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551 RecurDyn
N3 RecurDyn, BIEEHIEA:
1. AEHE EF RecurDyn Elbr.

RecurDyn J5 3/,
M.

JE#H Start RecurDyn

2. f£ Name #= 7 & & ¥ B % R A
Pinball.

3. ¥ Unit 5B A MMKS.

4. ¥ Gravity ix B N-Y.

5. s OK.

R

/]\

AL RS AIRRC KRS, 8T A A

B EARFIFRIC R

1. 7 View Control T.HF%, #iii Icon Control Efr.

#H Icon Control B .
2. % H Icon Size fll Marker Size N 10,

3. <M Icon Control % 1.

WE MRS A 10

{E Home 13%2[f] Working Plane 217, 4145 B s B %51

RSN 10, F14% Enter 8.
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Start RecurDyn x
New Model
Mame |tha|l ‘
Unit [ MMKs(Millimeter/Kilogram/Newton/Second) [+] [ setting |
Gravity |,v "‘
Open Model
Recent Models H
Icon Control x
 lcon On/Off
=[] All Icons
Joint
Force
Contact
Sensor

Parametric Point
Initial Velocity
[ Wall / Vessel
[=-[~] All Markers
Center Marker
General Marker
Inertia Reference Frame

"
O
Marker Z-Axis Width

Initial Velocity Width

XGridsize |10
¥Gridsize |10

Coordinate |Car |~
Warking Plane
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BIEANIES L]

BB LRHIE J LA
’ 1. N T1EM Ground Body, fE Professional #7325 [1") Maker and Body 27, £ Ground.
#EN Ground Edit #0500 K FTs:

Ground A Ground |
; M T AEHE O A A, A |[Gomderinal | L &, Markers
Ground@Pinball, -y Curves
* Database & I [ 1l_F—T/& Ground.
2. K TAEFHESCN XY Planes
faw

. 1E Geometry b2 Curve 4, riili Outline.
. HALLF Point 1H:
= Pointl: 0, 0, 0

=

N

Dutline

= Point2: 110, 0, 0

@ Translate T
5. A5 )5 i Finish Operation (PSR —I0) , 58 |€b Rotate R
F Outline F{J5E X . X zoom ‘
E- View Center =
6. 'fﬁ)ﬂ u?%&'fﬁﬂ% 3-5 ﬁ%ﬁigﬁﬁf;?ﬁ(. B Select Zoom 5
= Pointl: 120, 30, 0 o F i
View Control 4
= Point2: 120, 60, 0 Rendering Mode ]
Select Box
Select List
= Point1: 140, 30, 0 &l current Directory O

= Point2: 140, 60, 0
= Pointl: 230, 30, 0

* Point2: 450, 30, 0
TAER DR AR S EFTRET 4 4 Outline.
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AR EINPIE S LT

1. £ Geometry Fr%5 [ Curve HH, fiili Arc.

2. W H Creation Method 1.4~/ Point, Point, Direction, Angle F4i A LA N E{H
= Center Point: 110, 30, 0
= Radius Point: 140, 30, 0
= Direction: 0, -1, OAngle: 90

3. LN EUER 1-2 W FE B B AT =k

= Center Point: 170, 60, 0
= Radius Point: 140, 60, 0
= Direction: 0, 1, 0

= Angle: 180

= Center Point: 170, 60, 0
= Radius Point: 120, 60, 0
= Direction: 0, 1, 0

= Angle: 180

= Center Point: 230, 60, 0
= Radius Point: 200, 60, 0
= Direction: 0, ~1, 0

= Angle: 90
AR U I T EIFTR .
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= fERA A 22 615 EdgeCurve

‘ 1. 1E Ground Fr%51] Curve ZHH, riifi Edge.

2. ¥ Creation Method T.EA%1% B A MultiEdge.

3. [ Select Toolbar, #1 T Elf/Ri%&EFE Outlinel, Outline3, Outline4 Az Arcl,
Arc2, Arc4.

