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WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

Chapter

Getting Started

This tutorial describes how co-simulation between RecurDyn and AMESim can be performed
using the Functional Mockup Interface (FMI) method. RecurDyn handles kinematic analysis,
and AMESim handles hydraulic system analysis, and these two analyses are co-simulated.

The model to be covered in this tutorial is a wheel loader vehicle model, which models the
hydraulic actuator using AMESim and performs co-simulation with RecurDyn for steering
control of the wheel loader.

Objective

This tutorial covers the following topics:

How to create General Plant Input and Output in RecurDyn

How to set up the environment of RecurDyn General CoSim FMI

How to model AMESim Interface Block

How to set up the environment of AMESim FMI

How to perform co-simulation of the General CoSim FMI between RecurDyn and AMESim

How to review the results with post-processing in RecurDyn
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Prerequisites

* This tutorial is intended for users who have completed the basic tutorials provided with
RecurDyn. If you have not completed these tutorials, then you should complete them
before proceeding with this tutorial.

* The software for AMESim and Compiler must be installed to proceed with this tutorial.
This tutorial is based on AMESIim 2017 and Microsoft Visual Studio 2012 is used as a
compiler. Specifically, for AMESIim 2017, only up to Microsoft Visual Studio 2012 is
supported, and the higher versions are not supported.

Procedures

This tutorial consists of the following tasks. The following table outlines the time required to
complete each task.

(* The time required may vary depending on the specifications of the computer and the
proficiency of the user.)

Task Duration
(minutes)

Modeling of General Input and Output in RecurDyn 10
Setting General CoSim FMI in Master Mode of 30
RecurDyn

Setting General CoSim FMI in Slave Mode of 30
RecurDyn

Result Analysis 10
Total 80

4, 3
=’ Estimated Time to Complete
80 minutes




WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

Chapter

Modeling of General Plant Input
and Output in RecurDyn

Task Objective

Learn how to create Plant Input and Output in RecurDyn.

"/ Estimated Time to Complete

10 minutes
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Opening the Model

To copy the example model

= Copy the FMI (AMESiIm) tutorial example folder provided by RecurDyn to an analyzable
location.
Folder path: <Install Dir>\Help\Tutorial\Contro\NAMESim\WheelLoader

To run RecurDyn and open the initial model:

1. On the Desktop, double-click the RecurDyn icon to run RecurDyn. The Start
é RecurDyn dialog window will appear.

RecurDyn

When the Start RecurDyn dialog window appears, close it.
In the File menu, click Open.
In the example folder copied above, select WheelLoader_Start.rdyn.

Click Open. The model appears as shown in the following figure.

N

In the File menu, click Save As and save the file as WheelLoader_FMI.rdyn.

Tip: You need to specify the folder name so that there is no space in the path to save
the model, so there is no problem in Co-Simulation process.
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To analyze the model configuration:

g 1. In Render Toolbar, select Each Render.
2. In the Database window, select Axiall and Axial2.

Zoom in the two highlighted Axial Force elements. These two Axial Force elements are the
actuators for steering the wheel loader.

AL
»\ B
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Creating General Plant Input

Create a General Plant Input to input the actuator hydraulic pressure generated in AMESim to
the axial force.

To creating General Plant Input: General Plant nput List

- . General Plant Inputs
.,@ 1. On the Communicator tab, in
the Control group, click No | Use | Name Type Initial Value :
lant_In (General Plant BN GPiantinputl DOUBLE 00
GPlant_In IGP an)_ 2 I7 GPlantinput2 DOUBLE 0.0
- nput).

2. In the General Plant Input List
window, click Add to create
GPlantInputl. Click Add again
to create GPlantInput2.

3. Click OK to close the General
Plant Input List window.

1«

Add Insert | [ Delete |

4. In the Database window, among |
the Force elements, right-click
Axiall and click Properties.

oK || Cancel H Apply

5. Click the EL button in the Expression pane to open the Expression List. Then click the
Create button.

Properties of &xiall [ Current Unit : MN/kg/mm/s/deg ]

General I Connector | Axial

Type |5tar1dard Axial Force |'|

— Expression

Mame |

Expression

Force Display DAppIy Only to Action Body
o ][ cnea |[_mom
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10.

