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= ~ Description

2-1.Background/overview
BEHBC AR FRMREAB LG T EFEL > PR A2
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2.2 CAD
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2.3.0bjective
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= ~ Formulation of NL P

Find T Design Variables 4

x = {DV01,DV02,DV03,DV04}

To minimize T Objective Function ;
Min F(x)=volume
Subjected to T Inequality constrain FLb < x < Uby

-1=DV01=1

-1=DV02=1
-0.2 =DV03=0.7
-0.8=DV04=0:2
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4.1. 3D #-7) & ANSYS sfickt

-7 3D Bl 0 ANSYS 6 s ® kG 5 g 0 &
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4.2 % = Smart Do ¥ ¥]3f e ;8
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No|File name lexplanation |Remark
1 |examp003.inp ANSYS&# Bt #r A2 o R d 2
Fi54 - examp003 ans par0l.txt 45
% -
2 |examp003.tcl SmartDo entry file. Design variables, solvers.

parameters etc.
ERRBHEMEE -

3 |examp003 obj.tcl SmartDo Objective #% Design variable I A
file. examp003_np01.txt file
Call ANSYS # A
examp003_inp01.txt file it 47
T EERELE
examp003 _ans_par0l.txt file.
4 |examp003_cns.tel SmartDo Constrairnt L examp003 _ans parOl.txt

file. EMB AN -

5 |examp003 mp00.txt |Input file. 3% 2t % 9% & design variables -
9L fLE A Create
point* A% o

6 |lexamp003 mpOl.txt |7F examp003 inp00.txt
% BT 4 B R AE copy
I 7 &

examp003 _np01.txt,

£ & ANSYS 4 #7 &4
AR -

7 |lexamp003_inp0l.out |ANSYS 4 #7 # 6930 E
hidy -

8 |CFDM_OPTM.out  |#.4k RCFDM 4 #7if%
A2 &40 W ST A

9 |ICFDM OPTM-csv  |#4frrdE
DV.objective function
#1 VMAX #3t il 42
EO i
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/FILN,EXAMPO003_ANS
DVO01= $smartdo_x(1)
DV02= $smartdo_x(2)
DV03= $smartdo_x(3)
DV04= $smartdo_x(4)
/PREP7

K,1, 0.0,0.0,0.0
8.0,0.0,0.0

8.0, 3+DV01,0.0
2.4+DV02, 3+DV01,0.0
2.4+DV02, 5.0, 0.0
1.5+DV03, 5.0, 0.0
0.0, 3+DV01,0.0

AARAXXAAX
~No NN

I'NATIVE ANSYS INPUT FILE

! DESIGN PARAMETERS
1X1=3

1X3=0.9

1X4=1.5

R=0.5

!
1

i OTHER PARAMETERS
FX01=6.0
MESHSIZE01=0.2

1

/PREP7

|

ET,1,45

ET,2,42

MP,EX,1,2000
MP,NUXY,1,0.394
MPDATA,DENS,1,,1000
1
|

! CREATE KEYPOINT
K,1, 0.0,0.0,0.0
'K,2, 8.0,0.0,0.0
K,3, 8.0, X1,0.0
K, 4, X2, X1,0.0
K, 5, X2,5.0,0.0
'K, 6, X2-X3,5.0,0.0
K, 7, 0.0, X1,0.0

1

! CREATE 7 LINE
LSTR,1,2
LSTR,2,3
LSTR,3,4
LSTR4,5
LSTR,5,6
LSTR,6,7
LSTR,7,1

1

| CLEAR FILLET
LFILLT3.4, R
|

| CREATE AREA
AL12,3,845,6,7
!




!
! CREAT VOLUME
VEXT,1,,,0,0,1.5+DV04
1

!
I ASK ANSYS TO CALCULATE AREA/VOLUME
VSUM

ASUM

!

I GET VOLUME OF VOLUME 1
*GET,vOLUO01,vOLU,1,vOLU

1
]
I DEFINE FIXITY ON AREA 4
DA4,ALL,0.0,1.0

!

!
! DEFINE FORCE ON AREA 7
!