TIP: f#H Select Toolbar i%3#% MultiEdge
[ Select Toolbar Zhfg ] AAE 5 FRARERRIRE -

= Select (Default) : 2 BIHIEE I Endty YIAAMFEH sl S s dogi it sefde.

= Add or Remove: i &b BTHPRES . IR R RBOEFER SR, WHZseiiik
o AR RO IR S, RSN L .

» Add: sTREC IR BRI S
» Remove: HUVH#YIE 1 RISLAA,
*{F Select Toolbar H'fk T i FEIRA LAAMO AN TN BE SR Pa gm AR =0 AN B 1 AR AL
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4. fETARE Db A S ) #iddy Finish Operation.
EdgeCurvel #:61%E .

5. FIXAE Ground #7251 Curve ZH T riili Edge.

6. ¥ E Creation Method T-HA*y MultiEdge.

7. {fifH Select Toolbar, 1T EFr R+ Outline2 1 Arc3.

8. 7E LEH H+h 4B ¥ Finish Operations

EdgeCurve2 # A1l .

9. JMBE Database H61% (1] EdgeCurvel 11 EdgeCurve2 2 #MRIFTA Curve.

Database AT

A iGround
‘:. Markers
|_=_|h¢ Curves
M EdgeCurvel
£\ EdgeCurvel
.40 Surfaces
. Solids
- Foads
GRoads

Cut Ctri+X

-~ D

Copy Ctrl=C

Paste Ctri=v ||

Delete Del
12 Translate
Rotate

Zoom

weer <O

L I o ==

View Center
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g 10. ity Exit, iBH Ground [ Edit f5xR. (Bxit 7 TTH TEAE E, A B ~E T

= VRS A Bl 5 I B B 2 B )
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1. {f Professional F5%5 1] Maker and Body 2191, it Ellipsoid.
2. % H Creation Method T EA% A Point, Distance, AL T HUh:
= Point: 10, 10, 0

= Distance: 10

W

. 17T Bodyl ff] Property % ¥ Bodyl f)4 A%y Ball 1,
. AFRHLLNEER 1-3 IREEE T HIR:

N

= Point: 40, 10, 0

= Distance: 10

®* Body Name: Ball 2
= Point: 320, 40, 0

= Distance: 10

=" Body Name: Ball 3

AU B R

{RIFIRE
FF T2, RAEBUE. Ot £ File 3
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CLEIApEI Ve

AR RS S TR . R4 IR Ball 1 MEFEIEALE] Ball 2, T4
Ball 2 {VEHIETIES) . & BT 5 Ball_2 ({3 /) Ball_3 FF UG Ti25) .

ESEiR
PO LN =R 0 R
» f% Ball_1 iz 3} Hs 45550 5 UK 5))
= BRZIA] [ BR-BR il
= FERRFIIE LT 0], [ 3 i 2 ) ik
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BN EAE s

QU7 JFRBHENE, A e R, XFE, BRI, Ball 1 24
FA LR LA E .

AT
& 1. {E Professional 525 Force 27, riili Spring.

Spring 2. W H Creation Method 1. E.f~%°K Body, Body, Point, Point.

-

e

. %% Ground {EN Spring i) Base Body, Mt TAEH OMTHE = - (WA CLEE
A Ground, )

~

. i Ball 1 JU], %35 Ball_1{E Spring ff] Action Bodye

54

. 4 Spring ] Base, Action Point #Z/& L FEUEHIA -
= Pointl: —20, 10, O

* Point2: 10, 10, 0

L N Properties of Spring1 [ Current Unit : N/kg/mm/s/deg ]
4 3
uﬁgﬁ%% ri' |Ger|era| I Conned:orl Spring |Graphic|
— . i Stiffness Coefficient |« | | 20. |
1. SR Springl HJ Property %11, [sttness costicent |-}
|Damping Coefficient |v| |D.05 | Pv
2. %E Sp . */]T\‘%’ﬂz U\—F/EE: DStiffness Exponent |1. |
DDamping Exponent |1. |
= Spring Coefficient: 20 Free Length 2 |2
Pre Load |D. |
[ ] Damping Coefﬁcient: O 05 Distance between Two Markers |30. "II
Farce Display |Inacti1rate |'|
®* Free Length: 45
| QK | | Cancel | | Apply |

