2.500800000000 tﬁ-ﬁ D E R A B

*SET,DUBY 1.0810000000000 3

*SET,FX01 3.000000000000

*SET,MESHSIZE@1, 0.3800000000000 )
*SET,PX01  , 14.958495849505 /
*SET,STRSSEQU, 6.366999674479
*SET,U0LU03 , 1.074863315301
«SET,_RETORN , ©.806060606060 F ¥ 2L B o gk
. E = 23 = B é’
*SET,_STATUS , 1.080080880000 o % ANSYS3+ 5 = = 18

/60 _Ij '—“'Li‘ﬁ] NnE ERAE
| &

al

Output file from and
after ANSYS analysis.
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