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CATAPULT SYSTEM TUTORIAL(AUTODESIGN)

HIE Sample B LA

Model Description

SR ARG BTt ) AL

BEUE H br 2 S R el ek, AN RENE . XA A
LB HESE s DR Bh A& 0 b 2 A7 W 7 M 2, 32Xt 5 sl 2 i AR Y
BRHRE . IXNRBIFRY, AutoDesign A& 3045 R G0 A IAN 4 1%

Sample_B .
RHE R B H PR ALER, 55 SCEE AN B IR E AR R T
FERIRIE 2
VE:

7 RecurDyn V8 1, RfFE%: H 4% IF (Intel Fortran) 11.0. Kk, fRfbss Rl fe5ERAE 25,
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Sample

SSRGS

B B-1 Jyith B s 2%, AR AR B RIOER . S O SR I e S, AT AT
THURALE A BRI T B R i, ATAHESR A 4 o F] F b e R I B 2,
A ERAML BERIAE H b, 302 LUIER I Ay HE N I8 15 P 7

AR PR ALY O 5E BT B L AE S AR, (HIEABEH T A%
RE R R A 5 2T dn ] v AT DU e pe Ak

Open files related in Sample-B

Sample

<Install Dir>\Help\Tutorial\AutoDesign\CatapultSystem\Examples\
Sample_B.rdyn

Solution

<Install Dir>\Help\Tutorial\AutoDesign\CatapultSystem\Solutions\
Sample_B.rdyn

H: AR EAT O AR, IR S AT EUSCEEAR A 5 5E [ 301 A

Figure B-1 I RR
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Chapter
NS | === I — —
BRI E DA
DREREAAR Y, W B
XXI:-E‘%EJ:E/‘] Recul'Dyn IEH;E_:" New Model
JA 3] RecurDyn, 3 Start RecurDyn X1 :m: ::LijL‘MMimwmmmms,mm |-: s )
HE o gty [ ] [ setno |
2. K] Start RecurDyn XG5 HE. i FHILA 1) —
P
ETHF, & Open TH, HES
Tutorial AH[F I HRKT, &FF
‘Sample_B. rdyn’ o
B Gt B BT 1. F—

ERIGPE RGN PR e 8 A B LAL A R, B B AR Z I8 132l 4RI
B4k, Inplane iEzhEIHIKHFRERTE Z J7IAIR)IE3), (A REAE T Eigzh. t
TR IER TR AR AL, XA RUNS SR ZEATT# . AR 32 BT RRAE
X AY TR HIE3) .
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Chapter

RITE=

B AR R AR T, & B-2-1 BRI R B

KB-2-1 R E

HITFERT A0 B 58 SONRRERT ST I IR A, HE mONJE SO AT A1 AR
RIS, R SRS, T AR BT SRR A AR .

SER B 22 v T A DR B L IR SO BE B, RN AN IE R (RIS MG
SCRBIEEED B/

R

N TR o] SR BT AR R R BRI P . AR, Wit AR E S S R ORI,
Rk, sebs bR USRS HE.

R

1. 1F Database % 1, Xii& B-2. 1-1 fi7nH] ParametricValues | HfF =1 .
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Parametric Value List

Parametric Values

Mo | DP MName Value Comment z
1 ||w | PV_frontlinkLength 230, E
2 v PV_springCoefficient 6.5 E
3 v  PV_frontlinkAngle _25. E
4 ||w PV_springMountHeight 0.5 E

| add | | insert | | Detete | | Export | | import | | checkan | [ with Relation

| Ok | | Cancel | | Apply

KIB-2.1-1 ZHEVIE
BB T PV_frontLinkAngle 553 (118, F 5 2 v-40.
Rl OK, VRW] LA B3 L6 2 25 G o] 5 1 7 55 25 B A S PR 44

#iiF Dynamic/Kinematic %4l .
i Simulate
M EAFIER, ST Play, HEESR.

HE FIAPE, £ THMEERN, HARP PV_frontLinkAngle =Rl
PV _springMountHeight {205 .