11.

WHEEL LOADER

(GENERAL COSIM WITH AMESIM BY FMI)

As the Expression Name, enter "Ex_GPIN_Left".

For a function, enter GPIN(1).
In Argument List, click Add.

From the database, drag & drop
PlantInputl to the ID 1 of the
Argument List as shown in the
figure on the right.

Click the OK button to complete
the Expression setup for
Axiall.

Open the Properties dialog
window for Axial2 as well and
complete the Expression setup
for Axial2 as shown in the figure
on the right in the same manner
as steps 5 to 10 above.

A Expression

Name [B GPIN_Let

GPIN(1)

Available

Argument List

[=]-Awe Function expressions
[#-Fp Fortran 77 Functions
---‘,I'E Simulation constants

_m" Displacement

- Velocity

Acceleration

+ Generic force

- Specific force

_B: System element |E|

D Entity

1 GPlantinput?

-7 Fortran 77 Functions
[#-TC Simulation constants an
[+ @ Displacement _
-0 Velocity =
& Acceleration

[ FG Generic force

-] Specific force

[} Jdt System element

#-1f Arithmetic IF

-/ Interpolation |E|

o £ Fonaeal

Ll m ]

1] T El | Add | | Delete
| oK | | Cancel | | Apply |
A’ Expression
Name |Ex_GPin_Right
GPIN(1)|
Available Argument List
[=-Ame Function expressions - D Entity

GPlantinput2

[ Add | |

Delete

J

[ o |

| Cancel | |

10
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Creating General Plant Output

To transmit the detected values of actuator length and change speed for steering control of
wheel loader to AMESIm, create the General Plant Output.

General Plant Output List
To create Plant Output: [Genera Fant Qutputs |

| No | Use ‘ Mame Type Expression / String
1| GPlantOutput! DOUBLE E

>l

1. On the Communicator tab, in the
? Control group, click GPlant_out
> (General Plant Output).
GPlant_Out

2. In the General Plant Output List
window, click Add.

3. If GPlantOutputl is created, click E
under Expression/String.

1«

Add Insert | [ Delete |
[ ok || canca | [ apoy
4. In the Expression List window, click Expression List
the Create button. P
No Name Expression | value | comment -
1 |Exzero ] _El e 4
Z Ex_bucket 100%step(time,0,0,2,1) _E| o
ita(_tmorn 200*stepitime,3,0,5,1)*0 _EI o
4 |Boedr -time*PV_drv_velocity_m... _EI 0
5 | B GPIN_Left GPINGT) _EI NA
& | Ex_GPIN_Rigth GRINGT) _EI A

v

5. Change the Name of Expression to

Ex_GPlantOutputl. [ oc [ concat J[ oow ]
6. In the Expression window, enter the A Bipression x

function DZ(1,2,2)*0.001. Name  [BX.GPlaniOutout

DZ(1,2,2)*0.001

7. In Augment List, click Add to make

two IDs.
8. In the Augment List, enter the

following two markers:

= ID 1: SteerPistonLeft.DZ_ref .

G-Fry Fortran 77 Fundiions
(- JC Simulation constants =
& Displacement

= ID 2: SteerCylinderLeft.DZ_ref
9. Click OK to apply the changes. * & sconon

F; Generic force
#-Fy Spedficforce
[#-Jat System element El

71— [y [ aad_ | [ petete
10. In the GPlant Output List window, [ o | [ concer | [ oo |
click Add to create GPlantOutput2.

1 SteerPistonLeft.DZ_ref

2 SteerCylinderLeft.DZ_ref

11



11.
12.
13.
14.

15.

WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

In the Expression List window, click the Create button.
Change the Name of Expression to Ex_GPlantOutput2.
In the Expression window, enter the function VZ(1,2,2)*0.001.
In the Augment List, enter the following two markers:
= ID 1: SteerPistonLeft.VZ_ref
= ID 2: SteerCylinderLeft.VZ_ref

In the same manner as steps 1 to 14, create GPlantOutput3 and GPlantOutput4 by
entering the following functions and markers in the Augment List.

