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Chapter

Getting Started

Objective

O RE2|Y0IME A, AIB20|M, A|ZH HO| A|ABIS| HAES 93t 435 240l Colink S
AFB3I0] S A|AEIO| AER[0|M 4= U Fofjof Cal CHRH & HYLIch E3,
RecurDyn O Al MASt 7|7 A|2EIE Hof 817 QIsiAf RIOf AlAES HolstH & YLk,

Of AI&HEIOM= X2 2 0[S0 7tset X0 A= & Pendulum = EX5I0] AlE2|0]4
LIC. Pendulum% FolM ol HESHH HE /K2 B¥E /Al St=F &[0 ASLIC
FEZLOAM 2 Hofots 4T MO A[LEES Feigct

Z=QE, o, 2D #H, XM EZ| 43S RecurDyn = Sl A3l

of REZ[E2 O[HY
g LCH 2= g2 XMt 235 AL

AFBRIE 9I8 A Y
Prerequisites

3D Crank-Slider, Engine with Propeller, Pinball (2D Contact) SE2|¥ = 19 &%t &2
= A5 2 AFEXI0|0{of S, Z7|=HQl F2| X|A0] 2+ E LT

Y
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Procedures

FEZE2 s B2 850 UAFUL 24 XS 2t=ots O Zel= oy AlZ2 H 0|20

HEA|ELCE

Procedures Time (minutes)
Creating the initial model 10
Integrating CoLink 15
Adding Derivative Control 10
Adding Integral Control 5
Total: 40

&

<’ Estimated Time to Complete
40 =
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Chapter

Creating the Initial Model

Task Objective

MOl A ABaE e AMEE 7| 22 S Addt

=~

rir

YO CHol Zor=EHA|L.

<

)

4
<’ Estimated Time to Complete

10 &
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Understanding the Model

AlZft7| o, ofgfel ag2 2tdE 2R Rgs EolE UL

Pendulum
(Steel)

Revolute
Joint

Base
{Aluminum})

Translational
Joint and Force

Base moves

sideways
r l
SO CHEt ol At CE.
* Pendulum 2 SZX0|=F 57| 8f #=%0fM 5 =25 Mg HELLCL

= 7|2 HICE YR0502 HE0F D Pendulum 2 ZEZ HEOMELICH HE
2= 0|0] Parasolid Tt0| Ho|z|0f UAELICLH =X
Body & Ofzfof Ct2 L5 2 £ US AYUL|CH

rulru
E
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=2
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r=
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Starting RecurDyn and Importing the Geometry

To start RecurDyn:
1. SHESIB0lA RecurDyn O[0|2 Cig "
New Model
EEEINS |
N Unit | MMKS{Millimeter/Kilogram/Newton/Second) [+] [ setting |
2. Start RecurDyn L3t XIOA 22 0|52 sty [3 o
Pendulum 22 2{tL|C},
3. OK Z&/gtLCt, Open Model
Recent Models

To import the geometry:

1. File H=0|A Import 2
MENSEL|CY,

2. Import It EI2S ParaSolid
File = HHHEL|CL

3. ColLink 5EZ|Y C|HEZE
ZrotZfLCt,

4. invertedPendulum.x_t It &
A EHSHLICE,

(The file location: <Install Dir>
\Help \Tutorial \Colink
\Pendulum)

“ E
[ 3 !

\afg o
| —

CarCruise_lnitial rdyn CarCruise_lnitial rdyn CarCruise_lnitial rdyn

an E
Show ‘Start RecurDyn’ Dialog when starting
A Import X
« v P <« Colink » Pendulum v () Search Pendulum
Organize v Mew folder =~ [ @
~
L Mame Date modified Type
3 Quick access
‘ D load & | invertedPendulum.x_t 2019-11-29 2= 2:16 X_TH
ownloads
& PlanetGear
sheettoroller_01
@ Temp
A RecurDyn
@ Onelrive - Functi
[ ThisPC
J 30 Objects v £ >

File name: | invertedPenduluma_t

Model File Folder Cancel

v| ParaSolid File (“x_t*x_b;*xmt; ~
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Open 2&/5IH CAD Import Options &0| LIEIZL|CE, Assembly Hierarchy ME{S

==
=
siHst =, Import HES FELICT,

A CAD Impart Options x

isssembly Hierarchy:

Hierarchy Conwversion Lewel ' Body | | Subsystem

|:| CAD Hierarchy Dialog

| Impaort || Cancel |

Render Mode £ Shade £ H{Y&EL|C}.