& XHICEEY 30mm. ¥4 Free Length BN 45, XM, HHEREA 15mm. &
SRR RHCN 20, EOTEIFFMEI B, BRI 300 N AR, s =
45mm K, 37724 0,

3. A OK.
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TENENEH
FERR ) ) s
o 1. {E Professional /1% (1] Contact 2, i Sph-Sph.
Sphseh 2. ' Creation Method T 4*y Sphere,Sphere.
3. BEFELUN B LA
= Sphere: Ball 1.Ellipsoidl

® Sphere: Ball 2.Ellipsoid]

Ball_1.Ellipsoid1 _2Ellipsoidi

4. FRIKLE Professional FR%f] Contact 2, s5ili Sph-Sph, IE#ELLF JLA1A,
= Sphere: Ball 2FEllipsoidl
= Sphere: Ball 3.Ellipsoidl

VAREER [A] R 1«

1. $TJF SphereToSpherel [f'] Property & 1o

2. %E Characteristics */]?%’ 'ﬁEﬁD—F/EE: Properties of SphereToSpherel [ Current Unit : N/kg/mm/s/deg ]
= Spl’].l’lg Coefficient: 100 Type [standard Contact Force [~
~ Characteristic
. . [stiffness Coefficient [=][100 [[ev]
* Damping Coefficient: 0.4 (oamping cosraent [-|[o2 =]
[ Dynamic Friction Coefficien |~ |01 [[Pv] [Friction |
® Dynamic Friction Coefficient: 0.1 [ stittness Exponent EE R 1
[]pamping Exponent [, |
3. ){—:T\I:_E‘ OK. [ indentation Exponent [2 |
Buffer Radius Factor [z m]
4. X} SphereToSphere2 [HEMMEIE, MIFFEI || mmmsepserscr @ w]
2,
o I[ e ]

17
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TENXIRF BB [EH R
Ball 1 B5RSELI5, JFH 5 R ) L.
Ball 15 gl L2 5, Sl
@ 1. {E Professional #x25 ] 2D Contact 41, iili GeoCir , %4 LN JL 4.

GeaCir « Curve: Ground.EdgeCurvel

-

« Circle(Sphere): Ball 1.Ellipsoidl

2. FTJF GeoCurContactl f] Property & .
3. £ Geo Contact b2, %M FIEAEH Preview Hiki) 7 M.

*» Contact Plane Normal (Base) : 0,0, 1

Properties of GeoCurContact [ Current Unit : N/kg/mm/s/deg ]

Characteristic | Ge0 Contact

— Definition of the Base Geometry
MName |Ground.EdgeCurve‘I |
Contact Plane Normal {o.o 1. || Dir

Mormal Direction I @Up I ODown NodeContact

Preview Contact Geometry |

Contact Geometry

bt e DT e

Normal Direction (Base) : Up
4. {F Characteristic b5, 1IN FAZH
= Spring Coefficient: 100

* Damping Coefficient: 0.2

18



General | Characteristic | Geo Contact |

Properties of GeoCurContact [ Current Unit : N/kg/mm/s/deg ]

Type |5tandard Contact Force |"
Characteristic

‘ Stiffness Coefficient |v |1DD "El
‘Damping Coefficient |v |D.2 "El

* Dynamic Friction Coefficient: 0.1

Stiffness Exponent 2

5. miifi OK, KM@ LR H.

