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Create a new system

Create a Multi-Body
Dynamics system in the
Project Schematic window

Right mouse button with
the cursor over the
Geometry field

Select Import Geometry -
Browse

Select pendulum.x_t file
and import it

Right mouse button with
the cursor over the
Geometry field and select
the Edit Geometry in
DesignModeler

A

d

pendulum_CAD-file.zip

Analysis Systems

Project Schematic

Component Systems
Custom Systems hd A
Design BExploration .
Bxternal Connection Systems 2 | @ Engineering Data v a
B Multi-Body Dynamics 3@ Geametry ? .
@ % Multi-Body Dynamics 4| @ Model F o4
- 5 @ setup T
A ER calibinn =
- A
| T AL
2 @ Engineering Data v 4 DI‘T_ = _l
@ 3 |9 Geometry 2
4 @ Model E New SpaceClaim Geometry...
5 @ Setup @i’ MNew DesignModeler Geometry... @ @
6 | §g solution | [IEiil EEnEN » Id] Erowse...
7 | @ Resuits Sa  Duplicate [ Browse from Repository... ﬂ| -—-l pendulum.x_t
Multi-Body Dynami Transfer Data From Mew 3
Transfer Data To New »
F  Update
Update Upstream Components
j Refresh
Reset 7
Elfl Rename
Properties - A
Add Not 2 | @ Engineering Data v 4
3 Geometry <
4@ Model Sl Edit Geometry in SpaceClaim...
5 @' Setup @ Edit Geometry in DesignModeler...
6 |5 Solution Replace Geometry
7 @ Results 5% Duplicate

Multi-Bady Dy

Transfer Data From New
Transfer Data To Mew

2
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Importing Geometry

1. Click Generate tool in the
toolbar of DesignModeler.

2. You can see the geometry.
3. Close DesignModeler
4. Save the project

5. Right mouse button with
the cursor over the Model

A Multi-Body Dynamics - DesignModeler - O *
y 9

File Create Concept Tools Units View Help

QHE @ || Dunde Gredo [[selece[*y Tr | RR W | &0~ | B

W - 4~ J- Ao A S (T

|
!
S ¢ Q@@ ¥ H +el |
|
|
|

XYPlane - )}-| None hd | :}’Generate Share Topology Parameters |J R Extrude ﬁRe\rolve @ Sweep &b Skin/Loft
[BiThin/Surface . Blend * % Chamfer B Slice Point @ Conversion |JACTDeveIopment & oA

Tree Outline 1

E----‘,@ A: Multi-Body Dynamics
iy 7 X¥Plane
vy Fn ZXPlane
ey P YZPlane
....... y m Import1
[, @@ 2 Parts, 2 Bodies

Sketching Modeling I

Details View 1

=/ Details of Import1

F29 View  Tools Units  Extensions W A
field and select the Edit... 1 New ;
Open... 2 @ Engineering Data v .
3 (G} Geometry v 4
ﬂ Save As... 4 . Madel = |
5 @ setup @ Edit...
& Solution (£} Editin Read-0Only Mode...
7 @ Results 23 Duplicate
Multi-Body Dy Transfer Data From Mew
Transfer Data To Mew
F  Update
M
& MBD g As © FunctionBay, Inc.




Unit and Gravity

Set the units to Metric
(mm, kg, N, s, mV, mA)

Rename the geometries to
Pendulum and Base

Right mouse button with
the cursor over the Multi-
Body Dynamics in the
outline window and select:
Insert — Standard Earth
Gravity

Change the Direction to
-Y Direction

@ A Multi-Body Dynamics - Mechanical [AMSYS Mechanical Enterprize]

File Edit View | Units Tools Help

T Show Vertices
g"‘f []t- Reset— E
Solution ﬁd
MBD Entities &

ACT Development
Outline

Filter: Mame

o e

Project

B Model (2
E| ,,fﬁ Geol
H “ﬁ
L @y
[ -2k Cool

,,Qj Conil
i EERR Mesh

Metric (mm, kg, M, 5, mV, mA)

g 4
Metric (m, kg, N, 5, V, &)
Metric (cm, g, dyne, 5, V, &)

Metric (mrm, t, M, 5, mV, mA)

Metric (mm, dat, M, 5, mV, mA)

Metric (um, kg, uM, 5, V, mA)

.5, Customary (ft, lbm, Ibf, °F, 5, V, A)
.5, Customary (in, lbm, Ibf, °F, 5, V, A)

Degrees

Radians

rad/s
RPM

Celsius (For Metric Systems)
Kelvin (For Metric Systems)

'.,}f‘ Schve

CBFS] - Body Dynamics (2

g /'\ Analysm Settings

E| ----- > (& Joints

oy A, Revolute1
: - > ®, Translate1
E| ----- f Forces
R o wm TTEFOrcel
E| ----- _/ f Expressions
H b P ExZero

®

Filter: Mame -

1= = e gl

Project

- Model (A4)
Geometry

@ [ Gt Pendulum

- - [ Base
I ----- o Cnnrdlnate Systems

Insert L m Standard Earth Gravity

¥ Component
¥ Component
Z Component

Suppressed
@

=} Solve (F5) %5 Bodies
Contact:

B¢ Duplicate » Contacts
] Clear Generated Data
gl Rename (F2)

-l Scope

Geometry All Bodies
-/ Definition

Coordinate System | Global Coordinate System

0. mm/s® (ramped)
-9306.6 mm/s* (ramped)
0. mm/s® (ramped)

Ma

-Y Diirection ll

\\ MBD for ANSYS
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Delete Contact Region

1. Select Contacts in the
Outline window.

2. Select Delete from the
popup menu.

3. You should uncheck
the 'Auto Detect Contact
on Attach’ option for
Mechanical if you don't
want to repeat this ‘Delete’
operation later. (Tools -
Options... in the
Workbench Window)

Filter: Mame -
A4 E el gl
Project

Bl [ Model (Ad)

‘,@ Geometry

Coordinate Systems

Contact Region

E-9(=] Multi-Body Dynamics (A5)
: VA Analysis Settings
Solution (A6)
,//m Solution Information

@

I\ Unsaved Project - Workbench

Create... 4
Insert 4

-./f Create Automatic Connections

=4 Check Overlzpping Contact Regions

Suppress
Disable Transparency

G, Search Connections for Duplicate Pairs

> (EEE

¥ Delete Children

ab Rename (F2)

dlh Rename Based on Definition

27 Group (Ctrl+ G)

o — r[\ Cptions

File  View m Units  Extensions Jobs Help

j E @l Reconnect
uij[mpurt‘.. Refresh Project

I #  Updat= Project

= | [ |-

+ Project Management

i Appearance

Regional and Language Options
Graphics Interaction

Journals and Logs

date Project

Analysis Sy License Preferences...

Componen| Release Reserved Licenses. .
Custom Sy

Design Exp| S

E Multi-Body Dynamics

& Multi-Body Dynamis

Project Reporting
i Solution Process
.. Extensions
Mechanical APDL
CFX

+- Design Exploration
Repository

Mechanical

Qrneenng Do

Microsoft Office Excel
TurboSystem
Meshing
i Geom etry Import

Mechanical

Restore Defaults

Save Mesh Data In Separate Fle

Release License for Pending Jobs
On Demand hd

™ Maximize Design Point Performance
Design Points
¥ During a design point update, periodically restart the Mechanical application
Mumber of design points to update before restarting the Mechanical application
1
Parallel Processing

[~ Limit Number of Cores for Data Mapping and Post-Processing

2

@ Cancel
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Multi-Body Dynamics

X

© FunctionBay, Inc.




Joint — Revolute Joint

In the MBD Ent|t|es TOOlbar, MED Entities =1 | A Joints ~ ,;?Fu:urcesv % Contacts ~ @ Expressions = 7,
select Joint — Revolute

g; Fixed Details of "Revolutel”
. - Definition
Set Connection Type to Iis Revolute )| T
- % Translate Coordinate System | Mo
BOdy BOdy ?, Planar -1| Base Body Information
Scoping Bethod Geametry Seladtion
. ’ % C}rlindrical Scope 1 Body
Select ‘Base’ for the Base € Spherical ©) Base
= on body Informaton
Bod ¥ Screw S R——
y E;‘,u Universal Scope 1 Body
f' ConMeloc Body Pendulum
Select ‘Pendulum’ for the 1 CMotion oo e
ACt|On BOdy W PointCurve Origin X 0 [mm]
B Qrigin ¥ 0 [mm]
9 CurveCurve Origin Z 0 [mm]
. . «@ Coupler =i/ Rotational Axis
Set Orl INn to 0 0 0 Axis Click to Change
g ™~ % Gear @) po 5
Axis ¥ 0
2 0 Axis T 1
Set Rotational Axis to 0,0,1 e
Include Motion Mo
- Friction
Include Friction Mo
3 MBD o mi |
Multi Body Dynamics A8 © FunctionBay, Inc.