Base HIC|2t Pendulum HIC|7} Of2iet ZH0| H O &L|CE,

Base HIC|S MEiSID OIRA @EXZ 02 22310 Properties £ MESIL|CE,

General #0|A O|2& Base 2 Z HIF 0| FL|C}.

OK S=gLC}

. Pendulum HIC|2| 0|2& Pendulum 22 HO{FL|LCS,




Adding Joints and Forces

T el AN =QlESt Y BE FIhL

- o

To add the revolute joint:

-

Revolute

-

Base Body 2 Base S MEigiL|C},

2 »bd

Action Body 2 Pendulum £ MEiSHL|CE,,

A 1. Professional T29| Joint 1 Z£0{|A| Revolute £

PENDULUM TUTORIAL (COLINK)

MeystLct,

—

D32 MHS Body, Body, Point 2 AMEHSHL|CY,

10
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Translate

L3
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5. _7F_O|EQ_| _7F_|-_-EE 0, 0, 0 % g’ E_‘!'éb'll' L| |:|-_ Properties of RevJoint1 [ Current Unit : N/kg/mmys/deg ]
Connector | Joint
6. Database WindOW 0'” 9)'\% ReVJOint1 % —Base Marker
Mame Marker1 Body Base
= ZX o A =Hals 1 =
Qtﬂ DI_T_E = _IOI-‘T'_ Propertles = Orientation | Angles |v Ref Frame | Base
MEHSHL|CT, origin [o,00 [et]
Euler [anglests [~]] 0.,0,0. |
7. Connector & Of2{0|Af Action Marker’s
o _ = Action Marker
EUIer angle = 5’ 0’ Y = HI-JH = LI I:I" Name Markerl Body
Crientation | Angles |Y RefFrame
Origin [o,0,0 [pt]
Euler |Ang|e31 3 | - |I -5.,0,,0/ |
| Copy Base to Action || Copy Action to Base ||AII |v
o [ ] Comr ]
Note: O] 272 X0 A|[ARQ ZQIE -5 E0HF x7| 2|ME J7E5H7| fIg LIt
8. OK S=LCt

To add the translational joint:

SAREEE I

Professional §°| Joint 1&0| A Translate & MEiTHL|CE,

k=T
Base Body 2 Ground & MEiTiL|CH
Action Body £ Base S MEHSHL|CY,

Base 2| RE% Otaf F=2| 7FIAtE]
?10f ORAE S FH ZQEQ| 4o

REZR IYNY HA| Z/OF SLIC

Base HiC[o| 7HIAIZ|E SEELICH

4dE Body, Body, Point, Direction Z MEiBIL|CT,

11
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To add the translational force:

1 1. Professional 2| Force 1E0{A| Translational £ ME{gIL|C},

e

Translation 2. 2

-

e

2l A¥3MS Body, Body, Point, Point 2 MEiStL|CE,
3. Base Body 2 Ground S MEisL|CY,
4. Action Body Z Base & ME{SHL|CE,

5. Base Body 2} Action Body ZQIEZ 0,-50,0Z5 F 2 stL|Ct,

Save the RecurDyn Model:

Pendulum_P.rdyn 22 2 g XEstL|CE,

12
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Running a Simulation
X7t Ol Pendulum A|AEI2 O S X 2 £ UEE A 0|MS M £
AL LT

To run a simulation:
@ 1. Analysis ©°| Simulation 1E0|A Dyn/Kin 2 MEiSHL|CE,

Dyn/Ein

2. QEZE i 40| 585X =
T Pendulum 2| %2l & = 2

=S¢t 200 2HC 2 AlE20|dS 2Lt O 282
=

End Time 5. [ Pv]
Step 200 [pv]

Plot Multiplier Step Factor 1. | P

DOutput File Name |

rInclude
|:| Static Analysis

|:| Eigenvalue Analysis
[ state Matrix

|:| Frequency Response Analysis

|:| Hide RecurDyn during Simulation

[ pisplay Animation

Gravity
’7 x [o. | v [o80665 | z |0 | [Gravity]