* -40 < PV_frontLinkAngle < -10
* 0.4 < PV_springMountHeight < 0.6

MR RMEET ST B B2, 12 B B2 1-5 27 B AR 2 L
FIRAOUI 0 45 R
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KB-2.1-2
HIEM M= -10, #EERLHE S E= 048070 HrEh R

KIB-2.1-3
ANEF M= -10, BEZESE= 0.6 Hrds R

EB-2.1-4
HNEM = -40, #HEZESE= 040045 R
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EIB-2.1-5
HEM = -40, MEZESE= 0000 Hrg R

8. MRMWIFLIEE, FEFITIREAE AT, RS AUE FH i BV E
(PV_frontLinkAngle = —25, PV_springMountHeight = 0.5) .

EMFITEE
DU B

1. {f AutoDesign 5., riili DesignParameter. <>3flH U1 R Fr7R (T
DesignParameterList X 1 fE o

Design Parameter List
Design Parameter
W | Mame | Type | Prop. | Descripti.. | Curr..| LB UB | Design Cost... | DP Form | DV z
A
v
A4
-
Create | | Inset | |Direct Relation [+]| [ Delete
| ok || cancet || appiy

2. siii Create, GUEHTHIRITSHL.

3. {EifH [ DirectRelation X1HHE, 54 DP1 7y % 4 DP_frontLinkAngle.

10
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4. i Pv, P ParametricValueList X[ i5HE. &+ PV_frontLinkAngle 4 {H M it

DN

RATEMA T EHE, MiZEstRa NS, T EPR.

Parametric Value List

Parametric Values

Mo | DP Mame Walue Comment
PV_frontLinkLength | 280.

| 4

PV_springCoefficient 6.5

1 ||v
2 ||
- A
A I

| Add | | Insert | | Delete | | Export | | Import| |CheckAII | Dwi'th Relation

| oK || Cancel || Apply

5. milf OK, EHFEFANBITFZEL.

6. iZ[A13| Direct Relation XfiF#E, E X ERFA TR (-40, -10) . 7E Description I,
i “Frontlink angle” . 58fJa, XFIHHEW T EFR.

Direct Relation

Mame |DP_fror1tLir1kAngIe |

Parametric Value PY_frontLinkAr IEI
Curent vaue RN

Lower Bound | 40,

Upper Bound | -10.

|
|
Description | Front link anale |
|

DP Form |Va|ue |v

| OK | | Cancel |

7. i OK, iR [A|#] Design Parameter List XJ & E .

11
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8. QUSRI SH, AR, MW
MRE: . .
Direct Relation
* Name: DP_springMountHeight Name
. . . Farametric Value E
= ParametricValue: PV_springMountHeight I B x]
* LowerBound: 0.4 Lower Bound
= UpperBound: 0.6 "
Description | Spring mount height |
* Description: Spring mount height DP Form vawe  |+]
OK | | Cancel |
9. j&[8| %] Design Parameter List X 1f#E, £ DV §I| &)k WIS KA 5248,
WERWITEE, 4 H T DesignStudy fil Design Optimizations. 5¢%J5, Design
Parameter List X[ HHEWT T EIFR.
YE: middi Prop B NEAHL, IR BN BT S

Design Parameter List
Design Parameter

L. Mame| Type | Prop. | Descripti... |Curr...| LB ‘ UB |Design Cust...|DP Fu-lm| Dv I

1 |PPf- | Direct Front link... | -25. | -40. | -10. 0. value ([v*]

2 PP | Direct || spring m... | 05 | 04 [ 06 0. Value |[#

y
Create | | Insert | |Direct Relation |v| Delete
| OK || Cancel || Apply

10. i OK, X[ Design Parameter List X 1FAE

12
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Chapter

I'_E )\{ Performance Indexes

Performance Indexes 3% Y SEI H AR IF AR E . A, Performance
Indexes JEEREE A MR 22 L BT HARREE . A TR R, HishE
W s

ERIOALE AR AN T AR S bR R IR . ABker T 48m, WE Y J5 A REk
S, PALEA BRI A LR ZE . Y J5 A A /N R I iR 22/ . ke if H bn i i
Wk B-3-1 o, WAL Y J7 [AERAT H A5 2 T8 R 8 R Al BBk I 7 B IR ZE

Target
Reference
Frame

y_distance
Positional

Error

_wvelodty
Angular !
Error g,

|'\-;-/J .

