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e SHes AHEAs 27| #2282 =0 s LSUL of 2Xe 27712 2A¥sE
IR Ao, M2 HEEE Q2 U X7 #2320l 7t ZAE AL, 2 742 F5A
Mefz=a2 =7|0f =3Es ddS YXI5H| 28 2o,

1. Performance Index ®2 283t =, 99 XXzt A2, of2iet Z0| FolgtL|C},

Design Optimization

Design Variable | Performance Index | Optimization Control | Result Sheet | Summary Sheet |

Pl Use | AR | Description | Definition | Goal | Weight/Limit Value
1 |7 AR1 j YAW_DEVIATION Objective j MM j Zr

2 |7 AR2 j ROLL_DEVIATION Objective j MIM j s

3 |7 AR1 j YA _DEVIATION Constraint j LE j 0.67

4 |7 ARZ - ROLL_DEVIATION Constraint j LE hd 212

2. Optimization Control &2 Z&/gL|C} 7|2 50| AYH o= AEELICH Execution

HES SELUCH

Design Optimization

|Desigr1 Variable | Performance Index | Optimization Control | Result Sheet | Summary Sheetl

DOE Meta Modeling Methods | Methods
— Convergence Tolerance

Objective Change Rate in Consecutive Iterations |m |
Equality Constraints |1.e403 |
Inequality Constraints |1.e403 |
Maximum fteration of SA0 [30. |
Convergence Relaxation Control |0FF |v|
Simulation Type |Dynamicjl(inematic |'|
Sa\te Results | All_Variables\, | Mumber of Trials

Analysis Setting | | Execution

OK | | Cancel Apply
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Woj et HEE HOIFY 22stof Z%2} 1
FgstLct

Execution

— Summary for Execution

Dresign Variables

Mo oV Description Current LB UE Type Value ﬂ
1 DP1 A X 5 5 5 Variable . £
2 DP2 ALY 425 415 435 Variable 0.

3 DP3 AZ -129, -139. -119, Variable 0.

4 DP4 B_X - 14, 6 Variable 0.

5 DPS B_Y 736, 726, 746, Variable 0. |E|

Mo AR Description Definition Goal Weight/Limit Value
1 AR1 YAW_DEVIATION Objective KM 2,
2 AR2 ROLL_DEVIATION Objective KIN 1,
3 AR1 YAW_DEVIATION Constraint LE 0.67
4 AR2 ROLL_DEVIATION Constraint LE 2,12

Meta - Model
Initial DQE Method Incomplete Small Composite Design -2
Meta-Model Method Radial Basis Functions Model(Multi-CQuadratic)
Polynominal Type Auto
Trial Mo 33

| oK | | Cancel |

Z| X3t 20| 22 E|H, Result Sheet H0| AtZ2 2 HOFL|C XX} -2 4 H
=0 s=#@ELCt a2, AutoDesign 2 x£7| E2™ S0 Cigt 33 #o| #ME Z&stof
37 2ol dfjdez 27 74| 245 7HX|LL Suspension A|AE ZHEAE S A5t
OFX|2H HAlE= Yaw O] HALE 0.3%, Roll o] HAIE 33.7% *Asiet = s AR1=
AR2=1.405 & NA|gLICH.
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Optimization History of AR Values

No AR1 |

Violation

1
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@ Maximum Violation

20.00

> 15.00- \
10.00 \
5.00 \

SAQ Tteration

2

| 0K I Cancel |

Performance Indexes

Apply
Summary Sheet
Design Optimization
| Design variable | F e Index | O Control | Result Sheet | Summary Sheet |
Design Variables
Mo Mame | Description | Optimum Current | LB UB H
1 DP1 AX 5, . 15, 5 =
2 DpP2 ALY 415, 425, 415 435,
3 DP3 AT -139, -129, -139 -119, |z|
Analysis Responses
Mo Mame Description Optimum
1 AR1 YAW_DEVIATION 0.667637053194471
2 AR2 ROLL_DEVIATION 1.40559313958494