Joint — Translation

al Joint

In the MBD Entities Toolbar,
select Joint — Translate

Set Connection Type to  (
Ground-Body

Select ‘Base’ for the Action
Body

Set Origin to 0,-100,0

Set Rotational Axis 1,0,0

| MED Entities %

A loints g Forces v % Contacts ~ ¢ Expressions ~

¥ Fixed

Details of "Translatel”

-l Definition
i & Revolute Connedtion Type Ground-Baody
‘g Translate Coordinate System | Mo
.f’. Planar [=1| Base Body Information
i i Baody Graund
\ Cyllnd”cal [-]| Action Body Information
'-f! 5pthiCE| Scopingblethod  Ceometn:Selagtion
F Sz 3 Scope 1 Body
3 Eody Base
& Universal = | origin
f" ConVeloc Origin Click to Change
i Origin X 0 [mm]
. CMotion ‘4 Origin ¥ 100 (mm]
W PointCurve Origin Z 0 [mm]
i_-\,? CurveCurve E'-I'ralunslai-TonaI Axis .
Axis Click to Change
@@ Coupler g) Axis X 1
ﬂa, Gear ﬁ*—- s ¥ 0
Axis Z o
Emon
Include Maotion |Ncu
[=]| Friction
Include Friction |Ncu

i MBD for ANSYS

Multi-Body Dynamics

© FunctionBay, Inc.



Simulation

1. Solve the model
2. You can see the animation

3. You will add the PID
controller for the
pendulum in the next

pages.

B =] Multi-Body Dynamics (AS)
gty Analysis Settings
-y d% Joints
I &% Revolute1
J‘ Translate1
i Standard Earth Gravity

s of "Solution (AG

@

@

27 Clear Generated Data
gl Rename (F2)

(] Group All Similar Chi

Idren

_4 Open Solver Files Directory

Worksheet: Result Su

mmary

Time = 0,00000000 Second

Play the animation

) MBD for ANSYS

Multi-Body Dynamics
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Plant Input & Plant Output

1. In the MBD Co-Simulation
Toolbar, select Plant Input

2. In the MBD Entities
Toolbar, select Expressions
— Function

3. Rename the name of the
function Expression to
ExZero and create 2 more
function expressions and
rename them to
Ex_Plantlnput,
Ex_PlantOutput

4. Input 0 for ExZero

5. Input PIN(PlantInputl) for
Ex_Plantlnput

6. Input
(AZ(Pendulum.Revolutel _
a, Base.Revolutel b)-5D)
for Ex_PlantOutput

MBD Co-Simulation | ¥ =

@ 4} Plant Input

El ----- /4 PlantInputs

———

4, Plant Qutput

Simulink Interface

o

= | Definiti| ./ Step

& Forces = % Contacts ~ @ Expressions = -

@)

R Details of | 2~ Spline

=¥ Polynomial
———————

()@ Expressions
@ - | @ Exzero
E : ﬂf Ex_PlangInput
o} @ Ex_PlantOutput

@

Function Expression

MEBD Object Information

Expressicn

é--Ground

]

Ex_PlantInput

Function Expression

MBD Object Information

Expression

E| Ground
InertiaMarker
: -Translatel_b
i.. TraForcel_b
E| Bodies

-- Pendulum

PIN(Plantinput1)]

Availakle Function List

Ex_PlantOutput

Function Expression

MED Object

Expression

é--Ground

(AZ(Pendulum.Revolutel_a, Base.Revolutel_b)-30)

é----lner‘tiaMarker
i Translatel_b

i TraForcel b
E--Bodies
--Pendulum

Available Function List

i MBD for ANSYS

Multi-Body Dynamics
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Plant Input & Plant Output

1.

In the MBD Co-Simulation MBD Co-Simulation | $i +
Toolbar, select Plant 2 Plant Input

El ----- v ‘? F‘Ianﬂnputs

Output 4. Plant Output
Simulink Interface

Select Ex_PlantOutput for
the expression

Details of "PlantQutputl”

%

g PlantOutput1

------- . ‘H\ Co-simulation

—|| Definition

Ex_PlantOutput

Ex_Planglnput
Ex7

2

MBD for ANSYS

Multi-Body Dynamics & 12
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Force — Translational Force

MED Entities & f\.JDints - : Forces = | % Contacts ~ @ Expressions = /7,

In the MBD Entities Toolbar, | # spring 5~/ Multi-Body Dynamics (A5)
I I S w221 Analysis Settings —
select Force — Tra.Force @ RotSpring | . | Standard Earth Gravity I Definition
F s Axial B f\..qunis 2 |Ccnr1necticnnType Ground-Body
& Rot.Axal E‘ (“{\ REVD';':E:E Coordinate System Ma
. \ Jogal oo | b b L 24 Marker -
Set Connection Type to @[~ TForce -y W Trandate1 =| Base Body Information
‘_' - i Marker Body Ground
Ground BOdy kel RDt'F_DrCE ‘ > E """ £ Forces | Action Body Information
%), Bushing EI ?-E;D‘FE::DFHZFEEI Scoping Method Geometry Selection
..... >
Select ‘Base’ for the Base o Bz €) [Ea [ Body
iy @ Ex_Plantinput Body Base

BOdy b o @ Ex_PlantOutput =) Origin

I'_'I ----- PlantInputs
: '“? ? Origin Click to Change

: ‘/? Plantinput1 4>
o .8 E| ----- ,/i‘ PlantOutputs Qrigin X {0 [mm]
Set Origin 0,-100,0 " Y. phontOuut origin ¥ 100 [
origin £ 0 [mm]
-|| Force
SeleCt EXTPIantInPUt for <$> F¥ Function Exp Ex_PlantInput
FX Function EXp, and FY Function Exp BxZero
select ExZero for FZFunctionBp | Bero
o -] Reference Marker
FY FunCtlon EXp and Use Reference Marker | No
FZ Function Exp
.
\ MnBBQJ%Lﬁ?E\E A 13 © FunctionBay, Inc.



Analysis Settings

Set the parameters of Analysis
Settings

EndTime = 5

Step = 200

Maximum Time Step = 0.0001

Outline B Details of "Analysis Settings"
Filter: Mame - -| Definition
: Simulation Type Dynamics
AN i 4
i -| General
Project "
= Model (A4) IN End Time 5 [zeq]
E| ..... «Eﬁ Geometry Step 200
R - w8 Pendulum —|| Parameter
P B (@ Base || [Maximum Order 2
""" w2 Coordinate Systems Maximum Time Step | 0.0001
"'* ﬁﬁ Connections Tnitial Time Step | 1E-06
3 -
Error Tolerance 0.005
- 7 Analysis Settings [ | |Integrator Type IMGALPHA
- .,/ ﬁ;u Joints Mumerical Damping 1
""" {:\‘ REVD':—'EI Constant Stepsize 1E-05
..... T tel
EI _____ .; ‘Iinrcesransa lacohian Evaluation 100
- e A TraForcel Stop Condition Mo
El ..... v Jy Expressions - Include
: ~ @ ExZero Static Analysis Mo

-«,@ Ex Planﬂnput

A - -

X

MBD for ANSYS

Multi-Body Dynamics
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Create Simulink Interface

In the MBD Co-Simulation MBD Co-Simulation | ¥gi ~
Toolbar, select Simulink Interface 4 Plant Input ‘

1 4. Plant Output
Set bel ¥4 Simulink Interface
et as pelow.

Interface Version = 2.0

Sampllng Period = 0.001 - Definition
(Set Interface Version = 3.0, Interface Version 2.0
if you use MATLAB 2016a or later) sampling Period (Control Time St&&y/| 0.001
Waiting Time [seconds) &0
Set Plant Block M-File filename Export Plant Block M-File @Clicktn Export M-File
to invertedpendulum and Plant Elock M-File filename invertedPendulum
select 'C|IC|( to Export M-File’ et Matlab Executable L:?ucatmn @la.lcktn Chan.ge- | - B |
Matlab Executable Location ChProgram Files'MATLABE 201 5a\bin'wined MATLAE. exe
. . Set Simulink Model filename Click to Change
ClICk_ ShOW in folder and Simulink Model filename (6)|inuertedpendulum r'-.-1DL|
confirm if
invertedPendulum.m is
) ANSYS Workbench - Information Y
generated (in MBD result folder)
f 0 b The Plant Block M-File “invertedPendulum.m™ was
! exported. <t

Select Click to Change and
set the Matlab.exe for Matlab @

Executable Location
($MatlabrootWbinWwin**#WMATLAB.exe)

Show in folder |l Close |

» |lnvertPgndulum » InvertPendulurn_files » dp0 » 5¥S » MECH » MEDResult

Mame " Date medified Type
Inp_L'It Simulink Model filename »" | invertedPendulum.m 2018-06-19 2:00 PM  MATLAE Code
t.O Invertelef:elgdUIuT'_M'll:l)t © invertedPendulum_m.m 2018-06-20 12:43 MATLAE Code
i WD e eleer) S Uals Wil oE Pil invertedPendulum_MDL.mdi 2017-04-24 3:05PM  Simulink Model
made in the next pages.
3 MBDforANSYS
\ Multi Body Dynamics A 15 © FunctionBay, Inc.