B-3-1 itk il Performance indexes

13
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A, %5 3 4> Performance Index fajith
HCAERE H bR Bl B 2
Target .
1XA™ performance indexes 1] 57 & Al B A~ & - K\
B E A, (B SR 2 5 ) HUE e S .
BUREE /N —A

@4t Analysis Response:

1. {f AutoDesign ¢ 5. K, r£iili Analysis Response. 3] Design Parameter List
XHUEAE, Wk P

Analysis Response List
Analysis Response
Mo MName Type Pr... Description Treatment | FI :
A
v
v
-_—
Create || Insert | Basic - Delete
| ok || cancel || appy

2. fiii Create, fE¥711) Analysis Response.

3. {EifH ) Analysis Response — Basic XIHHE, ¥ AR1 [ 44 5 BN
AR_yVelocityError_t.

4. fiii EL, # 4 Expression List XfiGHE. B e, £
Ex_yVelocityError_t £iAHX . HIFf5, mrinu FER.

14



Expression List

Expressions

O

A % ¥ #E (AUTODESIGN)

Expression

Comment

IF(DX(1,2,2:V¥(1,2,2),V¥(1,2,2),... E

IF(DX(1,2,21:DY(1,2,2),D¥(1,2,2),.. E

3 Ex_positionError

DM(1,2)

E

Insert

5. miidr OK, JEFEHMFREN.

i[9 2| Analysis Response — Basic SHEHE, %T Treatment, fE P> dhik+£%

End Value, fEfiiAIgH, HIAFKIE ( “Vertical velocity error of ball w. . t.
target. 7 ) o FERE, XEHERRUN TR

Mame
Result Qutput
Treatment

Description

Analysis Response - Basic

|AR_y‘u"eIoci‘tyErro r_t

| Ex_yVelocityError_t

[et]

|End Yalue

|v|

|Vertica| velacity error of ball w|

oK

| | Cancel

7. i OK.

T

R Prop. FI N %4, IR [FIFIZW%E Analysis Responses

8. FHNTHHIE AP Analysis Response:

Name AR_yPositionError_t AR_positionError
Result Output Ex_yPositionError_t Ex_positionError
Treatment End Value Min Value

15
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Description Vertical position error w.r.t. target. Positional error (magnitude).

The treatment parameter F A% fill 4 a] J\— 4B B (0] 2544 1 h 28 He BCBUE . 1
i, ¥ Treatment W & N EndValue, IAHGTEME R RALER, MK EN Min
Value 1|73 FC 477 Bk R A il 28 Bk 21 10 B /ME.

Analysis Response - Basic Analysis Response - Basic

MName |AR_yPositior1Error_t | Mame |AR_pcusitinnErrnr |
Result Qutput |Ex_yPnsitinr1Errnr_t || EL | Result Output |Ex_pcusitinr1Errnr || EL |
Treatment |Er1d Value |V| Treatment |Mir1 Walue |v|
Description |‘u’ertica| position error w.r.t. ta| Description |Pcusiticuna| error (magnitude), |

| OK | | Cancel | | OK | | Cancel |

9. iR [A|F] AnalysisResponseList % 1, )ik PI 51, S5NINIGIZER) Analysis
Response FHXS B ) B EME . WOE T AIEN PerformanceIlndexes, F T 15116 70l
wittetlh. sERlE AnalysisResponseList B OMNUE B-3-2 Fins.

Analysis Response List
Analysis Response
Mo MName | Type | Pr... | Description Treatment | Pl :
1 |ARyVeloc. Basic I Vertical velocity error of ball .. | End Value IU'_
2 |AR_yPasit.. Basic I Vertical position errorw.rt. t... | End Value IV_
3 |AR_positi... Basic I Positional error (magnitude). | Min Value IV_ ‘
y
Create | | Insert | Easic - Delete
| OK | | Cancel | | Apply

B-3-2 Analysis response %1%
10. fiii OK, X[ Analysis Response List XJ G HE o

1. PRAFAEAL,

16
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Chapter

A

ELEGIESES

BEATORALRY . FTRLE SCHARAIZIR, K51 SO A 2 U AR R T 5. ik
BB B B /N B A KAL performance indexes B, WIKH Hir. #AH 3 4 performan
ce indexes, A —MEH Hbrf/ME. WILEEA, ArEed 24 Hir. MRAEHLEZE
P, MR B ECA R, J3— 5, ORIEDT RAEh, 22t 2 5 2 2R
I, @R AL