FEH AR (Ball_2) M T 3miE J LA 2 I8 s Hf
@ 1. {E Professional #%5[] 2D Contact ZHl, it GeoCir, EFELLT U1,
GeoCir . Curve: Ground. EdgeCurvel

-

« Circle(Sphere): Ball 2.Ellipsoidl

Ground,EdgeCurvel

2. #TJT GeoCurContact2 H] Property & [,
3. 7 Geo Contact FRZEH, FZHE TN EARH Preview ki 5 M.
= Contact Plane Normal (Base) : 0,0, 1

= Normal Direction (Base) : Up

Properties of GeoCurContact2 [ Current Unit : N/kg/mmj/s/deg ]

Characteristic| Geo Contact

Definition of the Base Geometry

Mame Ground.EdgeCurvel

Contact Plane Normal fo.0, 1. Dir
Mormal Direction I@Up I ODown Node Contact
Pre'view Contact Geometry | Contact Geometry |

S el

4. {F Characteristic bR, {EUn FARH .

= Spring Coefficient: 100
®* Damping Coefficient: 0.2

* Dynamic Friction Coefficient: 0. 03

‘Dynam\c Friction Coeﬁ’i(ient|v 0.1 "El Friction

O Indentation Exponent @ Boundary Penetration

[ev]

19




5. & OK, kP MEMERE .

TESE AR (Ball_2) F1_H3w#0E S L4 2 Rl 6l Befik
1. 7E Professional $1%5[] 2D Contact 4H, /7 GeoCir, EFELL T JLATA.

« Curve: Ground. EdgeCurve2

« Circle(Sphere): Ball 2.Ellipsoidl

2. #T7T GeoCurContact3 ffJ Property & 1.
3. 1f Geo Contact FrZEH, XM TN EARE Preview #ikH 5 M.
= Contact Plane Normal (Base) : 0,0, 1

« \Normal Direction (Base) : Down

Properties of GeoCurContact3 [ Current Unit : N/kg/mmys/deg ]

|General |Chalal:terislil:| Geo Contact |

Definition of the Base Geometry

MName | Ground.EdgeCurve |
Contact Plane Normal [0,0,1. [ir]
Mormal Direction () Up ®Down Mode Contact

Preview Contact Geometry | Contact Geometry |

PORR AR CH LD
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4. {F Characteristic f7%%, FU1NAZH
» Spring Coefficient: 100
» Damping Coefficient: 0.2
» Dynamic Friction Coefficient: 0. 03

5. M. OK, KM IkE .

21



SIEFE =R (Ball_3) ATIRFE )T 18RI fd
@ 1. 1F Professional #7325 [) 2D Contact 2H, i GeoCir, EFELA T L[4

GeoCir = Curve: Ground. EdgeCurvel

-

« Circle(Sphere): Ball 3.Ellipsoidl

,.”f» nd,Edgééurvel

2 Ball 3 Ellpsoid]
NG
as®

2. #TJT GeoCurContact4 H] Property & [,
3. 1F Geo Contact hpZsH, %8 NEARHE Preview HikMI T o

= _Contact Plane Normal (Base) : 0, 0, 1

OBk ERE O RE D

General | Characteristic GEBCBnlﬂdl

Properties of GeoCurContact4 [ Current Unit : N/kg/mmys/deg ]

Definition of the Base Geometry

Name Ground.EdgeCurve

Contact Plane Normal 0,0, 1.

Dir

Mormal Direction | (@ Up () Down Mode Contact

Preview Contact Geometry |

Contact Geometry

--------------

* Normal Direction (Base Geometry) : Up
4. {f Characteristic #5%%, EUIFAET.
« Spring Coefficient: 100
» Damping Coefficient: 0.2
» Dynamic Friction Coefficient: 0. 03

5. it OK, KMEMEVER M.