Amesim

Simplorer MBS:EE Gouple
MBD toransis C t to All
x Multi-Body Dynamics o n n ec 0 e
Simulation
EDEM _
Simulink
Colink

Matlab Model

1. Current Directory
2. MBD for ANSYS Host Block
3. Simulink model

B
for ANSYS .
\ Multi—Body%r;'nam\’cs 16 © FunctionBay, Inc.



Working directory

1. Select Open Solver Files
Directory

2. Select MBDResult folder

3. Copy the full path where
invertedPendulum.m is
located

4. Execute Matlab and paste the
path to Current Folder of
Matlab.

Requests

-+[E] Requesti
--( Request?

FunctionBay, ac

e
'./: Solve (F5) ‘
'_/: Evaluate All Results

#7 Clear Generated Data
dlb Rename (F2)

[:I Group All Similar Children

& | Open Solver Files Directory

Mame

ulink_Training

IManager3 invertedPendulum.m

2018-06-19 2:00 PM

s

| | CAERepOutputxml
|| file.aapresults

|| file.actres

|| MathMLseml

| | solve.out

Date moedified Type

MATLAB Code

<« SampleModels » InvertedPendulurmn »  InvertPendulum_files » dp0 »

Size

: dlink_Training A Name [

A} Standard Earth Gravity
EBV Solution (As IManager3 @ I MEDResult I 3
Insert "I L] CAERepxml :

4\ MATLAB R2015a

E

MADlEE fatatat

MName

F

F

] EII |I:I ?j' 7, New Variable | &7 Analyze Code mE E :, [}_«‘; Community
LE“-'_ IE Find Files |—|JJ? - ) \=g) {0y Preferences Q
[i» Open Variable v éf Run and Time 5} Reguest Support
New MNew Open |{-|Compare Import Save Simulink  Layout [“5] Set path Help
Script - Data Workspace [/ Clear Workspace ~ (% Clear Commands ~  Library - ~ e Add-Ons ~

<« KIRO_Simulink_Training » SampleModels » InvertedPendulum » InvertPendulum_files » dp0 » SYS » MECH » MBDResult

=]

MNew to MATLAB? See resources for Getting Started.

X

TR pate

MName

Walue

ﬂ invertedPendulum.m -
ﬂ invertedPendulum_m.m
& invertedPendulum_MDL.mdl
|=| MBDResult.log
-] MBDResult.msg
| | MBDResult.rad
| MBDResult.ran

Jx >

X

MBD for ANSYS

Multi-Body Dynamics

© FunctionBay, Inc.
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MBD for ANSYS Host Block

4\ MATLAB R2015a

HOME

1. Input invertedPendulum in

L ':::::' (i [l Find Files &

@ Nl da &5 Hs d
[z, New Variable | s Analyze Code HE
ijﬁ'. =
[» Open Variable + -~ Run and Time
Import Save e é)" Simulink
Data Workspace [~ Clear Workspace « @Cbaar(:nmmnds +  Library
VARIABLE CODE SIMULINK

Command Window + [Enter] ow e Open (. campare
2. Input makerd in the &> mEE

Current Folder

Command Window + [Enter]

MName

ﬂ invertedPendulum.m
ﬂ invertedPendulum_m.m
*& invertedPendulum_MDL.mdI
=| MBDResult.log
-1 MBDResult.msg
| | MBDResult.rad
| | MBDResult.ran
| | MBDResult.rbx
| | MBDResult.rmd
| | MBDResult.rplt
| MBDResult.rpmx

3. RecurDyn Host Block is
created

< KIRO_Sirmulink_Training » SampleModels ¥ InvertedPendulum » InvertPendulurn_files » dp

(G Command Window
Mew to MATLAB? See resources for Getting Started. x

A 1 |>> invertedPendulum

————— Recurlyn & Mat [ab/SIMULTNE ==========
%% INFO @ RecurDyn plant actuators names :
1 Plant Input1

#a% INFO @ RecurDwn plant sensors names -

1 PlantOutputi

'CZ >> makerd I

Model version :1.297
Saved in Simulink version: R2013a
Last modified by: mook

invertedPendulum_MDL.mdl (Simulink |

W

9} RecurDyn_Host_Block_8_5 * - Simulink — O X

File Edit View Display Diagram
o ~
il

RecurDyn_Host_Block_8_5

Simulation  Analysis  Code Tools )

”%E”E@Q&'Q)UD @v»wv

makerd command

RecurDyn Host Block is created by

@ @® |[PajRecurDyn_Host_Block_8_5 ¥ -
&
E3
=
RECURDYN}
= HOST
C RecurDyn Host Block
-5
Ready 100% oded3

MBD for ANSYS

\ Multi-Body Dynamics

A 18
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Simulink Model - Simulink Block

'D'a RecurDyn_Host_Block_8_5* - Simulink

1. Select Tools - Library Browser
in Simulink Window

2. Search gain in Simulink
Library Browser

Drag and Drop a Gain Block
to Simulink window where
RecurDyn Host Block is.

Connect the blocks and set
Gain to -1800

File

k2 -

Edit

View Display Diagram

Simulation

Analysis

@

Code

U -B-w 4 ®

RecurDyn_Host_Block_8_5

Tools

Help

i

Library Browser

® ||E| RecurDyn_Host_Blodk_8_5 #

)]
]|
<«

Sea

Simulink Library Browser

2

gain

rch Results: gain

<= ==Page 1of 1 (22 Blocks found)

W

<

Simulink
Commaonly Used Blocks
Continuous
Dashboard
Discontinuities
Discrete
Logic and Bit Operations
Lookup Tables
Math Operations
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
Sources
User-Defined Functions
Additional Math & Discrete
HOL Coder
Simulink 3N Animation

W

* Simulink - .5 Friction)

¥

Gain

3 PID(s) b
F'Ili.i| Cu:untru:u.ller

Rt
1 b

PID Controller (2DOF)

y £}

s(s+1)
Zero-Pole

Model Explorer

=

Run on Target Hardware

File Edit View Display Diagram Simulation Analysis Code Tools
RecurDyn_Host_Block_8_5
® |[*a|RecurDyn_Host_Block_8_5 #
s @
E3
»
1 >
= > RECURDYN
Gain HOST
=] RecurDyn Host Blodk
O
"4 Function Block Parameters: Gain
Gain
Element-wise gain (y = K.*u) or matrix gain (y = |
Main  Signal Attributes ~ Parameter Attribute
@ Gain:
—= |
[-1800 |
s Multiplication: |Element-wise(K.*u)
<
»
Ready \) Cancel

MBD for ANSYS

Multi-Body Dynamics

X
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Simulink Model - save

'D} RecurDyn_Host_Block_8_5* - Simulink
File Edit View Display Diagram Simulation  Analysi
MNew 3 —
b~ E - @ <
Select File - Save As... 3 Open.. Ctrl+0
Close 3
@ 5 Save Ctrl+5S
Save As... |
Save as —
invertedPendulum.mdl as SCU{::CC“”C' A
3 3 Save As *
Simulink Models B
I ks <« dpl » S¥S » MECH » MBDResult v 0 Search MBDResult pel
3. invertedPendulum.m and o FmmmRe DEmEEE = @
invertedPendulum.mdl will be s| O ThisPC * MName Date modified Type
used for CO—S|mu|at|on 5 J 30 Objects %3] invertedPendulum_MDL.mdl 2018-06-21 11:538 Simulink
6 [ Desktop
e || Documents
J Downloads
D Music
=| Pictures
H‘\fideos wll= N
File name: inverledPendqum_MDL.mdl w
» Hide Folders Cancel

rtedPendulum * InvertPendulum_files » dp0 » 5¥5 » MECH » MBDResult v 0 Sear
s
@ Marme Date modified Type Size
invertedPendulum.m 2018-06-19 200 PM MATLAB Code 2KB
"4 invertedPendulum_MDL.mdl 2018-06-21 11:58 Simulink Model 34 KB
3 MBDforANSYS )
Multi Body Dynamics A 20 © FunctionBay, Inc.




MEBD),

Amesim
Simplorer MBSEE€ouple
K MBDwmss Connect to All -
Imulation
/4
_‘/
Simulation
1. Simulation
2. Post (Animation, Plot)
W
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Simulation

Save the model before
simulation

Select Solve to simulate the
model

Matlab is automatically
executed and co-simulation is
performed.

After co-simulation is
completed, green check icon is
displayed. You can see the
simulation log by clicking
Solution Information.

3\, Co-simulation
-( Requests
[E Request1
Ié' Request2
ﬁi Standard Earth Gravity
lution

Solutl

Insert

Ao Resul - solve (FS)

.