PR, B5E Y 7 HPEERZE/NT 5mm/s, 80#F Y 7L B iRZENT
Smmo. MIRAETT RIVAERE, XEAENZZET 0. 8, HUE DM kL B
BRI IR . PRIIL, X ERR 1 A9 B0 58 4 R T BB SR AR 48 HORE L

17
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AutoDesign BRI R

2 AutoDesign BTG, JoR TR (DOE) o fERX AR, 7Eke
RAERAE LA R, S ERITRBMARAGE, HEPATES uﬁ XL ST
B ) £ T R RO

HK, AutoDesign V. MNH FiRESLE D
P, FROTEA. AT, Au
toDesign FERBERMRTT R, ekt
AR R A, WP A
BEATRER AT o W0 ST B v e 2 U
SIHEN, g 7 a8 AT RN 1 SRR
[l DOE %+, JFFEMIuRM. Ra, L
P 2R DB B TR R A B DAL )
Kb A AT B A ST Ik &
Rt B, IR AL
Mo MARALIEFEFR N Sequential Approxi
mate Optimization with Meta—Models
(SAOM) . X REEFEMEZER, WS
% AutoDesign it Fiif

Design Space

Design

Design Variable

BT
FEATHRALHY F AR IMRL B 829, WA Y O BN B %

ATt

1. fE AutoDesign SKH. T, £+ Design Optimization. Design Variable Xf i HE 41 T
B

Design Optimization

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

DV DP Description Current LB UE Type | Value
1 DP_frontlinkAngle Front link angle -25. -40. =10, Variable j 0.
2 DP_springMount... | Spring mount hei... 0.5 0.4 0.e Variable j 0.

2. Hil Performance Index F1%%.

3. MR, EHARREL

18
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Performance Index Definition Goal Weight/Limit Value
AR_yVelocityError_t Constraint EQ 0
AR _yPositionError_t Constraint EQ 0
AR_positionError Objective MIN 1

SERESUR, REHELT R Bros .

Design Optimization

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

Pl Use | AR | Description | Definition | Goal | Weight/Limit Value
1 IF AR .. j Vertical velaocity erro... Constraint j EQ j Q.
2 IF AR_y... j Vertical position err... Constraint j EQ j 0.
3 |7 AR_p.. j Pasitional error (ma... Objective j BN j 1.

XH, ESORZER EAMEN 0. R, ERBR/MIEIRE.

4. il Optimization Control #7125,

5. HIRE, METERInTN. e 4 =A@, B2 S AR AR2. E
X EATN Equality Constraints, WEIWSIAEZEN 5. 0. X PR G|5E 2T 3h& 7
Pras R

Design Optimization

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

DOE Meta Modeling Methads [ Methods |
—Convergence Tolerance
Objective Change Rate in Consecutive lterations m |
Equality Canstraints |5. |
Inequality Constraints |1.e-ﬂ2 |
Maximum Iteration of SAD [30. |
Convergence Relaxation Control |DFF |v|
Simulation Type |Dynamichinematic |'|
DSa\re Results | new_out, | Mumber of Trials

6. Riil7 Analysis Setting {241 &7 analysis setting. NUC/NEEEZE, HINFER
RIS TRD . An AR EE I RAL A o R R, o b 2. st fife
ARG, AR INIAME, SRR AR B

19
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Dynamic/Kinematic Analysis X
General | Parameter | Initial Condition |
End Time | "El
Step [3300. [ev]
Plot Multiplier Step Factor . [[pv]
[ output File Name |sample_B_DO |
rIncude
[] static Analysis
[]Eigenvalue Analysis
[] state Matrix
|:| Frequency Response Analysis
|:| Hide RecurDyn during Simulation
Display Animation
Gravity
x [o. | v [-0s0665 | z |o. | [Gravity]
Unit | Newton - Kilogram - Millimeter - Second |
| K | | Cancel |
7. riii Execution %4, 1247 WIWI5E M & AL .
A LAE 240 Fos L 2 1.
i OK, HEATHAL
Execution
— Summary for Execution
Design Variables

Mo DV Description Current LB [1]:3 Type Value

1 DP_frao... Front link angle -25, 40, -10. Variable 0.

2 |DP_spr..| Spring mount height 0.5 0.4 0.6 Variable 0.

Performance Indexes

Meta - Model

Mo AR Description Definition Goal Weight/Limit Value
1 AR_yVelocityError_t Vertical velocity error of ball... Constraint EQ 0.
2 AR_yPositionError_t Vertical position error w.r.t.... Constraint EQ 0.
3 AR_positionError Positional error (magnitude]. Objective MIN 1.