I--- GET AREA
*GET,AREAQ07,AREA,7,AREA
1

! --- CALCULATE PRESSURE
PX01=FX01/AREAQ7

!

|

SFA,7,PRES,PX01
1

IPSF PRES,2
|

1
|
I MESH
1
!
I MESH SIZE
LESIZE,ALL,MESHSIZEO1
MOPT,QMESH,ALTERNATE
1

!
I MESH AREA 1 AND VOLUME 1
MSHKEP,0

MSHAPE,0,2D

!

AMESH,1

VSWEEP,1

!

ACLEAR,1

!
!
' SOLVE NOW
/SOLU

SOLVE

!
!
!
' GET RESULT

/POST1

SET

PLNSOL,S,EQV
NSORT,S,EQV
*GET,STRSSEQV,SORT, MAX
1

i SAVE ALL THE PARAMETERS
SAVE
PARSAV,ALL,examp003_par01,txt
!

FINI

EXIT
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4.3.5 4 SmartDo 5 ! &

/FILN,EXAMPO003_ANS
DVO01=-2.305919¢-001
DV02=-7.746310e-002
DV03= 5.001606e-002
DV04=-6.503028e-001
/PREP7

K,1, 0.0,00,0.0
8.0,0.0,0.0

8.0, 3+DV01,0.0
2.4+DV02, 3+DV01,0.0
2.4+DV02, 5.0, 0.0
1.5+DV03, 5.0, 0.0
0.0, 3+DV01,0.0

~NoO U WN

ARARRXARX

I'NATIVE ANSYS INPUT FILE
!

ek

I DESIGN PARAMETERS
1X1=3

1X3=0.9

1X4=1.5

R=0.5

!
!

i OTHER PARAMETERS
FX01=6.0
MESHSIZE01=0.2

!

/PREP7

1

ET,1,45

ET,2,42

MP,EX,1,2000
MP,NUXY,1,0.394
MPDATA,DENS,1,,1000
1
1

! CREATE KEYPOINT
K,1, 0.0,0.0,0.0
K,2, 80,0000
K,3, 80, X1,00
K, 4, X2, X1,0.0
K, 5, X2,5.0,0.0
K, 6, X2-X3,5.0,0.0
IK,7, 0.0, X1,00
1

I CREATE 7 LINE
LSTR,1,2
LSTR,2,3
LSTR,3,4
LSTR,4,5
LSTR,5,6
LSTR,6,7
LSTR,7,1
1
1

| CLEAR FILLET
LFILLT 34, R,

!
1

| CREATE AREA
AL,1,2,3:84,5,6,7
1




! CREAT VOLUME
VEXT,1,,,0,0,1.5+DV04
!
!
I ASK ANSYS TO CALCULATE AREA/VOLUME
VSUM

ASUM

!

I GET VOLUME OF VOLUME 1
*GET,vOLU01,vOLU,1,VOLU

!
!
! DEFINE FIXITY ON AREA 4
DA,4,ALL,0.0,1.0

!

! DEFINE FORCE ON AREA 7
!

I--- GET AREA
*GET,AREA07,AREA,7,AREA
!

! --- CALCULATE PRESSURE
PX01=FX01/AREAQ7

!

!

SFA,7,,PRES,PX01

1

JPSF PRES,2
!

1
|
| MESH
1
!
! MESH SIZE
LESIZE,ALL,MESHSIZEO1
MOPT,QMESH,ALTERNATE
1

!
I MESH AREA 1 AND VOLUME 1
MSHKEP,0

MSHAPE,0,2D

!

AMESH,1

VSWEEP,1

|

ACLEAR,l
!
!
! SOLVE NOW
/SOLU

SOLVE

1

1
!
I GET RESULT

/POST1

SET

PLNSOL,S,EQV
NSORT,S,EQV
*GET,STRSSEQV,SORT, MAX
1

i SAVE ALL THE PARAMETERS
SAVE
PARSAV,ALL,examp003_par01,txt
!