Unit ‘ Mewton - Kilogram - Millimeter - Second ‘

Simulate || OK || Cancel |

13
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3. Parameter T0j|A{

Dynamic/Kinematic Analysis x
= = o
Numerical Damping = Parameter | |nitial Condition
0.3 2= ZFgLCt,
Maximum Time Step |1.e-vl}l}2 |
4. Simulate & S, Initial Time Step | 1.6-006 [Pyl
Error Tolerance |5.e-i}|}3 |
Integratar Type | IMGALPHA | - |
Mumerical Damping ||'D.3| m
Constant Stepsize |1.e-i}|]5 |
Jacobian Evaluation for TPart |1i}ﬂ. |

|:| Match Solving Stepsize with Report Step

Match Simulation End Time with User Input

[J step condition

Simulate || OK || Cancel

Viewing the Resuits

To view the results:

1. Analysis ®2| Animation Control 1 E0|A Play HHES S8/5l0] ZutE AATL|C

Pendulum O| AtrE Of2iZ2= AZSHD 7|2 HIC|= XAREH RLEZL S22 FX0|=

14
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Save the RecurDyn Model.

15
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Chapter

Integrating CoLink

Task Objective

O] #0jM= CoLink 2t &¢& Z&E 28512 CoLink ZEE YTt CoLink ZE2
Ch=H[2(P) MOf AIARYLICE O3 TS MO A|AES AlZ20[dst ZE 2 =0
LHEHR LT

5

> 0

<’ Estimated Time to Complete

15 &

16
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Creating the Plant Input

G Tof AIAHOIA RH| S MHHLICH 0 e LF0E HolZ 4 o

2SO Z Lt

U=

rir

To create the Plant Input:

-D,? 1. CoLink 2| CoLink 1Z0i|Af Plant Input List
Plant In Plant Input % —S@lﬂq El'. Plant Inputs
2. Add £ SEgLC N | U | Name -
1][v Plantinput1 i

3. OKE &g

4. Database window 0|A] Force & Translationall & 22Z HEC=Z 225l
Properties & S22 L|Ct.

5. FX2| RLER0 U= EL HES 285t X U 25

pot

= 89| gt

Ho

o

Properties of Translationall [ Current Unit : M/kg/mm/s/deg ]
|General I Cunnettur| Translational |

Type |Star1dard Translational Farce |v|

— Expression

FX | el

e N

| IEN

Reference Marker |Ground.|nertiaMarker "EI

Farce Display ||nacti1rate |"|

| OK | | Cancel | | Apply |

17



Expression List 0|A| Create HE2

6.

10.

Expression Name 22
Ex_transForce 2

el

22 PIN(1) 2Lt
Argument List 0| A,

Add £ Z&gLC
Database window 0] A{,
PlantInputl 2 2RE &
O™ A HY
Argument List £ Z0f

S5 LCH
OKE M ® E&510] 2=
28 Mgt

PENDULUM TUTORIAL (COLINK)

SEELC.

Expression

Name Ex1

PIN(1)

Available

Argument List

[=]-Fue Function expressions =
G- Fr Fortran 77 Functions

---Tt Simulation constants

---Q' Displacement

-4 Velocity

Q‘ Acceleration

_:E Generic force

7. Specific force

- fde System element |E|

D]

Entity

Plantinput1

idd ] [ Delete

18
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Creating the Plant Outputs

O[F| 2ol HMof AILHO EHS 20| £33t Pendulum 9| Zf= LT,

To create the plant outputs:

? 1. Colink ®2| CoLink 150{|A Plant Output = 2&&LIC.
==
plant out | 2. Plant Output List E0IA Add £ Expression
. MName PlantOutput1
= :
PsI(1,2)
3. E+EPSI(1,2)2 YHELICE O
2t4= Pendulum It BASE At0[2
gHE Felote 2e8] Z4&=0l PSI
Zl}-E% I:|EI--C.>I;I}-I_| I:|-- Available Argument List
. = = o= —ﬁu Function expressions D Entity
4. Argument List & 7HE TS5 oo i Pendulum Marker?
. = ! Displacemen 2 Base.Markerl
Q2% 21t 20| RevJointl O b vy
o +g Acceleration
xO-iglEl_l _I|:_ DI-;-I% OI:IE—4|°|:|H“| I:I-. ﬁ +E.‘ﬁ genepc;orce
#- s Specfic force
H._‘lMHO‘" Pendulum gl DI_;_I% +__,Bf System element |z| : .
«] w7 [»] T idd. ] [ Delete
Oblao‘dl-l—-l EI'. | oK ‘ | Cancel | | Apply |

5. OKE F+ H# E&50] v WES
N

X &

o

ot

L|Ct.