Initial DOE Method

Incomplete Small Composite Design -2

Meta-Model Method

Radial Basis Functions Model(Multi-Quadratic)

Palynominal Type

Auto

Trial Mo

5

OK

| | Cancel

20
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8. TESEHML)E, BERIMEAHKIZER, Fiidi Result Sheet /355 LALLM
Performance indexes, WIXTEHETEBAT /8. ] UG B % o 1 BLIE S R 2% 2
0.0129mm/s, )5 M EAL B % % 2-0.397mm, JFH& G EIRZERE 0.845mm.
AT 8 MEAD E I S BIX Le 45 K

Design Optimization

|Design Variable | Performance Index | Optimization Cantrol | Result Sheet | summary Sheet |

Optimization History of AR Values

Mo AR_yVelocityError_t | AR_yPositionError_t | AR_positionError | Violation |Z|
4 -1.28771459030463e-002 -0.397428413747284 0.245451182424063 0.
5 0.289354282243074 0.760236314260343 1.11120169293851 0.
& -1.28771459030463e-002 -0.397428413747284 0.845451182424063 0.
7 -1.28771459030463e-002 0.397428413747284 0.845451132424063 0.

F k(DR EPSF ¥ @EE & e

2000. 00 —.\

1500, 00 - \

. 1000.00 - 4 Mormalized Object

\ @ Maximum Violation
S00,00 -

oK | | Cancel | | Apply

9. summary sheet 78 | WIT A EM & R GH. £ SAOs Bk, FE initial
DOE )4t S k2 12.

21
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Chapter

ERCREL B

AT BB, 56 B A LA BT AR R A
SR A LA B AR AR

1. ff AutoDesign . T, 1% Summary Sheet, W~ KR

Design Optimization

| Design variable | F e Index | Optimization Control | Result Sheet | Summary Sheet |

Design Variables

Mo Mame | Description | Optimum | Current | LB (0]:3
1 DP_frontlinkAngle Front link angle -20.295035242... -25, 40, -10.
2 DP_springMountH... |Spring mount height MRS T4869078Y... 0.5 0.4 0.6

Analysis Responses

Mo Mame Description Optimum

1 AR_yVelocityError_t Vertical velocity error of ball w.rt. ta.. -1.28771459030463e-002
2 AR_yPositionError_t Vertical position error w.r.t. target. -0.3974284137472584
3 AR_positionError Paositional error [magnitude). 0.,545451182424063

Performance Indexes

Mo AR Description Definition Goal Weight/Limit Value
1 AR_yVelocityError_t Vertical velocity error of ball ... Constraint EQ 0.
2 AR_yPaositionError_t Vertical position error w.r.t. .. Constraint EQ 0.
3 AR_positionError Paositional error [magnitude], Objective MIN 1.

~SAQ

Initial OE Method | Incomplete Small Composite Design -2

Meta - Model |Radia| Basis Functions Model{Multi-Quadratic) | Polynominal Type | Auto |
Initial Sample Runs 7(2) Total Evaluations | 10 |
Optimal Design |E:\Test\PT\\-'BR1\TutoriaI\AutoDesign\AutoDesign_B\SoIutions\SampIe_B_O1\SampIe_B_DO_OO4 |
Create Mew Optimum Model | | Apply to Current Model | | Open Summary file |
| oK | | Cancel | | Apply |

2. riii Create new Optimum Model £IEME, W1 FEfR.
3. WEB M4 N Sample_B_Opt.

4. 5i5 Confirm.

22
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AR SH O GEILIEFE SubEntity [1) Parametric Value, #HIZ % 1)

5. {f Database % [1, Contacts I, 7£7% il SphereToSurface_ballToTarget, A4
1% Inactive JE T,

6. 7 Analysis Fr%5 T[] Dynamic/Kinematic Analysis K47,

7. Azi%E Output File Name

8. siily Simulate, i &5 RN, i Play.
RS IENER, T ER.
IAE T SN T IR B AR

NP, BB
1 PHAERRS B A f Rl .
2. WS HUE T SUNVIMGIE
= PV_frontLinkAngle = —25
= PV_springMountHeight = 0.5

3. DRAFRRAL,

B SR E !

23
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