Mo AR Description Definition Goal Weight/Limit Value

1 AR1 YAW_DEVIATION Objective MIN 2

2 AR2 ROLL_DEVIATION Objective MIN 1.

3 AR1 YAW_DEVIATION Constraint LE 0.67

4 AR2 ROLL DEVIATION Constraint LE 212 E
~SAC

Initial DOE Method
Meta - Model
Initial Sample Runs

Optimal Design

| Incomplete Small Compaosite Design -2

|Radia| Basis Functions Model{Multi-Quadratic) | Polynominal Type |

37

| ENSVINVGT\Trunk\AddFile\Tutorial\AutoDesign\SuspensionSystem\All_Variables\_DO_004

|
Auto |
|
|

Create Mew Optimum Model | |

Apply to Current Model |

| Open Summary file |

OK

|| Cancel || Apply
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TE5ta, 7| HE2S T DY A2 Mo BA LT}, Crg D250 Etd2 ZH9|
AU LT,
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~— F1{Ex2) - ExRq1 - Initial— F1(Ex2) - ExRq1 - Opt ~— F2(Ex3) - ExRq1 - Initial— F2{Ex3) - ExRq1 - Opt
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-0.20 - // ™ 1.00 -
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H H EHS M K= S M o] ol
2. Design Variable ®S Z&|510] 27 B 258 2QIgLCH 24 B0 =7t 27 L O
AI AE = Ol Al = kel
go| =5 F0[7| T|°H 2-Level Orthogonal Array £ MEigtL|Ct, 3-Level Orthogonal
= EHS Al
Array & 1E{5IH d¥o| = 81 0| gL L,
Design Study
Design Variable | Performance Index | Simulation Control I Effect Analysis I Screening Variables I Correlation Analysis |
Method |2-Leve\ COrthogonal Array |V|
Extended Plackett-Burman
Full Factorial Design n .
2y Three-level Orthogonal Array ‘ Eeic] | Eoaey | Biid] | Lz | HREy | =l
i Level Balanced Descriptive Design 2 -15, 0 0 5.
——

2 Bose's Orthogonal Array 2 415, 0 0 435.

3 DP3 AZ 2 -139, 0 0 -118.

4 DP4 B_X 2 -14, 0 1] 6.

5 DP3 B_Y 2 726. 0 1] 746,

] DPe B_Z 2 -166. 0 0 -146.

7 DP7 G_X 2 287, 0 1] 307, =

8 DPa2 G_Y 2 391, 0 1] 411,

9 DP3 G_Z 2 -126. 1] o -106.

10 DP10 TX 2 155. 0 1] 175.

i DP11 Y 2 325. 0 1] 345,

12 DP12 Tz 2 18. 0 o 38.

13 DP13 H_X 2 120. 0 0 140, L

14 DP14 H_Y 2 680, 0 1] 700.

15 DP15 HZ 2 0. o o 20.

16 DP16 cX 2 205 0 0 40,5

7 DP17 cy 2 585. 0 1] 605.

18 DP18 CZ 2 485, 0 1] 505.

19 DP19 EX 2 -14, 0 0 6. |z|
Mumber of Trials E
[ Set Default |

OO H

27t 20|
2HELICH

Lo—;,

Performance Index &

0l A= AR1 It AR2,

Sample_DO.rdyn 0{|A| Sample_D1.rdyn 2 £ IS

F 7Hel oA 27t 2 LR O & 7R
= CHA|

==

Design Studly

Design Variable

Performance Index | Simulation Control | Effect Analysis I Screening Variables | Correlation Analysis |

Description |
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Simulation Control &2 2Lt 2
Results £ X3t X ECO| 0|E2

Aol #M ZANEZ Nt H Save
EStLIC O2|1 LiA, Execution HHES

Design Study

|Design Variable | Performance Index | Simulation Control | Effect Analysis | Screening Variables | Correlation Analysis |

Simulation Type

Save Results effedt,

Mumber of Trials

Execution

— Summary for Execution
Design Variables

Mo oDV Description | Level | Lower Mid1 Mid2 Upper H
1 DF1 A X 2 5. o 0 5, £
2 | oe2 ALY 2 415, 0 0 435
ENEE Az 2 139, 0 0 119
4 | Dra BN 2 a4, 0 0 6.
5 | DPS BY 2 726. o 0 746. ]
Performance Indexes
Mo AR Drescription
1 ART YAW_DEVIATION
2 ARZ ROLL_DEVIATION

DOE Method
Method 2-Level Orthogonal Array
Trial No 32

oK | | Cancel
SagtL| o,
DE EME0| 225 M Design Study CHO|YZ T BfATF 2RMSHEILICEH O2|D LIA, Effect

Analysis &g 282

A
e

LICt Effect Value 20| U= N3 gAt=S HAct = Draw HES

&0l Effect Analysis 0N Jof B&HE O2i= XEF Lt 20| 2 & JASHC

k13
a3
20

A Effect Analysis: PI1 : AR1(VARVAL(2)-VARVAL(1)) x || A Effect Analysis: PI2 : AR2(VARVAL(2)-VARVAL(1))
& R ko |G & ElE P o F & RE] & e @ (k|G & Rle s F| & RE] & e
Effect Analysis Effect Analysis
1 f- T 1.14
‘ 1.11
1. 1.08
1, 1.08
g W Leve g 1.02 W Leven
!t [ Levez T o0.99 [ Levelz
o.
o.
o.
o.