FINI

EXIT
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44 % g i e £ 55 d ANSYS | 7% %

SmartDo_idflt =1

ELEMENTS

JUN 18 zZ007

E 20:35:57

HFOR
RFOR

PREZ-NORHM
1.333

1 4.2 s%wfd HoR
NS 1806 |

1
MODAL SCOLUTICH AN
T renies
SUB =1 ) )
TINE=1
SEQV (AVE)
DME =.202665
SMN =.033933
SME =31.697
.033933 7.07 14.107 21.143 28.179
3.552 10.588 17.625 24, 661 31. 697

] 4.3 SmartDo idflt = 1 Stress %z ]



SmartDo_idflt =15

1
ELEMENTS AN
3 JUN 19 2007
b - 14:13:13
RFOR
PRES-NORI
4.108
Bl 4.4S ad -t F
. g
1
NODAL SOLUTICH AN
STEP=1 JUN 28 2007
19:46:14
SUB =1
TIME=1
SEQV [(AVG)
DHX =.197695

SMN =.025634
SHE =31.185

3.488 i0.412 17.337 Z4.261

025634 6. 53 13.874 Z0.759% Z7.723

31.185

%] 4.5 SmartDo idflt = 15 Stress fi-#z B




SmartDo _idflt = 16

T

ELEMENT3 AN
JUN 19 2007

= 14:22:27

NFOR

RFOR

PREZ-NORM

4.113

1

NODAL SOLUTTON AN
JUN 28 2007

ETEP=1 20:47:05

SUB =1

TIME=1

SEQV {AVG)

DHX =.198534

SMN =.040413

SHX =31.48

.040413 7.027 14.014 27.987
3.534 10.52 17.507 24,493 21.48

] 4.7 SmartDo idflt = 16 Stress fi#z B




7 ~ Deliverable
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= ~ Result and Discussion

6.1 SmartDo 14 4735 P

k & % 2 494245 SmartDo 4258 > £ % 7 5 RCFDM $./2 » 44

SmartDo_idflt e 45 3% % 4 B iF 1+ 15~ 4 16 = f64 1775 i %48 & f2

HRER R RS B SLOR LR NLILE Sl SRR L SR
DVO1 DV02 DVO03 DV04 | Stress | Volume chr'(‘)jome
smartdo_idflt=1 | -0.212996 |-0.0628587 | 0.0590736 | -0.704846 | 31.70 | 2051 | -50.01%
smartdo_idflt=15 | -0.237436 |-0.0925556 | 0.0586487 | -0.685676 | 31.19 | 2152 | -47.55%
smartdo_idflt=16 | -0.235020 |-0.0752481 | 0.0339853 | -0.665615 | 31.48 | 21.41 | -47.83%

+ -
=~ =

S AR R P B R R

6.2 SmartDo s fz 3L p

b b2 B TR YRS NAE AR LN TR e T

smartdo_idflt=1

: Traditional Feasible Direction Method

smartdo_idflt=15 : Recursive Conjugate Feasible Direction Method. This

is a combination of CFDM and RFDM. When the characteristics of the

problem is unknown, this solver is able to decide the best solver and option

to use.

smartdo_idflt=16 : Recursive Conjugate Feasible Direction Method . This is

the higher order version of RCFDM.

% SmartDo #ic 48 ° ¥ iE 38 Kk %% smartdo_idflt=1 pF > #rgr * cq

I
B
e
el

r}
It
o

O

m

pu

7> w2 (MFD) ;

Bk O 5 X B T % Bl

17
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2100) 3og xtdeD o et 55 Spls 1o v EE© D F
v e dRiwi s s o mE S S e B L REPT - 2
REEXED G R RBIFE S R NER IR A LS BT
> w % > smartdo_idflt=15 ~ 16 ﬁ}u{%ﬂ AT EI e AL EEH
CFDM % RFDM = & > %# MFD 2 CFDM 1% § 4o 6.1 77
P NG 0 T 4] 4e§] 6.2 477 MFD 40F & % b1 2

4o 6.3 “7 CFDM H0F o 56 5 & B 5 6] 5 4c 12 B 200 JePim o

Iteration 3
Iteration 2 : Iteration 2
lteration 1
MFD
—> -_—
Iteration 1

@ 6.1 ~ MFD 22 CFDM #% = =t i)