</ Evaluate All Results

~] Clear Generated Data

alb Rename (F2)

(] Group All Similar Children

_ 4 Open Solver Files Directory
ﬂ? Worksheet: Result Summary

Details of "Solution Information”

B Worksheet

Filter: Mame -
21 el gl
Project

B (@] Model (A4)

% Coordinate Systems

A% Mesh

= ./{3 Multi-Body Dynamics (A5)
.,,‘ Analysis Settings

ﬂi Standard Earth Gravity

A Joints

¥ ! Forces

@ Expressions

n(AG
Solution Information

7 HesUIL tor ooay_

-| Solution Information
Solution Cutput Solver Qutput
Mewton-Raphson Residuals | 0
|dentify Element Violations |0
Update Interval 255
Display Points All

[RecurDyn V3Rl [Windows x64 Jystem 9.1.6951.0] Analysis messac
Copyright (C) 1997 - 2017 FuncticnBay, Inc. Rll rights reserw

Model file: MBDResult.rdyn [Mcodel Name: MBEDResult]

Model Verification Time Information
Build Date : Nov 21 2017
Build Time : 15:08:20

System Configuraticn Informaticn

He. Generalized Ceordinate =2
Ho. eneralized Velocity =2z
No. of Rigid Bedy =2
No. of Plant Input =1
No. of Plant Cutput =1

Finematic Degree of Freedom =2

Total array size = 35372

Total memory size for array =0 MB

Success Proceas: Array Structure Constructicn

X

MBD for ANSYS
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Post

| MBD Co-Simulation ¥~ | | MBD Post | v View = # LoadTransfer ~
n 1 hy EWer

Iﬁ Result for Body

I/l Result for Joint

Iﬁ Result for Force

In the MBD Post Toolbar, select | b Result for Contact
View — RecurDyn Viewer bV Result for Request

RecurDyn V8RS Viewer for Multi-Body Dynamics - [MBDResult]

Yace -
[ Force Display
[23] State Matrix

HUA<AEFr Y OST |/Vh;pu
emplate
Plot

Review the results in RecurDyn
Viewer

1) Animation

2) Plot

A MBDResult

& Groups
- Bodies
5.4 Ground
1§ Pendulum

P Base
& Joints
& Revolutel
& Translatel
F Forces
F TraForcel
% Couplers
9 Contacts
[E] Requests
Bl Request1
-] Request2
Ay Splines
& PP
Al

m

Pege |

Bk - aEdsr EESE x

— et - PmntOutput!
MBDResult

-Lq PPC

By PVC
AB Strings
# e

Time = 0,00000000 Second

A Ex Planginput

20
Time (s)

— X Transnans) - TeaF srce

MBDResult
o]
=)
T
g N NN
P o
.....
Time (s)

Play the animation

rd
MBD for ANSYS A 23 © FunctionBay, Inc.
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Amesim

X MBDwnss Connect to All

SimulationX
Improve the Simulink Model
1. Adding PID control block
2. POST
‘{ Mtéod;%zﬁglrig 24 © FunctionBay, Inc.



Adding PID controller

Execute Matlab

4\ MATLAB R2015a

Set the current folder of
Matlab to the full path of

: |, New Variabl
L Gf O [ FindFies &. g =

|.s7 Analyze Code mE

ICI=))

(a3 Community
E {0} Preferences k‘_’) =

[+ Open Wariable = éf Run and Time i:) Reguest Suppo

New MNew Open |1=| Compare Import Save Simulink  Layout [ Set Path Help
Script - - Data Workspace [7 Clear Workspace |::/‘} Clear Commands ~  Library - - * Add-Ong
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES
— p— —

MBDResult

MNa

Input invertedPendulum in

<+ W

Current Folder

ﬂ invertedPendulum.m
o D

» D » DDO0_WorkSpace » Training_Material » KIRO_Simulink_Training » SampleModels » InvertedPendulum » InvertPendulum_files » dp0 »

Command Window

me

> invertedPendulum
i & fld . ;

e e ST %%% IMFO © PecurDyn plant actuators names :
the command window + [Enter]  [[invertcdendulum voLmal 1 Plant Input
T esun,
j MBDR:EIt. Eg 5% INFO @ FecurDyn plant sensors names °
_ | MBDResult.@d 1 PlantOutputl

Input makerd in the ] MEDResult.
. | MBDResult.g @
command window + [Enter] ] vaokesur § [ > saverg |
j MEDResult fx > |
. J MBDResult. 3
Double CIICk g;‘?fﬂ[;l?ewﬂ. ) >ﬁimfarr:adPEndqum_I‘v‘1DL-Sirﬂu\ink - ] X
invertedPendulum_MDL.mdI Pl Recurbyn Host Block 8 5.k >® e fdt View Dipley Disgm Smulsion Amss Code Tochs e
to open it =-a Heg-E- QP A ]-@-
‘k;'ver@\:‘arl::dr:;ndulum_MDL 3 -
Add Integrator block and ® .
PR 4] ===
Derivative Block- and connect » - :_D |'
them and set Gains as below. -
P Gain = -1800 v L - RECURDYN
I Gain = -250 _ | HOST
D Gain : _200 RecurDyn Host Block
EZI -
Save the Simulink model
B
Solve the model from MBD for »
Ready 100% oded5

ANSYS

i MBD for ANSYS

Multi-Body Dynamics

© FunctionBay, Inc.



Post

RecurDyn V8RS Viewer for Multi-Body Dynarnics - [MEDResutt]

Y rrace -
[ Force Display
[:1] State Matrix

HUA<mEP B DI OTE |/\/|é:"“”‘t
emplate

Plot

In the MBD Post Toolbar, select
View — RecurDyn Viewer

MEBDResult
Time = Initial State

& Revolutel
£5% T, 1

Review the results in RecurDyn
Viewer

. X MBDResult
1) Animation

2) Plot .
o 7 o
-0.020 /

0.00 0.50 1.00 1.50 2.00 2.50 3.00 2.50 4.00 4,50 5.00

Time (s)

Play the animation
( MBDforANSYS
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Explanation about the PID control model

9} invertedPendulum_MDL - Simulink

File Edit Wiew Display Diagram Simulation Analysis Code Jools Help
Filter MName - -
- = i) ] - =] ~ (el - 3 -
- %8 Ee-E-w g b - [ @
Project invertedPendulum_MDOL
B Model (A4)
----- /A0 Geometry ® ||PafinvertedPendulum_MDL » -
----- » ;,1:._ Coordinate Systems
- A8 Connections
J@ Mesh @
= {=] Multi-Body Dynamics (A5)
‘/ivr':'\: Analysis Settings El > PlanﬂnpUt
ﬁi Standard Earth Gravity = > _E.\\
[ %, Joints /
B £ Forces Gain
- @ Expressions
=f, ? PlantInputs =] N PIantOutput
| - Plantinputy * N
= -‘/?_ PlantOutputs D . 1 > v H E cu H D Y N
e AR PlantOutputl s
e o-simulgton Gaini Integrator - HOST
G- Requests
B Sl_:_l_luﬁnn (A6) RecurDyn Hast Blodk
-/ ¥] Solution Information
Jjﬂ Result for Body_1
—plb—b duddt
Gain2  Derivative
- The angle of the pendulum calculated by MBD
for ANSYS is used as PlantOutput. It is used as | @
an output of Host block. B
. »»
- The output angle (PlantOutput) is used for the | g4, — ——

PID controller and the controlled value is used
as Plantlnput. It is used as an input of Host

Block.

MBD for ANSYS Host Block = MBD for ANSYS Model

K MBD for ANSYS

Multi-Body Dynamics

X

© FunctionBay, Inc.



Connect to All

\\ M B D for ANSYS

Multi-Body Dynamics

MBD for ANSYS

Colink

Simulink

Simulink Interface Training

ZIIH 2

Korean

English

FunctionBay, Inc. Extended Application Team
Senior Manager (mbd4a@functionbay.co.kr)

)
\ MBD 7or ansys
Multi-Body Dynamics

MEBD,
MBS:EE Gouple

uuuuu


mailto:mbd4a@functionbay.co.kr

Index

O MBD for ANSYS 2 32

MBD for ANSYS analysis project schematic 4
CAD 1t Import

Unit 2 ! Gravity M

Joint ANE|E| 4

Force AE[E| 44

Plant Input / output A4

Analysis setting

Simulink Interface 44

© N A WN R

d Matlab mEIZ

1. Current Directory A7
2. RecurDyn Host Block 4
3. Simulink 2 &

O Simulation
1. Simulation
2. Post (Animation, Plot)

0 Simulink Model Upgrade
1. Adding PID control block
2. Post (Animation, Plot)

N
\ MBD for ANSYS © FunctionBay, Inc.
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MEBD),

MBS:EE Gouple

X MBD« mss Connect to All

Multi-Body Dynamics

EDEM

MBD for ANSYS 1 &

MBD for ANSYS analysis project schematic 44 4
CAD 1<l Import

Unit &7 5! Gravity A A

Joint QI E|E[ 4/

Force QA E|E| A A

Plant Input / output 4H A

Analysis setting

Simulink Interface 24 Ad

©ONOOhWNE

\‘ BD for ANSYS
Mul 30 © FunctionBay, Inc.
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Creation MBD for ANSYS Analysis

m LMl Project Schematic
Analysis Systems

TOOlbOX O'”A-I Ml.”tl'BOdy ComponentS}'ShaTls

Dynamics analysis & A1 H CustomSystens - A

4 ysis & €S Sl | T

External Connection Systems 2 & Engineering Data v

i i i i eome 7,
Project Schematic 0f| A{ @ gl ”;'“lfgd‘;f‘;:“"? i gz dlw ?