1234567 8 93101112131415161718192021222324252627

DV

&7

1234567 8 9101112131415161718192021222324252627
oV
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S J§ol J72 PL_1t PL20| Choto] BIZSH MAMSSO| KO|7t Y S HOIFLCY,
UNNOER, QASS 90| AEUN L HASS ML JeiLt, AR HXI7t
@eLICh J24M, AutoDesign & MEst H40) Cfs SAXQI X1%2 M3t

Screening Variables ®S 22/2/L(Ct J2(1 LA, PI &X0|A AR_1 2 ME4SIH,
E0MUA= HEE2 & = USLICH REZO| Xt §E0| 2Fo| ASHL} HF DS
A= YLIC}. Controller £ Cutoff Value 7| 0.3 0| &[= 20| L|C}. J12[11, Screening
DV HES =L

Design Study
Design Variable I Performance Index | Simulation Control ] Effect Analysis | Screening Variables | Correlation Analysis
Pl | AR1(VARVAL(2)-VARVAL(1)) B

Screening Variables

NN

-

:wF.]?

PROBABILITY DENSITY
o »

o

T

.- 1(::11

0.000 : : = : ; L | :

0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800
MAGNITUDE OF SENSITIVITY

r~ Chart Control - ‘
Min {1 Max  Cutoff Value |03 Apply
Show Point Labels

[ Screening DV \ Clear Screened DV \

o|1]2]3]4s[6]7]8]9[10]1]12]13]1a]15]16]17]18]19]20]21]22]23]24]25[26] 27 [N

Number of Screened DV |6

[~ Save Screened DV

(®) Create New Model (O Update Current Model :;7575,‘{57,_‘
oK | Cancel Apply
47t M BOIM Y HES F 1BOE Uil 22% 18S Holgls HaSULIC,
Z, 20X 59| 7tAH0| €2 2XE Cutoff 22 ALE3IH ELICL Screening DV HES
S2gLCt J2|a LA, MEE B52 on 22 EA|ELUCH J2|1, LIHX| HE2 Off 2
HA|E LT

20



a3

Parameter

7.

SUSPENSION SYSTEM TUTORIAL (AUTODESIGN)

O|H#0il= PI &Xt0i|A AR2 £ MEHSIL|CE Cutoff Value £ 0.06 22 47351 2|9 =Y
Wgs ddgtct J2H, 4EE 50| O3t 20| QopE LU

Design Study

Design Variable [ Perf. 1ce Index 1 Simulation Control [ Effect Analysis = Screening Variables | Correlation Analysis

Pl | AR2(VARVAL(2)-VARVAL(1))

Screening Variables

PROBABILITY DENSITY

1.000 ! = { i H $ { ;
ool Lol 1 11| | of op | |
0.000 0.030 0.060 0.090 0.120 0.150 0.180 0.210 0.240 0.270 0.300 0.330 0.360
MAGNITUDE OF SENSITIVITY

- Chart Control

Min

Max  Cutoff Value | 0.06 Apply

Show Point Labels

[ Screening DV I Clear Screened DV

DIJ2]3|4 [6]7]8]|9]t0]1]12][13]1a]15][16]17]18]19]20|21]22]23]24[25]26| 7 I

Number of Screened DV |4

[~ Save Screened DV

(@) Create New Model (O Update Current Model i Save

or [ concel [ apoy

#4~E2 DP3, DP6, DP8, DP10, DP12, DP15, DP17,

J12{™ Create New Model € M350 M2 ZEES W JsFAICH MER ZE Dt
O|2& Sample_D2.rdyn Z HgtL|C},

AutoDesign 070X Design Parameter 2 Z2!2'L|Ct. Sample_D1.rdyn 2
HEN= e, MEE HaST DV 8o HAE0 AFLICE 0|42 DV1=DP3, DV2=DP6,
DVv3=DP8, Dv4=DP10, DV5=DP12, DV6=DP15, DV7=DP17, DV8=DP19, DV9=DP21,
DV10=DP27 O|2t= AS EO|ELICt HRE22| 2dotE HA mi2l0|HEE Z-

ZtEZS YL o
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Design Parameter List

W

Mo | Mame | Type | Prop | Description | Current | LB | 4]=3 | Design Cost Rate DPForm | DV = —-—
1 [DP1 Direct _| A 5. -15. 5 0. value [ A