18



-60

-40 -20 0 20

B 6.3 - CFDM 03 = & - 6

19

40

—G2
—G2
F(1.0)
F(1.0)
-~ F(1.5)
- F(1.5)
-~ F(2.5)
--- F(4.5)
---- F(90)
—— XHist 1

—qg1
—G2
—G2
F(1.0)
F(1.0)
- F(1.5)
- F(1.5)
- F(2.5)
--- F(4.5)
---- F(90)
—— XHist 2




6.3 SmartDo =& & 2475 %

#-r2 SmartDO 3+ & «h= &= ;% @ smartdo_idflt=1~ 15+ 16 4p 5 2 ¥
g acs v 42 (T Timestovolume ; And "TimestoVmax; ) » 14

BT % 7 4 Bl4e® 6.4~ B 6.5 B 6.6 “77 o

smartdo_idflt=1
50 0.1
45 r = == 10

’fs_\\ / N \‘
volume 35 -0.2 Vmax
30 1 -0.3
25 ’ \, -0.4
20 SE— -0.5
01 23 456 718 91011121314 15
Times
volume = =vmax

Bl 6.4 smartdo_idflt=1 volume and vmax =z acd 5

20



volue

N

21

smartdo 1dflt=15

e\ N
J\, Yo ¥
{
A

1 59 131721252933374145495357

Times

— volume = ~ Vmax

0.05

003

0.01
Vimax

-0.01

003

0.05

B 6.5 smartdo_idflt=15 " volume and vmax sz ard 42

volumre

B 8 & 8

S

smartdo_idflt=16

[

Times

— volure — -~ Vmax

0.1

01
-0.2 Vmax
03
04
05

Bl 6.6 smartdo_idflt=16 volume and vmax sz acd 42

21




6.4 SmartDo . & 2134

Fod = fBiEE 3472 500 o Ay 7 smartdo_idflt=1 if & pF > 7@
5 enié * 1 pF Y time=0.5hr > B4 0 v 5 50.01% ; H =t
smartdo_idflt=15 % i p¥ > #7iF ¥ i@ * 1 pF X time=1.5hr - #8455 v
F 4 4755% ; & B2 smartdo idflt=16 15 i pF > #riEE i@ ¥ 1 pEY
time=1.6hr > 8 A1 >0 F %) 47.83% o

smartdo_idflt=15i% i+ pF » & < & 4 5 3119/t LF g+ 317 -
smartdo_idflt=16#% i+ p¥ » & % i # 53148/ > nLF g4 31.7 - o 3t »

Smartdoif & % (& € # B 4 chE > 5 L Smartdo x® > X € B »

CFDM_OPTM.OUT*¥ - fe it s & Smartdod 14 — & & » & 38
oo ¥ an-13t B prenfE 4 L G enfd e & £ 0 Smartdo» ¥ € 5 B A

B f2 > bl4ed 3l % B 5 5 Smartdo € 4= n-1dp e & diw ki b
%z -

Hp % &g2 > 2 L 0 CFDM_OPTM.OUT# «Hoptimal design - copy
Flexamp003.tcl i+ % initial design - 2% {¢ » #.Smartdo™
% source examp003.tcl
% smartdo exeopt runone
B s > F ansys#H 78 Y o

SWBEAPTEE T JED E DAL R TR R L OP
he L gd AP 2idm A2 07 BREH
1 A4k & P m o MR ErfrngEimy o
2. FirA AL R kB ANHRE AL o

3. FAHT R ERIRE hp ho

22



v 2

4. R B R R e
5. 2 smartdo_idflt=1 = ;2 ¥~ 47 5 B E L iE i+ o

6.5 Future work
P g TR AR MR ekl Tl A RE P B4R fe 2

T pE % = SmartDOE & - 7 vk #8423k 3 % #ic (Design Variables) - &
- WA ShY B }g‘fiaﬁg\g%*‘&‘fim@m"’/ﬁ‘“ S 4 A R 4
BT RIS AEE S T D BT YR o B

KPP RBELFEE Y RET (Fans o

B
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