3 ulti-bo namics odel T o4

Geometry A2 O A 2 — 5| @ seur =y
E-E-I £ IR caldina =

= T . ;

Ju

2 @ Engineering Data v o4

Pop up menu 0'I|A-| Import @ 3|O Geometry 2

1 ffox o=

— = 4@ model 8l wew SpaceClaim Geometry...
G eO m et ry B rowse = 5 @ Setup @i’ Mew DesignModeler Geometry... @ @
% E-I 6 | §8 Solution | Import Geometry » | iG] Browse...
B ' duluma t
7@ Results 53 Duplicate [ Browse from Repository... -—-l penduium.x_
Multi-Body Dynami Transfer Data From Mew 3
= = "
4. pendulum.x_t E AI_-I E_II'I o|-01 Transfer Data To New »
I t #  Update
m p O r Update Upstream Components
j Refresh
| o Reset 7
G eo m et ry A 0" A-I D |- ﬁ Elfl Rename
Properties
2 22 052 Edit _ hd A
G eom et I"y I n Add Note 2 | & Engineering Data v 4
1 = =l EI 3 Geometry v I
DGSlg“MOdeler =2 = "1 4| @ vodd £ Edit Geometry in SpaceClaim...
5 @' Setup @ Edit Geometry in DesignModeler...
5B E Salution Replace Geometry >
j 7 |@ Results 5% Duplicate
: Multi-Bady Dy Transfer Data From New 3
5 - Transfer Data To Mew 3
pendulum_CAD-file.zip g
3 MBDforANSYS )
Multi Body Dynamics A 31 © FunctionBay, Inc.



Import CAD file

A Multi-Body Dynamics - DesignModeler - O *
y 9

File Create Concept Tools Units View Help

|

|AHBE @ || Dunds @Redo |[select[*y e | R W[ W | o0~ | B
|SHEAAEaEQ S E 4wl

| W~ W~ 4~ Jiv A~ A~ A (7Y
|
|

XYPlane - )}.| None hd | :}Generate Share Topology  [FE|Parameters |J R Extrude ﬁRe\rolve @ Sweep &b Skin/Loft
[BiThin/Surface . Blend * % Chamfer B Slice Point @ Conversion |JACTDeveIopment & oA

DesignModeler 40|
A | H Generate 0|52

%— é! -C;I' I_| El'. Tree Outline ?
E----‘,@ A: Multi-Body Dynarmics
iy Fhm X¥Plane
iy 3 ZXPlane
=]
4G &l Geometry = =0l T e
%I' I_l El'. -, @ 2 Parts, 2 Bodies
DesignModeler 12 & L
o Sketching Modelingl
CI;II- I_l E|-' Details View 1
=/ Details of Import1

D2MEZ

" = View Tools Units Extensions W iy
M (Save) L. 0 - ™ wisononana
Open... 2 @ Engineering Data v
Project SchematicOf| A{ 3 | @) Geometry v
Model Alo| Ot A 32| & seess. 4+[@ wocel =]
g = =
401 Af EditS = SLICt TET
] Solution g} Editin Read-Only Mode...
7 @ Results E3 Duplicate
Multi-Body Dy Transfer Data From New 3
Transfer Data To Mew »
F  Update
™
& MBD g A © FunctionBay, Inc.




Set unit, change geometry names, creation gravity

@ A Multi-Body Dynamics - Mechanical [AMSYS Mechanical Enterprize]

Units 0|+ 0| A Metric
(mm, kg, N, s, mV, mA)
2 Hyg

Outline 0| A Geometry
0|5 H4. Pendulum,
Base

Outline2| Multi-Body
DynamicsOjj A] O A £
=28 T, EY o0l
Insert — Standard Earth
Gravity = &l

Direction
o= M

= -Y Direction

File Edit View | Units Tools Help @9
I Show Vertices.  Metric (m, kg, N, 5, V, A)
?f (¢ ResetE Metric (cm, g, dyne, 5, V, &)

Metric (mm, kg, M, 5, mV, mA)
Metric (mrm, t, M, 5, mV, mA)
Metric (mm, dat, M, 5, mV, mA)

Metric (um, kg, uM, 5, V, mA)
CQutline .5, Customary (ft, lbm, Ibf, °F, 5, V, A)
Filter MName .5, Customary (in, lbm, Ibf, °F, 5, V, A)

21 A Degrees

Solution ﬁd
MBD Entities S

ACT Development

Project v Radians
B [ Model (£
E| ,,fﬁGem v rad/s
P Eey 6 RPM
- B

./i'{.*- Cooi| ¥ Celsius (For Metric Systems)
Kelvin (For Metric Systems)

) -
Zf Solve - Filter: Mame ~

1= = e gl
Project
f - Model (A4)

L Geometry
i [ Gt Pendulum
: 'x [f Base

I ----- . Coordinate Systems
-------- Connections

........ (% Mesh

TR T

®

;lz] Multi-Body Dynamics
v WA ) Analysis Settings Insert 4 m Standard Earth Glﬁ‘l"i't_"f

E| ----- > Joints

- 4 Revolute =} Solve (F5) S Bodies
ez > ®. Trandlatel = . % Contacts
: i Duplicat
-y f Forces B LEpE=E
: 5""{"' TraForcel 7 Clear Generated Data
E| ----- % Expressions
; i ExZero dlb Rename (F2)
-1| Scope
Geometry All Bodies
-1| Definition

¥ Component
¥ Component
Z Component

Suppressed
@

Coordinate System | Global Coordinate System

0. mm/s® (ramped)
-9306.6 mm/s* (ramped)
0. mm/s® (ramped)

Ma

-Y Diirection ll

X MBD for ANSYS

Multi-Body Dynamics

A 33
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Outline | =0 A
Contacts A1EH

A H 450l A Delete A Ef

ol 2= O|= 0=
HH=SHX] 7] fIsiM =
Mechanical®| Auto Detect
Contact on Attach S0
HAE Sl A|. (Workbench

0| A{ Tools — Options... )

Delete Contact Region

Filter: Mame -
24> B B gl
Project

B Model (A4)

2(=] Multi-Body Dynamics (A5)
VA Analysis Settings
Solution (A6)
,//m Solution Information

@

m-

I\ Unsaved Project - Workbench

Create... 4
Insert 4

o

=4 Create Automatic Connections
=4 Check Overlzpping Contact Regions

Suppress
Disable Transparency

G, Search Connections for Duplicate Pairs

> (EEE

¥ Delete Children

ab Rename (F2)

dlh Rename Based on Definition

27 Group (Ctrl+ G)

- - —’ r[\ Cptions

File  View Units  Extensions Jobs Help

Reconnect
Refresh Project
Update Project

Project Management
Appearance

Regional and Language Options
Graphics Interaction

ournals and Logs

date Project

Analysis Sy License Preferences...

Release Reserved Licenses. .

=

Componen|
Custom Sys

| B

Design Expl

Multi-Body Dynamics

m

& Multi-Body Dynamis

Project Reporting
Solution Process

Design Exploration
Repository

agukic

Microsoft Office Excel

Restore Defaults

uto Detect Contact On Attach

Save Mesh Data In Separate Fle

Release License for Pending Jobs
On Demand hd

™ Maximize Design Point Performance
Design Points
¥ During a design point update, periodically restart the Mechanical application
Mumber of design points to update before restarting the Mechanical application
1
Parallel Processing

[~ Limit Number of Cores for Data Mapping and Post-Processing

[

X

MBD for ANSYS
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Joint Creation — Revolute Joint

MBD Ent|t|es TOOIbarO'”A'I MED Entities %= | A Joints = | F Forces + % Contacts ~ @ Expressions = 4,
Joint — Revolute £ &l

;; Fixed Details of "Revolutel” 7
0 . -] Definiti
Detall QO'”A-I COnneCtlon I‘:‘r Revolute 2 ICor::le:::I;nType Body-Bady I _—
o _ % Translate Coordinate System | Mo i
Type = BOdy BOdy E ,,, Flanar -1| Base Body Information
E 7o:| % C}r“ndrical zzzzlerm [ethod feaz::tr\t Selagtion
. Spherical C3> Body Base
= on body Informaton
Base Body Z 'Base’ ¥ Screw ST ———
G t y A.I el fa"j Universal Scope 1 Body
eome ry . f ConNVeloc 4_ cB;:;;grtn Pendulum
.. CMotion Origin Click to Change
Action Body £ ‘Pendulum’ @ rointcuve ()} Orant o
“9 CurveCurve —
eOmetry Ad E—Illl 9 Origin Z 0 [mm]
o = iona is
G @ Coupler Rotational Ax
. ) % T Axi;dsx ;Iickto Change
Orlgln % 0,0,0 oz E”g @> Axis Y 0
Axis T 1
-1| Motion
Rotational AxisZ 0,0,12 & _findude Mofion _[No
AE-I IO-I Include Friction Mo
3 MBD s
\ Multi—Body%r;'nam\’cs A 35 © FunctionBay, Inc.