22
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E A Smooth 1% & Force Display

FEEREHIE Z AN Smooth Contact &M, N 1 5 EMHIE RHEANEE R, & X Force
Display FHI<HET

1. E Database Ei:l ’ Iﬁ‘l Hﬂ‘ ji EF‘ 4 /I\ é---’, Contacts

N N — -8y SphereToSpherel
GeoCurContact, f#fL Ctrl 4, HFEIF [ o qrocresnoe
HHE, SRJ5H T Property. ::  Eroperty
. N . ...'J Delete
Multi-property & TP, & O AHAILA—RYE | e[|  wmacwe
£ %A Entity ) Property. D e

2. £ Geo Contact #r Z& F >x [4] Node
Contact.

|4 ent\tiesl[ Current Unit : N/kg/mmys/deg ]
Geo Contac

Definition of the Base Geometry

3. s Advance Setting #%4fl. Name [
Contact Plane Normal

N . . Mormal Direction @Up ODown
4. Bﬁﬂj Advance Sett ing E_?T DETT}:F Smooth Preview Contact Geometry | Contact Geometry |

Definition of the Action Geometry

. G try T
Advanced Setting x eometry Type [ circte [~]
~ Smooth Option Contral
[~ CPM Control Edge Contact Advanced Setting
U Mo. of Max Contact Points 10 E
|:| Generate the contact output file, (*.con) l:l
| OK | | Cancel |
Force Display [|Base |V||
Edge Contact. [ ok ][ concet |[ aoey |

5. sl OK A8 s
6. fF Geo Contact prZH ¥ Force Display A5 A Base.

7. 1 Multi—-Property & 1 /51 OK.

{RIFIRE
(ESFIA TR 200, (RAPBI.  OMWid: 76 File JHF, il Save. )

ﬂ Save Ctrl+5
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Chapter

AT\ RIS

(RS [TR

FEARTEF, X NRIEFRNMEN MR8 KRR IR E . 534h, 38 Scope
KAINRIE IR
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Marker

PINBALL TUTORIAL (BASIC)

& XA L& Body 2 [A]#E 25 1) Expression.

1. 1F SubEntity #5Z5[F] Expression 20+ i+ Expression.
2. M Expression List % )5 57 Create #%4H.

3. 7 Expression & M a7 LA N #1E.

4. ¥4 Name ZF 554 Exp_Exp_Ball2 PosX.

(@]

. {E Expression JCAMEH A DX (1) .
6. 1F Expression % 1/ Argument List "1 87 Add.
7. fF Database " JEJF Ball 2 %1% )5 JE I Markers %135 .

8. 7E Database ' Ball 2 K] Markers %z, ¥ CM # A Expression &

Expression H Groups
=~} Bodies
Name  |Exp_Ball2_Posx | | # Ground
-4 Ball_1
&I =4 Ball_2
- @@ Joints
-J Forces
& F Springl
-y Couplers
Available Argument List S ot 'Contacts
/ B SphereToSpherel
[=-#we Function expressions - D Entity i -89 SphereToSphere?
F?T Fortran 77 Functions - T -8 GeoCurContact]
Simulation constants | = d “"4 GeoCurContact2
l Displacement ---'J GeoCurContact3
Velacity 'J GeoCurContact4
Acce\e.ratmn [ Requests
Generic force
Specific force - Splines
[dt System element [+ & PP
«] “m O] [ Add | [ Dekete 0L PV
Y. PPC
‘ [s]4 | | Cancel | | Apply | Fo PVC
--AB Strings

Argument List ff)%5 A XCAHEF,
9. 7f Expression & I &7 OK.

10. 7F Expression List % 17 557 OK.

TIP: ZFH Expression ] Marker

£ LT ] Expression H1, Argument List H§ A [1] Marker & LA Body ) Center Marker (CM)
YENE Lo 1E Expression AT LME 7€ XL General Marker f{E CM.

25
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Al LA it # i Professional #5325 [¥] Marker and Body ZHH[1] Marker Kf]%# General

Marker.
12 Expression Scope
NT ALY Plot S, A[LUEAAIE Scope KA FiE X ) Exp_Ball2 PosX FHI< 4k
R
%@ 1. 7f Analysis #5251 Scope 417, 51l Expression. Scope Bxpression
Exprejsmn 2. ¥ Name A5 A Scope_Ball2_ PosX. -:pr::ssi‘[:mpeﬁa”z_w )

Mame |Exp_BaII2_Pos)( IEL
3. sl BL %4, #if LEGIEA) Exp_Ball2 PosX, #AJF || ™
Fif OK.