=  GPlantOutput 3

=  Expression Name: Ex_GPlantOutput3

= Function: DZ(1,2,2)*0.001

= Augment List ID1: SteerPistonRight.DZ_ref

= Augment List ID2: SteerCylinderRight.DZ_ref
=  GPlantOutput 4

= Expression Name: Ex_GPlantOutput4

=  Function: VZ(1,2,2)*0.001

= Augment List ID1: SteerPistonRight.VZ_ref

= Augment List ID2: SteerCylinderRight.VZ_ref

SN YA |

SteerPistonRight.cyl_ref

K \\v.'o‘\ =
| SteerPistonRight.pis_ref ‘H‘ f

N

SteerPistonRight.Marker2
SteerCylinderRight.Markerl
T =

= St

] Dl : / SteerCylinderLeft.cyl_ref

{
!
\1\.\ SteerPistonLeft.pis_ref |
By \\ -
oA SteerPi
e N rPistonLeft.Marker3
& A\'S.!" SteerCylinderLeft. Markerl

12
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Performing Simulation

Run the simulation to check the initial model status.

To run the simulation:

; 1. On the Analysis Tab, in the Simulation Type group, select Dyn/Kin. The
“ﬁﬁ Dynamic/Kinematic Analysis dialog window appears.
Dyn/Kin

-

2. After entering parameters as follows, click the Simulation button.
= End Time: 7
=  Step: 700

To view the result:

p- 1. Under the Analysis Tab, in the Animation Control group, press the Play button to
check if the wheel loader moves as shown in the figure below.

If the analysis is completed normally and there is no problem with the model, the wheel
loader will go straight from the initial state to before the last 7 seconds. This is because the
hydraulic pressure was not applied to the actuator for wheel loader steering.

13



WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

Chapter

Setting General CoSim FMI in
Master Mode of RecurDyn

Task Objectives

Learn how to perform Co-simulation by setting General CoSim FMI to Master Mode for
RecurDyn and Slave Mode for AMESIim. At this time, an Interface Block is required in
the AMESiIim to exchange the detected values of the RecurDyn model mechanism and the
hydraulic pressure generated in AMESim. Learn how to create the AMESim Interface
Block model and configure FMI settings.

g
./ Estimated Time to Complete

30 minutes

BN

14
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Importing the AMESim Model

AMESim model with an actuator is also available in the tutorial example folder copied in the
previous chapter. Perform the Interface Block modeling by utilizing the provided model.

To run AMESim and import the initial model:

Double-click the AMESim icon on the Windows Desktop, etc. to run AMESim.
In the File menu, click Open.

In the example folder copied above, select HydraulicComponents_Start.ame.

> owoN o

Click Open. The AMESIim model with an actuator is displayed as shown in the figure
below.

5. Select File > Save as to change the name of the model file to
HydraulicComponents_fmu_export.ame.

r N
Simcenter Amesim - [H#FMI#Final#HydraulicComponents_Start.ame ] (= [
File Edit Sketch Configure Simulate Interfaces  Tools  Help SIEMENS

SUBMODEL | PARAMETER | SIMULATION [RSERGANINNS I E I LRI 1l Vs Wi BRI 5 tts v [H Table Editor | (&
& £ B [&] Create interface block € F LS Create Statechart 2= Create Signal Bus
HydraulicComponents _Start, ame = ®
T‘ 1t Search: v @ | More>
- RUN [#] Favorites
N STATS
4t Simulation
N sim para runstats print_int
- Ports
: &
T2 signal, Control
=4 rint_int
print timesync exdemnin... 1D Mechanical
[ ‘>\/J:\>‘
~ g, -- = Hydraulic
SUPELEN-.. et oyt reset_out Simcenter 3D Motion interface
&
o 2 B
select P
dynamic.. SIOP chrono.
X
Ishaft rshaft
scriptint...
T | |
signal hflow pflow
B B
P geocom  magnet rape
Je) 8 1 4
el thermal  meca2D elect
B 1 S |
B |« > i
R 2
1§

15
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Modeling of AMESiIim Interface Block

To create AMESIim Interface Block:

1. Click Menu > Interfaces > Create
Interface Block to create an
Interface block.

(Menu positions may vary depending
on the AMESIm version.)