19
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Gain
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Creating the ColLink Model

OF| Colink & T HOj AIAES MHSLICE 0[S £ Co|0j1%S XSRE BHE7|
AIESILICH, 25€ RecurDyn 2, Gain %, B P AES2), 22T £2(2 Lieth7| 9ie
2HE0f I HYLIT

To create the CoLink model:

1. CoLink £2| CoLink 1£0|A Run CoLink £ Z&!g}L|C}.

ColLink 0 g &0 HEL|C},

2. Connector B{0|A Link &2 RecurDyn E£8 Z&/3t £, o2 O2ut 20| LEX

otHo| 3/2 X[Ho| ZCt s5LC.

= RECURDYNF
Plant

RecurDyn

e

3. General B0 Output 1E2| Scope =52 =25t =, otz2fe|l 12X H RecurDyn
=25 QEZ| {X|A|ZLC

1 RECURDY NP }N
Plant

Scope

RecurDyn

4. Scope =% Of2fle| 0|§2 L2 &0 Position 2 0|52 HHHELICEH

20



5.

10.

11.
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Math 0|4 Math 12| Gain 222 22/¢t &, of2jo| 12H RecurDyn 22
elmof 9Ix|A|ZiLIct,

>|>} E RECURDYN[* :’/\/\ﬁ
Plant

Gain Position
RecurDyn

Gain 55= OH& 28519 HEZ SO{ZLCt
Gain 222 -1000 & 2 =TfL|Ct, Gain
oK & =gt Gain -1000 |
Sample time |'3' |
| oK | | Cancel | | Apply |

ofzfe| 12l Z0| RecurDyn 21} Position 522 AZTILICH T 71X| B0
UELICH RecurDyn =52 285t Ctrl 7|2 2 M Position =2

= o
Z22/3tL|C}, == RecurDyn 229| QEXE A HEE 22410 OIRAE Position E229|

=2 -
= }&chun YN I
Plant

Kp Position
RecurDyn

_,_

m
==
2

Kp £21 RecurDyn £2& HZSL|C

%’&mun ¥ P'/\/\ﬁ
Plant

Kp Position
RecurDyn

O|M| Kp Gain &1} Position Scope & AZdst= H|g N[O mjE8 2o E FI1gh FH|7t
g RAELC.
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To add a proportional control feedback loop:

osition scope 7t HAZAE M {I0|M ORA 2 B2 B 510 Kp

1. RecurDyn =£1} P
Ol = ORAE SO0HEL|C

=
=588 Fo=2

’@—”(;’/\“

Kp Position
RecurDyn

Kp Position
RecurDyn
TS 286t £ A%ty s =8 + ASHC

Save the control system:

1. File 70| Save ME{SI7L} Save OfO|Z2 Z2|gtL|LCt,

2. Colink file 2 RecurDyn 20| XM&= X1t 22 Z040| Pendulum_P.clk 0|E2 2
ML o,

23
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Simulating the CoLink Model

Lol 2= HIZ MO A|lAEIH RecurDyn 22 CoLink OA A[E2]|0]4 ghLCt,

To simulate the model with the control system:

1. CoLink 0= Efl 0| SELCL J2iAM, AlE20]dS &ddt7| 0| RecurDyn =
=
=

JLE
ozt
mjo

UAEE CoLink % RecurDyn 2| &O| 2X|E ZFd|jof BtLILCE.

DUOEEBRS - [GBITHE

2. Quick Access Toolbar 0|A| Simulation Toolbar &3} 8fL|Ct,

=

3. Simulation Toolbar 0|A| & A[Zt2 5 X2 HMYEL|CE 12|12 Type= RecurDyn
HZ5l1 Solver & RecurDynSolver 2 2 HZATIL|CY,

"‘rﬁ. = E "B | Tpe RecurDyn ~ [Eolved RecurDynsalver | ~ -

% 4 Play HHES =8{ELICL RecurDyn =3 HO[A 2 SEIS =T = QUOOF gLC.