Joint Creation — Translational Joint

MBD Entities TOOIbarO'”A'I MBD Entities % | /A Joints v | § Forces = % Contacts * ¢ Expressions = ¢,
Joint — Translate =&l

? Fixed Details of "Translatel” a

Detail £ 0j|A] Connection @:} Revolute S — |
Type 2 Ground-Body = , Translate

Coordinate System | No

H:' 7:| ;_n,. Planar -|| Base Body Information
. . Body Ground
B % Cyllnd”cal -|| Action Body Information
€ Spherical Scopinghlsthod . GeometneSelecion
. Scope 1 Body
Action Body Z ‘Base’ ; e B Base
Universal igi
A EH Origin
Geometry d -1 ﬁ" ConNeloc Origin Click to Change
1 . Origin ¥ 0 [mm]
~~ CMotion Origin ¥ 100 [mm]
W PointCurve Origin Z 0 [mm]
. . w - '-I'ranslat-TonaI Axis
Origin L] 0,-100,0 oz 9 CurveCurve Axis Click to Change
— I [ B C |
MK oupler C Axis X 1
= c; % Gear 5> s ¥ 0
Axis T 0
. . -|| Motion
Translational Axis£Z 1,0,0 indude Motion _[No
| Fricti
o E A—I I—I II'I on _
—_— = o neclude Friction Mo
2 MBDforANSYS .
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Simulation

Solve £ Sl Al=d||0[H
ofiLimjold=S =2l “ts

Ct= M| O X| 0| A =
Pendulum= st
PIDH|O17| & =7}t
AL

E =] Multi-Body Dynamics (A5)
Zjl Analysis Settings

By

s of "Solution (AG

@

Joints
l ----- v A, Revolutel

2 o ‘ Translate1
i Standard Earth Gravity

@

27 Clear Generated Data
gl Rename (F2)

(] Group All Similar Children

_4 Open Solver Files Directory
Worksheet: Result Summary

Time = 0,00000000 Second

Play the animation

) MBD for ANSYS

Multi-Body Dynamics
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Plant Input, Expression /4

MBD Co-Simulation
Toolbar0f| A Plant Input

==l
= =

MBD Co-Simulation | ¥ =

@ 4} Plant Input

= 7). Plant Output

Simulink Interface

E|,/ ..... ﬁ

J Plantinputs

MBD Entities ToolbarQj| A - .
. . & Forces = % Contacts v | @ Expressions = - B Jf' Expressions
Expressions — Function I sy =TT

==l
= =

Expression 0| 5= ExZero

E ch;;-é—l_ﬂ, Function @ Function Expression by
Expression= 27f| 4 Ot= —— ““B[:f:ll“*mt

2, Ex_PlantInput, [N £ Ground

Ex_PlantOutput@ £ 0| & X

R Details of | 2~ Spline

= | Definiti| ./ Step

=¥ Polynomial
———————

E i@ Ex_PlangInput
4@ Ex_PlantOutput

— @ Function Expression
HE

MBD Object Information Expressicn
Ex_PlantInput - Model PIN(Plantinput1)|
O (@) E| G_rouncl
EXZGFO |=l E—=||g-(}” O |=I E—:|| . InertiaMarker

i Translatel_b
i . TraForcel b

Ex_Plantlnput & =& 0 1 Bodies
©)

i & Pendulum Availakle Function List

PIN(PlantInputl) 2! = ® A— x

MBD Object Expression
Ex Pla ntoutput OI:I E_=|I g- O.” Ex_PlantOutput L-;:ﬁl_o_;éf (AZ(Pendulum Revolute1_, Base.Revolutel_b)-5D)
= - Ground

InertiaMarker

(AZ(Pendulum.Revolutel _ e
a, Base.Revolutel_b)-5D) ik

--Pendulum Available Function List

ol 24 g
H .

i MBD for ANSYS
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PlantOutput /4

1. MBD Co-Simulation MBD Co-Simulation | $gi + By .yphnﬂnp._,ts
Toolbar0f| A] Plant Output 4 Plant Input WA 47 i-ntinout L

= e B g ElantOutputs
= é! 4. Plant Output ¢ - AR, PlantOutputl
Simulink Interface - » ‘H't Co-simulation

2. Detail & 0f| Al Expression
© 2 Ex_PlantOutput &

Details of "PlantQutputl” a
=I| Definition
Ex_PlantOutput M

Ex_PlantInput

@ ExZercn

‘{ MBD for ANSYS
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Force Creation — Translational Force

MED Entities & f\.JDints - : Forces = | % Contacts ~ @ Expressions = /7,

MBD Entities Toolbar 0| A ¥ Sprin El--,{=] Multi-Body Dynamics (A5)
¢ apnng - T v Analysis Settings —
Force — Tra.Force =&l &) RotSpring | .. | Standard Earth Gravity =1 Definition
.! Axial Bl f\.qunis 2 |Ccnr1necticnnType Ground-Baody
i ) @ Rot.Axal E‘ fﬁ_‘up‘e"c’l;t:r:w Coordinate System Ma
Detail & 0f|A{ Connection (g oo 5% Trandote! -1 Base Body Information
(@) - -=r - e Marker Body Ground
Type —E Ground BOdy W RDt'F_DrCE —|_> E """ f Forces -1/ Action Body Information
AI_'| E_l'll ) Bushing EI J?B-E;D‘FE::DFHZFEEI Scoping Method Geometry Selection
..... »
(Jf ExZero Scope 1 Body
. , , o Ex_Plantinput @> Body Base
Action Body Z '‘Base # BPntoupst | Tomar
y 5] ?‘;I tInputs Origin
----- antInpu
Geometry A EH Y By Plntinputt Origin Click to Change
E| ----- ,/i' PlantCutputs 4) Origin X 0 [mm]
/A, PlantOutput1 Origin ¥ 100 [mm]
Orlgln 0 100 0o°S=z Origin 7 0 [mm]
SpSl -]/ Force
= O <$> F¥ Function Exp Ex_PlantInput
F¥ Function Exp ExZero
Force Expression Of| A FX F2FundtionBxp___| Bxero
. -] Reference Marker
FunCtlon EXp E Use Reference Marker | No
Ex_PlantInput M EH,
L}H X| = ExZero AlEH
2 MBDforANSYS
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Analysis Settings

1.

Analysis Settings 2| Details
Of A CfZat 20| 23

Outline B Details of "Analysis Settings"
EndTime =5 Filter:  Name v -/ Definition
= 5 Simulation Type Dynamics
Step = 200 A B el —— /
. . -|| Genera
Maximum Time Step = 0.001 Project _
= Model (A4) IN End Time 5 [zeq]
E| ..... «Eﬁ Geometry Step 200
R - w8 Pendulum —|| Parameter
P B (@ Base || [Maximum Order 2
""" w2 Coordinate Systems Maximum Time Step | 0.0001
"'* ﬁﬁ Connections Tnitial Time Step | 1E-06
3 -
Error Tolerance 0.005
- 7 Analysis Settings [ | |Integrator Type IMGALPHA
- .,/ ﬁ;u Joints Mumerical Damping 1
""" {:\‘ REVD':—'EI Constant Stepsize 1E-05
EI _____ .;"‘Iinrce:rans atel lacohian Evaluation 100
- e A TraForcel Stop Condition Mo
El ----- », Jf Expressions o Include
: ~ @ ExZero Static Analysis Mo
-«,@ Ex Planﬂnput
AT - -l -~ '
3 MBDforANSYS ;
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Simulink Interface

MBD Co-Simulation MBD Co-Simulation | ¥, -
ToolbarQj| A| Simulink Interface 4 Plant Input ‘

e 1 4. Plant Output
= ¥4 Simulink Interface

otz et 0| 27

Interface Version = 2.0 - | Definition
Sampllng Period = 0.001 Interface Version 2.0
(MATLAB 2016a O|Ao| HA S sampling Period (Control Time St¥&y| 0.001
22CHH Interface Version = 3.0) Waiting Time (seconds) 60
Export Plant BElock M-File @Clicktn Export M-File
PIant B|OC|( M—File filename % Flant Block M-File filename. inT.rertEdFlendulum
invertedPendqumQE g;g _—é':, et Matlab Executable L:?ucatmn @la.lcktn Chan.ge- | - I |
"C“Ck to Export M-File" =7 |"-."|EIt|E.Ib E:-fcecutable Ln.catmn C:.\,F‘rngram Files \MATLAB\R200 Sa'binwined MATLAE. exe
= = Set Simulink Model filename @I&ktn Change |
Simulink Model filename invertedPendulum_MDL

Show in folder& =t

invertedPendulum.m I} ! 0|

AH A'l El 0122 §I‘O| AMSYS Workbench - Information =
o O MO =2 /| -

(MBD result 2 0f L0{0F &)

f 0 , The Plant Block M-File “invertedPendulum.m” was

Ly exported. <
Click to ChangeZE =1 @ _
Matlab Executable Location Sronneiss || Cose ]
O 2 Matlab.exe lel M X » InvertPgndulum » InvertPendulum_files » dpl » 5Y¥5 » MECH » MEBDResult
—_— . T = O
($Matlabrootitbin¥twin**WMATLAB.exe) Name - Date modified Type
. . . o | invertedPendulum.m 2018-06-19 2200 PM  MATLAE Code
Simulink Model filename 2 2 T —— 1E.06.90 1247 MATLAE Code
invertedPendqum_MDL )élxc;l " invertedPendqum_MiJL mdl _:I_:_U -“-'_“:JF'H ':.ir"l_'|'I|i'I_'|l' f‘hh:h’IEI
(MBD result Z2H0| {00} &) = - ST A
3 MBDforANSYS
\ Multi Body Dynamics A 42 © FunctionBay, Inc.