"5 |DP2 Direct _| ALY 425, | 415, | 435, 0. valwe [

3 |DP3 Direct _| A7 129, | 133, -119, 0. value [

4 |DPa Direct _| B X -, 14, | & 0. value [ A

5 |DPS Direct _| BY 736 | 726 746 0. value [

"6 |DP6 Direct _| BZ 156, | -166. | -146. 0. value | [v

7 |DP7 Direct _| G_X 297, | 287. | 307. 0. value [ v

g |DP8 Direct _| G_Y 401, | 391, 411 0. value | [v

g |DPY Direct _| G.Z 116, | -126.  -106. 0. value [

10 | DP10 Direct _I TX 165, | 155 | 175 0. value | [v

11 |DP11 Direct _| T¥ 335. | 325, | 345, 0. value [ v
1n | DP12 [ | .- o 1a an A | v |E| -

Create | | nset | | Direct Relation [~

8. Design Optimization =2 Z&/5tH, MEE HE52 C30F 20| 20 L|C,
Design Optimization
Design Variable | Performance Index I Optimization Contral I Result Sheet I summary Sheet |
oDV OP | Drescription | Current | LB | UB Type Value
1 DF3 AL -129, -139. -119. Variable k] 0.
2 DPe B Z -156. -166. -146, Variable i 0.
3 Dr3 G_Y 401, 391, 411, Variable ] 0.
4 DP10 X 165, 155. 175. Variable (] 0.
5 DPi2 TZ 28. 18. 38. Variable 12| 0.
& DP15 H_Z 10. 0. 20, Variable 2] 0.
7 DP17 Y 595, 585, 605, Variable j 0.
8 DP9 EX -4, -14, 6. Variable =] 0.
9 DP21 EZ 40, =50, =30, Variable i 0.
10 DP27 R_Z -332, -342, -322, Variable = 0.

Performance Index ®2 S&/¢L|Ct %|&3 342 Sample_D1.rdyn 2| %[E 3} SAIDt
o

€2 AYUChH 28122, Z

4

Design Qptimization

Design Variable | Performance Index | Optimization Control | Result Sheet | Summary Sheet |

Pl Use | AR | Description | Definition | Goal | ‘Weight/Limit Value
1 |7 AR j YAW_DEVIATION Objective j MM j 2,

2 |7 AR2 j ROLL_DEVIATION Ohbjective j MIN j 1.

3 |7 AR j YAW_DEVIATION Caonstraint j LE j 067

4 l7 AR2 j ROLL_DEVIATION Constraint j LE j 212

9. Optimization Control ®2 2= =& StAX|E2 7|2 ¢4==E YLICL Execution 2 &2
ZHE TlbgtLct O 21 ItYS2 Screening EC0| MEELCH
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Design Optimization

|Design Variable I Performance Index | Optimization Control | Result Sheet | Summary Sheet |

DOE Meta Modeling Methods | Methods |

— Convergence Tolerance

Objective Change Rate in Consecutive lterations | 5.e-002 |
Equality Constraints |1.e-003 |
Inequality Constraints |1.e-003 |
Maximum Iteration of SAO |30. |
Convergence Relaxation Control | OFF |v |
Simulation Type |Dynamicil(inematic |v|

[] save Results Screening’, | Mumber of Trials

Analysis Setting | | Execution

Hoi7t &2 E £ Result Sheet &2 228 LICL. AutoDesign 2 1 30| 2 3| HH= &
off AR2 = 0.657 1 2.087 YL|Ct. AR1 1} AR2 = A H=
7
H.

[=3
s
MES HESH| HUAS el B2t Bt t= LtEHHLIC

—
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= Convergence History

Design Optimization

|Design Variable I Performance Index I Optimization Cuntlul| Result Sheet | Summary Sheet |

Optimization History of AR Values

Mo AR | AR2Z | Violation
1 0.577517929544528 2.10263197889386 0.
2 0.561761643634669 2.0972748578171 0.

0.0050 -

0.0040 -

0.0030 -

4 Normalized Object
“@ Maximum Vialation

0.0020 -

.

o

0. 0010 -

0. 0000

SAQ Tteration

| OK || Cancel || Apply

Sotx| ¢2 A

te| Convergence History 2= E2[, £/2| Convergence

|= ZHSEM7L 2N TSR] HEYLICH F XMt

=

O ot

A i+ Y HESHA| Es
87 wiao 4 10 27
X7 522 13 33
SAO Mgo| % 2 4
SEECEE: L 32 -
A =3} BHS 0.657, 2.087 0.656, 1.405
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Thanks for participating in this tutorial!
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