2. In the Interface Icon Creation
dialog window, set the Number of
inputs to two.

SKETCH SUBMODEL | PAR Import assistant.

Import linear model

()

He Import Motion model
Import Simcenter 3D Motion model

Import Adams model

H
i [@] create interface block
i

foo0v /B8

Change Type of interface to Functional Mock-up Interface (FMI).

Set the Number of outputs to four.

Enter the names of the Inputs in the correct order as follows.

= >1: InputForce_Left
= >2: InputForce_Right

6. Enter the names of the Outputs in the correct order as follows.

* 4>: Velocity_Right
= 3>: Displacement_Right
= 2>: Velocity_Left

\Y

» 1>: Displacement_Left

7. Click the OK button to complete creation.

Interface Icon Creation

F ) |

Cormmmaon

Mumber of inputs: Type of interface:
? = |Functional Maock-up Interface (FMD)

w

Mumber of outputs:

w4 =

% 1 InputForce_Left
» 2 InputForce_Right

~

Velocity _Right L
Displacement_Right 3 >
Velocity_Left 2
Displacement_Left 1>

W

Clear all text

Help

futo-set names | | Load setup,,,

[0]8 Cancel

16
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8. When the Interface block
appears in the modeling
window, move the block
with the mouse.

To connect the AMESim Interface Block:

1. Connect the Interface block and the actuator elements as shown in the figure below. If
the connection is different from the figure, you may get incorrect results. Therefore, it
must be correctly connected to the port of the actuator component and the Input &
Output port of the Interface block as shown in the figure below.

—

Velocity_Right

InputForce_Left Displacement_Rigth

InputForce_Right R o
Displacement_Left |~ 7700

-

17
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Setting AMESIim FMI

To set the environment of AMESim Compiler:

1. Click Menu > Tool > Preferences to

run it.

Preferences

RAMETER | €1

2. Port tag Advanced

draulicCompon

ER Table editor

2. In the Preferences dialog window, click the Compilation tab.

3. Under the Model Compilation, check the Debug by default option.

4. Under the Active compiler, select Microsoft Visual C++ (64-bit).

Model update assistant

Library update assistant

-
Preferencas

y (B2

General

Drawing

Simulaticn

Parallel processing

Model Compilation
[] Compile for the legacy simulator
[] Automatic window close on successful compilation
[ Automnatically add missing libraries in path list
Debug by default

Active compiler:

() Microsoft Visual C++ (32-0it)
() GNU GCC (32-bit)

() Intel C++ (32-hit)

Post processing :

® Microsoft Visual C++ (B4-bity |

Model mana

() Intel C++ (B4-bit)

Encrypted Supercomponents

Modelica [ Use old encryption mechanism Compiler Settings,,.
Information
Help | |Hestnre defaults (0] | | Cancel | | Anply

(GENERAL COSIM WITH AMESIM BY FMI)

Ctrl=Shift+P

Ctrl+K

18
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Exporting AMESim FMU

To export *.fmu file in AMESim:

1.

Simeenter Amesim - [H¥FMEMFinalWwFMU_Test_by_DAWHydraulicComponents_fmu_export.
File  Edit  Sketch  Configure Simulate  Interfaces  Tools  Help

Click the
SIMULATION Tab

o """"""I
to change mode [é = |'§'| SUBMODEL PARAMETER 'SIMULA'I'[DN-
[®] Fun simulation Run Parameters == Global parameters J’_L,_u Pedormance
HydraulicCormponents _frnu_e=port ame =

Tip:

You can check the Build status of the model by checking the Completed message on

the Message Tab and the System build completed message on the Details Tab.