MEBD),

MBS:EE Gouple

Amesim
Simplorer

X MBDwass Connect to All

Multi-Body Dynamics

SimulationX

EDEM -
Simulink

Colink

Matlab Z =&l

1. Current Directory &
2. RecurDyn Host Block 44/
3. Simulink 2 2! 2l

i MBD for ANSYS

Multi-Body Dynamics 43 © FunctionBay, Inc.



Set working directory

1. Outline oA Solutions 9|

oA O=7]

A 228

2. AYEl EFMT|0| A MBDResult

=
=
=

3. invertedPendulum.m I}2 0|
EXots EH B2 & A

4. 3B0|N ZAR H2E
Matlab2| Current FolderoO|
=0 &1 2

N

O
| 22

Ol w0l A{ Open
Solver Files Directory = E|

Requests

-+[E] Requesti
--( Request?

<« SampleModels » InvertedPendulurmn »  InvertPendulum_files » dp0 »

s

: dlink_Training A Name [
A} Standard Earth Gravity
e olution (A& IManager3 @ I MEDResult I 3
iy Insert 4 -
b 1 FunctionBay, ac L| CAERepaml “
=} Solve (F5) | ] CAERepQutputxml :
| ' .
P file. It :
=/ Evaluate All Results | fileaspresults

|| file.actres :
#7 Clear Generated Data [ MatMLxml 5
#lb Rename (F2) ® [ solve.out g

[:I Group All Similar Children

| Open Solver Files Directory

L
\SYS\MECH\MBDResulj R¥!
Fa
ulink_Training ~ MName Date moedified Type Size
IManager3 invertedPendulum.m 2018-06-19 200 PM  MATLAB Code 2KB

4\ MATLAB R2015a - O X

ﬂ invertedPendulum.m -
ﬂ invertedPendulum_m.m
& invertedPendulum_MDL.mdl
|=| MBDResult.log
-] MBDResult.msg
| | MBDResult.rad
| MBDResult.ran

Jx >

] EII II:I r New Variable Analyze Code mE n e Community
|'_f'|]£ ?j IE Find Files J‘jz ‘jﬁl = Ij \=a) E {0} Preferences @ 5
Ij_:'z Open Variable « éf Run and Time 5} Request Support
New Mew__ Open IE'_‘ Compare  Import Save Simulink  Layout ﬁ Set Path Help
Script - Data Workspace W Clear Workspace « L’ifg Clear Commands ~  Library - - i Add-Ons -
E MARLAELE COn N n =
<« KIRO_Simulink_Training » SampleModels » InvertedPendulum » InvertPendulum_files » dp0 » SYS » MECH » MBDResult | P
Ot X
Mame MNew to MATLAB? See resources for Getting Started. X | Name Value

X

MBD for ANSYS

Multi-Body Dynamics

A 44

© FunctionBay, Inc.




MBD for ANSYS Host Block

M
o

4\ MATLAB R2015a

]
EU Ul do &5 ks <
~ New Variable Analyze Code ]|
o O3 = L a8
[l Open Variable + é)" Run and Time
Import Save Simulink
Data Workspace [~ Clear Workspace « @Cbaar(?.omrnands +  Library
VARIABLE CODE SIMULINK

HOME
Command Window 0 L Gf L [ rndries
invertedPendulum = Now NewOpen || compare
% E_:'|-6_|-—TI— Olll E-I FILE

Current Folder

Command Window 0| makerd
= Y5t 2lE

MName

ﬂ invertedPendulum.m
ﬂ invertedPendulum_m.m
*& invertedPendulum_MDL.mdI
=| MBDResult.log
-1 MBDResult.msg
| MBDResult.rad
| MBDResult.ran
| MBDResult.rbx
| MBDResult.rmd
| MBDResult.rplt
| MBDResult.rpmx

Simulink Block window 7}
A [ HA| RecurDyn Host
Block O| AHAd

< KIRO_Sirmulink_Training » SampleModels ¥ InvertedPendulum » InvertPendulurn_files » dp

(G Command Window

Mew to MATLAB? See resources for Getting Started.

A 1 |>> invertedPendulum

Recurbyn & Mat [ab/STMULTHE
Xk INFO -
1 Plant Input1
Xk INFO -
1 PlantOutputi

RecurDyn plant actuators names -

RecurDyn plant sensors names

(2 >> makerd

Model version :1.297
Saved in Simulink version: R2013a
Last modified by: mook

invertedPendulum_MDL.mdl (Simulink |

W

9} RecurDyn_Host_Block 8 5 * - Simulink

File Edit View Display Diagram

= -3

RecurDyn_Host_Block_8_5

Simulation

Analysis

"Ea e 4@ P

- [m] X

Code Tools )

@v»wv

Makerd
RecurDyn Host Block Of

§ gasic 222 NE

MBD for ANSYS

\ Multi-Body Dynamics

A 45

@ |[PalRecurDyn_Host_Block_8_5 ¥ -
&
3
=
RECURDYN}
= HOST
n RecurDyn Hest Block
-5
Ready 100% oded5

© FunctionBay, Inc.




Simulink Block A A

'D'E RecurDyn_Host_Block_8_5* - Simulink @
File Edit View Display Diagram Simulation Analysis Code | Tools  Help
. . . = i) — s o A28 Library Browser I-
Simulink Window 0| A Tools — = | % ~ ek AM=RMECREC) [I'i VIR
Library Browser = 2! RecurDyn_Host_Block_8_5 p

® ||E| RecurDyn_Host_Block_5_5 #

=

Run on Target Hardware »

Simulink Library Browser 0f| A

in 9lad & 74 AH
gain g = O|'0:| (= Ry | B& Simulink Library Browser - O x % o _ o .
2 File Edit View Display Diagram Simulation Analysis Code Tools
. <2 ] gain VI-"“‘ -t r 3 2 > - -
o
Gain Block & RecurDyn Host R
L O Search Results: gain ecurDyn_Host_Block_8_
BlOCk O-” (ADAI: Tl X| E Drag & << >>Page 10f 1 (22 Blocks found) ® |[*a|RecurDyn_Host_Block_8_5 #
DI"Op ~  Simulink » Simulink - ...s Friction) "~ o}
Commaonly Used Blocks i
Continuous > Ed ~
Dashboard > 1_. > = > D > RECURDYN
Discontinuities G . Gain HOST
" O] 7S _ (@) M X Discrete &in
Galn —-| HA = 1800 —E = O Logic and Bit Operations [ ] = RecurDyn Host Block
Lookup Tables ) PID{s) »
Math Operations | | O
Model Verification PID Controller "k Function Block Parameters: Gain
Model-Wide Utiities cai
Ports & Subsystems 3 Ref an
Signal Attributes FID(s) D Element-wise gain (y = K.=u) or matrix gain (y = |
Signal Routing
Sinks PID Controller (2DOF) Main  Signal Attributes ~ Parameter Attribute
Sources [ ey | ain:
User-Defined Functions p 1) - e '|_ i
Additional Math & Discrets | slstl) | - el
:'_DL It':l:llcdsltfl.ﬁ . o Zero-Pole " " Multiplication: | Element-wise(K.*u)
Sl MmAnnn
£ > £ > <
»
. 9 cance
M B D for ANSYS )
\ Multi Body Dynamics A 46 © FunctionBay, Inc.



Simulink 22! X%t

'D} RecurDyn_Host_Block_8_5* - Simulink

File Edit View Display Diagram Simulation  Analysi

New 3 —
=R
Save As... £ &l 3 Open. Ctrl+0 ©
Close 3
@ 5 Save Ctrl+5
T o Save As...
o2 d invertedPendulum.mdl = '
Save as type : Simulink Models SC{;E‘CCH”C' A\
Save As *
(*mdl) © 2 X% :
I ks <« dpl » S¥S » MECH » MBDResult v 0 Search MBDResult pel
p{ CQrganize = MNew folder == - e
invertedPendulum.m 1} S| O This PC A Name Date modified Type
Inverted Pendulummdl El_% Ol o J 3D Objects % invertedPendulum_MDL.mdl 2018-06-21 11:58 Sirmulin
X|EHMOo 2 Co-Simulation O o Deker
A'—-Q-EI — || Documents
= = ‘r Downloads
D Music
=| Pictures
H‘\fideos wll= N
rienme | IR _____________
Saveastype:IETm-uI;k-M?d;s-(*:n;]---------------------------------VI
» Hide Folders Cancel

rtedPendulum * InvertPendulum_files » dp0 » 5¥5 » MECH » MBDResult v 0 Sear
Fal
@ Marme Date modified Type Size
invertedPendulum.m 2018-06-19 200 PM MATLAB Code 2KB
"4 invertedPendulum_MDL.mdl 2018-06-21 11:58 Simulink Model 34 KB

K MBD for ANSYS

Multi Body Dynamics A 47 © FunctionBay, Inc.