Tip: Co-simulation 0

| A¥E|X| g=CtH 1 o|lfE=?
Co-simulation 0| A¥E|X| A4S AL, Server Busy CH3t AA7b LIEFE 4= QUSLICH O}

AL LIEFLH

= Switch to & 22/3}1 RecurDyn =3 %0 HA|X|E HETLCE

Q2 MA|X|7} ColLink REE %2 £ QICt =CHH, RecurDyn % Colink EEO

29| fIXE

|
HESHOF Lt & o2 Z2 ZH0| Xt UA=X| =elgtLct, Y] @OdH, 22 24

12 =

[=3
F I+ZS =1 RecurDyn 1t Colink CHA| A|ZgtLICL O[X| AlZ2{0]430] MCH2 HHE HAYLICE

24
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To view the results:
1. RecurDyn #2=2 Z0t2} OfL|HO|M Play HHES
S2etuct,

Pendulum 0| X2 TSSIHA HOAIXRO ofsy

—
+x02 SXEE AS 2 4 ALt

2. ColLink 22 ZO(ZL|Ct 12|11 Position scope
=
=

& B ZEgLCE ofzfel a7 at 20| Pendulum 2| ZE x| Q=5 2 = AS LT
- O x

A Position

& BikQREQEPSTF

R [E]| & |

1\ /\ 1\

o/ \

0.036
.m/ \ | | [=roanm)

/ALY A

0.000 1.000 2.000 3.000 4.000 5.000

Pendulum 0| =22 [{X|Z|X|T, JiZ= AjZof Cfet Z=1F TS0 ACt= AS

=~

X
2Oz o[4S i ZstY| floh, CE oM Oj2 HAEES F7HefLIth

25
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Chapter

Adding Derivative Control

Task Objective

-0/ XM Oo{(PD)7} Z&tk|= CoLink ZE 2 £HeIL|Ct O3 CI2 A|AHS

k|
AlE2f 0|85t ZntE BHEetL )

26
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Modifying the RecurDyn Model

02 HEES F7I5H7| QIsiME, HA CHE 0|22 Z RecurDyn ZES XNETLICH O Fof
Penduleum 2/X|2} £ (9/X|Q| O|F)2 £ =g L|Ct.

To save the model under a different name:

1. RecurDyn #2 =2 ZOpZFL|C},
2. File 70| Save As & MEiTIL|CT,

3. Pendulum_PD.rdyn 22 XZEgiL|C,

To add a plant output for the rotational velocity of the pendulum:

1. Database window 0{A| PlantOutputl £ 222 = Properties S 22/5}0 Plant
Output List 2 S0{EL|C.

2. Add HEZS S&gLCt Expression
o MName FlantOutput2
3. Input &0l wz(1, 2)2
'WZ(1,2)
Yafghuict.
4. REZ It Zo|
Argument List & F7}5t10
zrE YHsE LI
Available Argument List
2 = ¥ 3250 b
5' OK = T l_ =7 I-O:I I- =] A Function expressions = D Entity
QO TJAISH +-Fy7 Fortran 77 Functions
LH S= X1 oS 2 |._| EI‘_ +TC Simulation constants 1 Pendulum.Marker1
*:...._Q;' Displacement 2 Base.Marker1
- Velodty
- Acceleration
+}_F"G Generic force
+F‘s Specific force
+_|E-jr System element |Z|
4 m [»] [ Add | [ Delete
| oK | | Cancel | | Apply |

27
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Adding Derivative Control

MX CI2 I}Y O|29Z Colink ZES XZEStD CHE mEW 2OE n3tsie 0|2 AEER

ST

To save the control system under a different name:
1. ColLink &2 =2 E0OtZtL|Ct,

2. File H70|A Save As £ 22atL|CL.

3. Pendulum_PD.clk 22 XM&gL|CT,

To add derivative control:

£ 94 Mg £&/5l1 Delete & 225l X|SLILCt.