o

Help

Systemn Compilation - [HydraulicComponents_fmu_export] ? K

Messages  Details

Systemn Compilation - [HydraulicComponents_fmu_export] ? b

o

Messages  Details

4/HYDR.lib” "C:/Program Files/Simcenter /v 1700/Amesim/ibmotion/lib fwinG4/AMEMOTION. ib™ ~
e il duexe 4D -0 HydraulicComponents_finu_export_dll HydraulicComponents_finu_export_.obj @ Hydraulic
Creating 2 simulation program for your system. Components_fmu_export_make.link_args” “C:\Program Files\Simcenter lv1700\AmesimYib Wwins4\AMESOL. ib™ “C:\Program
Number of states: Files\Simcenter iy 1700\Amesim ib wing4\AME. lib
E’E'é“;ﬁ‘j; ;Dhm. 0 Microsoft (R) C/C++ Optimizing Compiler Version 17.00.50727.1 for x64
Generated impliits: 0 Copyright (C) Microsoft Corporation. Al rights reserved.

ol : Command line warning D3035 : option "o has been deprecated and will be removed in a future release
ol esfprogram fles/sincenterjv L700/smesim fmec/Submodes/winG4/-TD00. oo cprogram fls/sincenter/v 700 /amesim

flbmec/cubmodels/winG 4 VELYCD. 0by” "c: fprugram Fles/simcenterfv 1 bhyd obj” "c:fpr

ogram fles/smeenter/y 1 fiishydr fst mns oby°c: ,'pmgram ﬁ\Es,’s\mEErvtEr[vlmﬂfameslmﬂlhhydr,’
inG4/TKOOO. ob™ “c: /orogram f ws‘wooo obs” “c: foragram files

Jsimesnterfy L fibhydr jsub P -vaJ e fprogram Ubmodel

fwin§4/H1020.0by" "c: fprogram files/simcenter fv 1700 famesim/libsig fsubmodels wins4/GAD0. uhj‘ "o [prugram files/simcenter
Jv1700/amesim ibsig/submodels winé4/SPLTA.obj" “C: Program Files /Simcenter f 1700/Amesim lbsig/lib /win54/51G.lib™ °C: /P
rogram Files /Simcenter /v 1700/Amesim/libmec/lib/wing4/MEC. ib™ "C: /Program Files/simcenter fv 1700/Amesim/ibhydr lib/wing
4/HYDR.lib" "C: Program Files/Simcenter /v 1700/Amesim libmotion/lib fwinG4/AMEMOTION, lib™

Creating library HydrauilicComponents_fimu_export_..ib and object HydraulicComponents_fmu_export_.exp

System build completed!
g | [Erme—]

2. Click Menu > Interfaces > FMU
export assistant.... -
lers

FMU export assistant... !

Generate files for Real-Time...

Generate Simcenter Amesim - Simulink black-box
Interface status...

Systern contains FMI interface

Expoert setup

19




6.

7.

WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

In the Export settings page, set FMU type and version to Co-simulation 2.0.

Set the Output directory to the folder where the RecurDyn file of this manual is
located.

Click the Next button.

-
FMU Export Assistant (L2 [
Welcome
Canfigure a Functional Mack-up Unit (FMU} to export
FMU type and version
h 1
! Co-simulation 20 ~ H
Platform selectio
Visibility level: exposed elements
FMU generation () Hight expose all parameters and variables
. () Low: expose nothing except input and output variables
(@ User-defined: expose only the watch parameters and variables
[7] Generate log file
Embed tables
[ Provide directional derivative when applicable
[ ] FMU far real-time
pm———— ————— i )
!_Output directary: | H M Final =
<Back

On the Platform selection tab, verify that the compiler is set to Microsoft Visual
C++.

Click the Generate button to begin creating the *.fmu file and exporting the file.

-
FMU Export Assistant L2 [t
Platform selection
Configure binaries to include in the FMU
32-bit compilation
@ Microsoft Yisual C++ (32-bit)
Platform selection () GWU GCC (32-hit)
() Intel C++ {32-bit)
MU generalio
) gemarelio B4-hit compilation
@ Microsoft Visual C++ (B4-bit)
() Intel C++ (Fd-bit)
Additional compilation seftings:
‘ < Back | |§enerate > | | Cancel |

20
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8. Export the *.fmu file generated by AMESim to the location you set.
r FMU Export Assistant B

Results
FrU export results

Messages Details

Starting FMU creation process,,,
Starting Pythan ...