MEBD),

Amesim
Simplorer MBSEE€ouple
K MBDwmss Connect to All -
Imulation
/4
_‘/
Simulation
1. Simulation
2. Post (Animation, Plot)
W
 MBD s " © FunctionBay, Inc.



Simulation

Simulation &}7| Mof & XXt

Outline Of|A| Solution OfA
? 29 Hr0lA Solve 25

Matlab O| X}z o2 AlsHg|d
X Co-simulation

SjA{0] Q= T|B SA A3

OfO| 22 2 H}3| 13, Solution
Information 2 22| s}H A

Z10t0f| tiet 238 = = US

4

e g, Co-simulation

- Requests

IE' Requestl
/B Request2
A, Standard Earth Gravity
Solution

»
/ Solutl Insert
o Resfl = Soive (F5) |

.

</ Evaluate All Results

~] Clear Generated Data
alb Rename (F2)

(] Group All Similar Children

_ 4 Open Solver Files Directory
ﬂ? Worksheet: Result Summary

Details of "Solution Information”

Worksheet

-1 Solution Information

Filter: Mame -
" . Solution Output Solver Qutput
Al ‘DD_ el él Mewton-Raphson Residuals | 0
Project |dentify Element Violations |0
= Model (A4) Update Interval 255
- M Geometry ; -
»5% Coordinate Systems Display Paints All
(@ Connections
- A Mesh
El,=] Multi-Body Dynamics (AS)

Analysis Settings

- A}, Standard Earth Gravity
-4 d% Joints

o ! Forces

- @ Expressions

o ‘? FlantInputs

‘/?_ PlantOutputs

- g Co-simulation

-+[E] Requests

[RecurDyn V3Rl [Windows x64 Jystem 9.1.6951.0] Analysis messac
Copyright (C) 1997 - 2017 FuncticnBay, Inc. Rll rights reserw

Model file: MBDResult.rdyn [Mcodel Name: MBEDResult]

Model Verification Time Information
Build Date : Nov 21 2017
Build Time : 15:08:20

System Configuraticn Informaticn
HNe. of Generalized Ceordinate
No. of Generalized Velocity
No. of Rigid Bedy
No. of Plant Input
No. of Plant Cutput

[T TR A
]

Finematic Degree of Freedom =2

3972
0 MB

Total array size
Total memory size for array

Success Proceas: Array Structure Constructicn

MBD for ANSYS

Multi-Body Dynamics

X

A 49

© FunctionBay, Inc.



Post

| MBD Co-Simulation ¥~ | | MBD Post | v View = # LoadTransfer ~

RecurDyn Viewer
il Iﬁ Result for Body
I/l Result for Joint
Iﬁ Result for Force

MBD Post Toolbar 0| A View — — LR
RecurDyn Viewer 2 & — v Result for Request

Recu rDyn Vlewer 0" A-I POST 5é)s RecurDyn V8RS Viewer for Multi-Body Dynamnics - [MBDResutt]
2ol
1) oj4oold
2) Plot

HUA<AE PRI OTE

GRS 2 DR C

|| MBDResult
Time = Initial State

m

Page |

Wkl - wE e s @ &£ &

— et - PmntOutput!

MBDResult

N N
R 7| & % DE &
=
P— [ /S
" “ - “ Wr::p[s) e e
Play the animation
v
MBD s Acs0 © FunctionBay, Inc



Amesim

X MBDwass Connect to All

Multi-Body Dynamics

Simulink Model Upgrade

1. Adding PID control block
2. POST

)
\ MB for ANSYS

ti-Body Dynamics 51 © FunctionBay, Inc.



Adding PID controller

MatlabS AlSH

4\ MATLAB R201

5a

it M=y -, New \Variabl Analyze Cod B (™ Ci ity
2 MBDResult = ETI V| EE (S o7 g Lg] Find Files &l I} i Tow vanie I_\‘? revee ode '.H_‘—‘.I E {0} Preferences U {5 Commin
’ = o = New New Open Ci Import Save £ Open Variable ~ éf Run and Time Simulink  Layout [ Set Path Help ':DRequest Sueg
| Compare a
() Script  w - & ’ Data Workspace Clear Workspace w [ Clear Commands ~  Library - - Add-Ons
== iz L
MM I'l 2 FILE VARIABLE GODE SIMULINK ENVIRONMENT RESOURGCES
= O <9 M » D » DDO0_WorkSpace » Training_Material » KIRO_Simulink_Training » SampleModels » InvertedPendulum » InvertPendulum_files » dp0 »
Current Folder Command Window
. MName »> invertedPendulum
3. Command W|ndOW O'" ﬂnwerledl’endulumm T E e R
° - e ##% INFO : RecurDyn plant actuators names -
invertedPendulum ¢} 25} 1 1 Plant Input
5% INFO @ FecurDyn plant sensors names °

ol Ef

ofl

—

Makerd Q|245}10 QllE
invertedPendulum_MO|.mO|

= H= 28010 2E

[ Pl
|*& RecurDyn_|

Library Browser0j| A| Integrator
block, Derivative Block 7|5t
s J2laf ZH0| Block &St
Gaingts 248

P Gain = -1800

I Gain = -250

D Gain = -200

-250

-200

Simulink 22! Save

MBD for ANSYSOA] 2 EI-S
CtAl Al=2|0[4 (Solve)

_l MBDResuIt =g
| MBDResult.gd
| MBDResult.

| MBDResult.g
| MBDResult.

| MBDResult.g
| MBDResult.g
| MBDResult. 3
| MBDResult. 3 B

-1800

»@ >ﬁimfarr:adPEndqum_I‘v‘1DL-Sirﬂu\ink — [m] x
Host_Block_8 5.l File Edit View Display Diagram Simulation Analysis Code Tools Help
| = — . —
k-8 8- E- 40P N-w  ]1-0-
invertedPendulum_MDL
@® |/"&|invertedPendulum_MDL b -
® .
EEC >
<
1 1
= o e
E‘
EXN - g
<
HOST
RecurDyn Host Block
E
<
.-
»
Ready 100% oded5

1 PlantOutputl

@

> makerd
x> |

i MBD for ANSYS

Multi-Body Dynamics

© FunctionBay, Inc.



Post

RecurDyn V8RS Viewer for Multi-Body Dynarnics - [MEDResutt]

Y rrace -
[ Force Display
[:1] State Matrix

HHA<Er KD OST |/\/ S
| Template
CEERY” - CH TS et

1. MBD Post Toolbar 0| A View —
RecurDyn Viewer =

A’ MEDResult

AF Groups
-0 Bodies
¥ Ground

MEBDResult
Time = Initial State

@ Revolutel
£5% T, latal

Of L| 0| O] M

— MBDResult

1
2. Plot
0.020
0.010
0.000 /
-0.010
-0.020 /
>~ -0.030
-0.040 /
-0.050 /
-0.080 /

-0.070 /
-0.080 /

-0.0%80
0.00 0.50 1.00 1.50 2.00 2.50 3.00 2.50 4.00 4,50 5.00

Time (s)

Tine = 0,00000000 Second

Play the animation

MBDforANSYS A 53 © FunctionBay, Inc.

Multi-Body Dynamics



A CE
= C

g1 - Ao 2

Filter: Mame -

21 b B el gl
Project

B Model (A4)

----- ,,Jﬁ Geometry

(,1\ Coordinate Systems

- A8 Connections
e BB Mesh

Elw{__j Multi-Body Dynamics (A5)

9} invertedPendulum_MDL - Simulink
File Edit

- 8

invertedPendulum_MDL

View Display Diagram

Simulation

Analysis  Code

CEe-EH-w G ® b

Tools  Help

Ao 1»@-

& |[*&|invertedPendulum_MDL »

N Analysis Settings

- A} Standard Earth Gravity
H- v Joints

[ f Forces

- @ Expressions

I'_—'I » ? PlantInputs

e A PlantInputl
= -ﬁ_ PlantOutputs
'/?_ PlantOutputi

e o-simulgTon

b E e

>

h J

L~

Gain

B @

h
+

N Plantinput

¥

h J

>—b 1
s

Gaini Integr ator

¥
T

RECURDYN

HOST

PlantOutput

& [E] Requests
B, Solution (A6)
i I W] Solution Information

fli\/ Result for Body_1

- MBD for ANSYSO|| A A A=l Pendulum 9|
Zt &£ = PlantOutput £} 2 2 A{, Host Block2|
OUtpUtOS 2 A = =

- O|ZA & & Zt = (PlantOutput)Z 0| &3}0]
PID E5°2 2 XN 0=l /2 Plantinput £ A
Host Block @ 2 /& El. (MBD for ANSYSQ|
Plantinput@ 2 A{ &= &)

_Pb_’ duldt

Gain2 Derivative

RecurDyn Host Blodk

= E

»

Ready

100%

oded3

MBD for ANSYS Host Block = MBD for ANSYS Model

MBD for ANSYS

Multi-Body Dynamics

X

X

© FunctionBay, Inc.