4. WhiNa)i% Display J& & OK.

|Disp|ay|
T Expression fH25H] Scope L&A HER T EE, [ oc | [ cancel

26



PINBALL TUTORIAL (BASIC)

151 T Dynamic/Kinematic 57T
AATIE4T—> Dynamic/Kinematic 7)1, VAMEEFEAL_EH) SRR .
1. 7F Analysis /7% [) Simulation Type 2, 517 Dyn/Kin.

aﬁa 2. f£ General Fr&&H5E XA H KIS RS (B A1 4 -

Dyn/Kin

* End Time: 0.5 Dynamic/Kinematic Analysis X
General | Farameter I Initial Condition |
= Step: 500
End Time [05 | B
L Step [500. | X
. PIOt Mu'ltlpher Step FaCtOI': 4 Plot Multiplier Step Factor 4, | Pv
DOutput File Mame |
3. 7f Parameter HrZ5H7¥ Maximum Time Step
A 1. e-004.
Dynamic/Kinematic Analysis X
4. ){—f‘:f’_‘T Simulate. Parameter | initial Condition
Maximum Crder |2. |
RCCUIDYH _i_]_ ﬁ }j‘z . §$ % %_D T% ﬁm E,(J j\i‘_ z\jj jFl] Maximum Time Step |:1.e-[)[)4 :g
N N Initial Time Ste 1.e-006
77 AN Number of Steps 4 500, Plot o ’ e =
Multjp]ier Step Factor y\j 4, F ﬁ w‘ﬁ 2000 /l\ Integrator Type [IMGALPHA [~]
FAAE 2 Bl
. —/:/41‘ / . . 4 5 —
5. 1& Analys'ls *T_LEI;J An'lmatmn Control 41 ity N A<EP P DI OERST
Force Display Setting. : ’E ; - .
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10. 7 Analysis 7251 Animation Control 4+ s Play #Z4H (i 1E RIF45)
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J5/T Design Study

6.

7.

Design Study FISFEUT T
5E N HE ) B HAKE N Parametric Value .

R4 Parametric Value 5E X Design Variable . % HHKBEHTEREN 45mm 2
60mm

€ X Petformance Index . 7£ X /7[n], EX Ball 2 i KA E . WH Ball 2 [ K47
B 170, Bae @i 7 E E RS TG .

W Design Study ] Number of Trials ¥ 16 (I 45 £ 60, & 1mm —35, FTEAH
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#F Design Study 4R, FH2xKl.
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2.

BRI (Springl) (IR

£ Free Length SUAMES L, il Pv %4

3. {E3H ¥ Parametric Value List 7 [1, it Add #24H, WAL M EE.

= “Name: Spring Free Length

Parametric Walue List
Parametric Values
Mo | DP | Mame Value Comment -
1 IT Spring_Free_Length 45 El A
= —Value: 45

){—IT\‘[E‘ 0K, %I‘Zﬂ Parametric Value List &,

4. fi# Free Length i PV &M IEHHIA, st OK, JKH Springl JEIEE .
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&N RE:

1. {F Analysis F525/] Simulation Type 20, £iili DOE.
#H Design Study % I,

2. {f Design Study & [1[1] Design Variables, fii7 Add %4 .
3t Design Variable List % [1.

3. 1f Design Variable List % [1, fiili Create %M.

§$$ Design Variable 'E_]? I:I . Design Variable
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Value Range || Absolute Min And Max Value |~ |
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[Juse Edit vValue
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— Edit Value
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oK | | Cancel |

5. M OK.
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AL A%

=" Name: Ball 2 Travel

* Type: Max Value

Performance Index List

Performance Index
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>l

= Expression: Exp Ball2 PosX

3. ff Performance Index List & 1 A5 OK.
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f§ ] Select Camera F&HZhiH
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