Starting FMI interface,,,

FMU generation Prepating C files, .,

Compiling FMU code for target win32-vc...
Compiling FMU code for target winBd-ve,,,
Generating FMU,,,

Ftdll generation succeeded,

End interface generation -» QK

Frdll generation cormpleted,

e )
9. You can see that the *.fmu file is created in the [ 2d_flat rdf

folder as shown on the right: || HydraulicComponents_frmu_export.ame

| |_| HydraulicComponents_frmu_export.fmu

|El| HydraulicComponents_Start.ame
|=| WheelLoader_Start.rdyn
|%| WheelLoader_WIR3.rdyn

21
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Setting General CoSim FMI in RecurDyn

To set the environment of FMI Co-Sim in RecurDyn:

@ 1. On the Communicator tab, in

the Control group, click A S 5S¢ A ?6 LA @

GCoSim GCOSIm- Plant_In  Plant_Out | Simulink External  AMESim FMI GPlant_In GPlant_Out' GCoSim
2. In the General CoSim window, Cosim Environment
on the CoSim Environment o ‘IU;J Nome Woe | Ph_| PouT | Cosim -
page, click the Add button. = =3 [BPES [e= A
A
3. Set Name to GCoSim1.
v
4. Select Type to FMI.
Click the L= button under PIN. _ Y
( Add | | Insert Delete ]
General Plant Input List ( GCoSim1 )
[General Pant inputs |
6. In the General Plant Input List Ne Name Tpe Intial Value T
(GCoSim1) window, click Add : = Bl ——om:
twice to add GPlantInputl and
GPlantInput2. A
v
Yy
7. Click the OK button.
| Add Il [ Insert | [ Delete |
| oK | { Cancel | l Apply
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8.

10.

11.

WHEEL LOADER

In the General CoSim window,
on the CoSim Environment
page, click the L] button
under POUT.

In General Plant Output List
(GCoSim1) window, click the
Add button four times to add
four GPlantOutputs.

Click the OK button.

In the General CoSim window,
on the CoSim Environment
page, click the L] button
under CoSim.

(GENERAL

COSIM WITH AMESIM BY FMI)

General CoSim

Cosim Environment
| Mo | use | Name Tpe | Pn | pour | cosim -
A
A
v
v
-
[ Add Insert ] [ Delete
[JDelete CoSim information
oK || Cancel | | Apply
General Plant Output List ( GCoSim1)
General Plant Outputs
No Name Type Expression / String -
1 GPlantOutput1 -] DOUBLE EX_GPlantOutput! A
2 GPlantOutput2 - DOUBLE Ex_GPlantOutput2
3 GPlantOutput3 - DOUBLE Ex_GPlantOutput3
GPlantOutputd - DOUBLE Ex_GPlantOutputd
A
v
v
-
[ Add I Insert | [ Delete |
[ ok ][ cancer | [ apey
General CoSim
Cosim Environment
| Mo | use | Name Tpe | Pn | pour | cosim -
1 | [ GCoSim1 FMI - A
A
v
v
-
[ Add Insert ] [ Delete
[ pelete CoSim Information
oK | [ cancer || appty

23




12.

13.
14.

15.
16.

WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

In the FMI (GCoSim1) dialog window, on the CoSim Environment page, select the
Import option.

Set Interface Version to 2.0.

In Model File, click the ] button, and select HydraulicComponents
_fmu_export.fmu file created in the Open dialog window.

Click the OK button in the FMI ( GCoSim1 ) dialog window to complete the settings.

In the General CoSim window, on the CoSim Environment page, click the OK button
to complete the settings.