L]
Jgar 2o S0 X =5 Chg THAISE et gLt

Position
@} P&Rlcun
Plant
K
o RecurDwyn
Diemux /\/\/_

Velocity

2. Connector ®{0|A Connector 1E°| Demux =52 223t £, RecurDyn &1t
Position Scope 25 ALO|0f| @|X| A|ZILICE,

3. Position Scope O}2{0]| \{22 Scope & F7FetL|LCt.
= Scope 0|2 Velocity 22 HtELICE,

4. RecurDyn =1 Demux =& AlO|E ¢ZTIL|CE 12|21 Position 1} Velocity
Scope = AHAZAS|FLICE

5. otz JZME CHE Gain 42 Kp Gain 2243 F7tgtLC,
» MEZE2 Gain 29| 0|ES Kd 22 HHYEL|CT
=  Gain U2 -125 22 YETtL|C},

6. Math #0|AX Math 152 Sum =52 223 £, Kp Gain 251 RecurDyn =&
ALO[Of| @|X|A|ZILICE,

28
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7. Gain E2£3 Sum 2%, 12|21 RecurDyn S22 otz 120 Zo| AASL|CE,

. Position
Kp + H&Rmm
Plant

sum

RecurDwn
Demux '/\/\ﬁ
Kd

Velocity

8. Hof AI~EE ML
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Simulating the Model with Derivative Control

Simulate the model as before.

Tip: Run 2487} 3|4
EEA CoLink Run 34

|0l CoLink CFA| A|ZHSET

M= oBA siof gLt
f o2 HULoh 37 =|UACHE,

=&

CoLink 22 & X%}

a

Ct
[=

ro

To view the results:

1.
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—
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Chapter

Adding Integral Control

Task Objective
O] oM, HZ-ME-0|&2 HOo{(PID)7} Z¥ElE Colink 2H2 ML 13 C+e
AAEIS Algo|Mstn ZTtS BASHL|CH,

<’ Estimated Time to Complete

ul
H
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Adding Integral Control

X CHE O|E2Z CoLink ZES XNIeLCL OfE mEY RxE o= HE HEER
g,

To save the control system under a different name:

1. File H|70|M Save As & MEHSIL|CT,

2. Pendulum_PID.clk 22 XZgtL|LCt,

To add derivative control:

Sum
2. Listofsigns & +++2 YL}, Sum List of signs [+ |
S=20| Qg A i BtEolELCh Sampletime |0 |
| QK || Cancel || Apply |
3. OKE gLt
g 20| 250 X[ =&F Chg THAE et gLt
Z": Position
+
Kp . r&krcm
Plant
Sum
RecurDyn
[ Diemux /\/\ﬁ
Kd
Velocity
1 IIEb
? =
Integrator Ki
] 4. Continuous and Discrete H{0|Al Continuous 1 52| Integrator =22 225t 3, Kd

5 Gain 25 2% Ot2{of |X|A|Z LT
Integrator
5. REO ME2 Gain 252 Kd Gain 2 Of2fjof F=7tgtLct,
=  Gain 89| 0|E2 Ki 22 HHO{FL|Ct.

»  Gain %48 -250 22 YHTHL|CL,
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6. ool Jgol w7k Mif Z0] EE5S HEYLIL
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S

Pt
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RecDyn D
Kd f\;\/—
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Simulating the Model with PID Control

Simulate the model as before.

To view the results:

H = = =5 = > o o = AL o .
1. Position I Velocity Scope £ & 22eL|CL Ot 22 Z20E 2 &= U2 AYLCh
A pasition - 0 x

=B ke | B MR G | 2 [E] 5 |
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/
f
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2 0024 {
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= |
I
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0, /
I
/
I
0,072 fr
/
0.000 1,000 2.000 3,000 4,000 5.000
Time
A Velocity - 0 x
= Bk |0 R 67 | ¢ |12 E]| & |
tf"\‘:‘
0.182 |-~
! \
| \
\
]
0.114 { \
\
A\
w \\
% o076 1 A — Velocity #1
e \
Y
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0.000 C —
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Time
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00l %87 Ut Y% SEC| YO te| @8] HET} YL

35



PENDULUM TUTORIAL (COLINK)

2. RecurDyn &°2 ZO0hZL|CE,

3. ofLHojdE H™AIHAELCL

O[X| ofLio] 42 ZIXt7t £HHZ /X o= AS 20

a
ONLIDHO| 4 =Tt Base HIE|7h R2f A= K| XM S YOl B
HMof mes R2x7F FIHEON [HEl Hof Al =

o
NTENPN"!

Thanks for participating in this tutorial!
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