FMI ( GCoSim1)
Co5im Environment
@ Import OExport
Interface Version | |2.D |V|
Model File |HydraulicComponents_fmu_e "II
|WheeILoader_FMI |
(®) Interface Time Step |1-E-003 |

Following the Interface Time of Master (Host)

[roo |

r Create a FMU File

‘WheelLoader_FMI

OK | | Cancel |

Apply
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RecurDyn Master Mode Co-simulation
Performing co-simulation in RecurDyn

Co-simulate the wheel loader model of RecurDyn and the actuator model of AMESim
using FMI.
To run the simulation:
_ 1. On the Analysis Tab, in the Simulation Type group, select Dyn/Kin. The
‘ﬁ: Dynamic/Kinematic Analysis dialog window appears.
D"”f”” 2. After entering parameters as follows, click the Simulation button.
= EndTime: 7
=  Step: 700

To view animation result:

B 1. On the Analysis Tab, in the Animation Control group, click the Play button to check
if the wheel loader moves as shown in the figure below.

X If co-simulation is successfully completed between RecurDyn and AMESim, the wheel
loader will move to the left. This is because the hydraulic pressure is generated in the
actuator in AMESim for wheel loader steering and this hydraulic pressure is applied to
the actuator in RecurDyn.
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WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

Chapter

Setting General CoSim FMI in
Slave Mode of RecurDyn

Task Objectives

In this chapter, as opposed to the previous one, you will learn how to perform FMI Co-
simulation by setting RecurDyn to Slave Mode and AMESim to Master Mode.

Estimated Time to Complete

30 minutes
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WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

Setting General CoSim FMI in RecurDyn

To set the environment of FMI Co-Sim in RecurDyn:

i in Y Home  subemity  smys  pofesional  Feible PostAnabsis TS5
@’ 1. On the Communicator tab, in
2 he C | ’ lick - e -,
E;gosci);t.ro group, clic ? ?+ g g&c# A 2‘ ? §+ @

GCasSim Plant_In Plant_Out | Simulink  External  AMESim FMI GPlant_In GPlant_Out| GCoSim

2. In the General CoSim

window, on the CoSim e
Environment page, click the comEmene
L] putton under CoSim. e — | o oe | ow | rowr [ coin i 2
3. In the FMI dialog window, on A
the CoSim Environment page,
select the Export option.
4. Set Interface Version to 2.0. .
5. In Create a FMU File, set the
name of the file to Y
WheelLoader_RDSlave. met | [ oewte
6. Click the Export button to DJoetete Cosim nformation
export the *.fmu file. o [ e ][ o

I ——— N
v MLy Fnal FMI (GCosimi )
. ________________________________________| Cosim Environment
A ET
. O moon
Ol
Interface Version |2.0 | - |
|| 2d_flat rdf : -
= Maodel File |HydrauI|cComponents_fmu_export.'|
|| HydraulicComponents_Start.ame | |
Plant File Mame WheelLoader_FMI
|| WheelLoader RDSlave frmu
%] WheelLoader_Start.rdyn (@) Interface Time Step |'|-!?-‘303 |

O Following the Interface Time of Master (Host)

Waiting Time (seconds) |100. |

— Create a FMU File

| p— |
WheelLoader_RDSlave| || Export l

[s] 4 | | Cancel | | Apply
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WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

Setting AMESim FMI

To run AMESim and import the initial model:

1. Double-click the AMESIm icon on the Desktop of Windows, and then run AMESIim
again.
(3¢ If AMESim is already running, close it and run it again.)

2. In the File menu, click Open.

3. In the example folder copied above, select HydraulicComponents_Start.ame.

Click Open. The AMESIim model with the actuator is displayed as shown in the figure
below.

5. Select File > Save as to change the name of the model file to
HydraulicComponents_fmu_import.ame.

r N
Simcenter Amesim - [H:#FMI¥Final¥HydraulicComponents_Start ame ] E@u
Fle  Edit Sketch Configure  Simulate  Interfaces Tools  Help SIEMENS

SUBMODEL | PARAMETER | SIMULATION [RpINGARIL LY i C R R e e TRV i s R o Tl a s s+ [EHTable Editor | (&
& {~] = reate interface blocl reate Statechart reate 3ignal Bus  ~
T - B Create interface block 'k Create Statech Create Signal B
HydraulicComponents _Start,ame + X Lib e
Tl - Search: v @ Mo
. RUN [] Favorites
N STATS
runstate [t simulation
sim_para... print_int
E P Forts
0 &~
T signal, Control
o rint_int... externin
prnt. timesync £+ 1D Mechanical
[ .>"/J:\>‘
N e = Hydraulic
b :
SUPETEN-.. ocet out . reset_out.. Simcenter 3D Metion interface
¥
= )
select >
dynamic P chrono.
-
Ishaft rshaft
scriptint.
T | |
signal hflow pflow
o a o
o geccom  magnet rope
o 8 il i
pel thermal  meca2D elect
i) 4 . |
g « > ]
2
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Modeling of AMESIim Interface Block

To import FMU Interface Block:

1.

Click Menu > P& Simeenter Amesim - [HA¥FMI¥FinalwHydraulicCompenents_Start.ame #]
Interfaces > FMU File  Edit  Sketch

Configure  Simulate JEMCHEIEN Tools  Help

¥
import assistant.... & B2 B SUBMODEL | PAR ! FMU import assistant... i
18 External variables gy Rermove submodels Impart linear model...
H Import Motion model...
Tl Import Simcenter 3D Motion model...
Import Adams model...
N _
[@ Create interface block..
N
U
O Je =
|EI . e e

On the Functional
Mock-up page, in the FMU setting, connect the WheelLoader_RDSlave.fmu file
created by RecurDyn.

Set the Submodel storage directory to the folder where the files *.rdyn and *.ame
are located.

Set the name of Submodel to RECURDYN.
Click the Next button.

i h
FMU Import Assistant 2 [

Welcome
Choose a Functional Mock-up Unit {FMUY to import

Functional Mock-up Unit Pl 1eelLoader ADSlave.fmu [ ]

Subrmodel starage directary: Hy/FMI/Final/Tutorial [

Submodel name: RECURDYM

Subrnodel generation

Add submodel to categary path list

< Back Mext » | | Cancel
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WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

6. On the Import settings page, under Compilation settings, set the Compiler option
to Microsoft Visual C++(64-bit).

7. Set the Preferred simulation type to co-simulation.
8. Click the Generate button.

-
FMU Import Assistant M

Imnport settings
Set import options

Compilation settings

[Microsoft Visual C++ (5d-bit) ~ |

Import settings

Preferred simulation type

(@ co-simulation

Subrnodel generation () model exchange

additional compilation settings:

< Back | |Generate * | | Cancel

9. Check the messages to see whether Submodel generation is completed, and click
the Finish button.

FMU Import Assistant L2 s

Results
Mative Simcenter Amesim submodel generation results

Messages Warnings,/Errars

»Starting: "C:WFrogram FilesWSimcenter ~
it 1 700 & esin i winbd Wi _import_compiler, exe
-outdir H:/Fikl -name RECURDYMN -ccopt —winbd -
preferred cs Hy/FMI/Final/

. WheelLoader_RDSlave, frmu”

Subrnodel generation
Itis an FMU for Co-simulation, version 2.0, running
on winBd

Subrnodels Windows compilation batch file,

This batch file is to automate the compile procedure

for submodels
PR | SR P RN L L Pt R 1 P A ATt LT | =T X, [P Tt H VA eal

| < Back || Cancel || Finish |
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10. In Library tree, click FMI imported blocks to see the fmu block model. Create this
fmu block in the AMESIim model by dragging & dropping the block and connect it with
other elements as shown in the figure below.

(B smcenter amesim - (e . fu_importame 4 [ | & ] |
SIEMENS

S ¢ | (DUpdste & Appspace ~ [ Plots + g Animat ~ [ Table Editer | ®

Eile  Edit Simulate  [nterfaces  Tools  Help

kB

gketch  Configure

T ’ £ 3 [@] Create interface block  (F © £9 Creste Stalechan 3= Create Sianal Bus ~
Library free
ti Search: v ® [Moe> |
froy [#) Favorites
fmuin0g... i Simulation
#E: ports

T Signal, Control
1D Mechanical
< Hydraulic
Simcenter 3D Mation interface
fra FMI imported blocks
i fru FMI imported blocks i

Foovrsa8

MPw®eo
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11. Run the Simulation
mode.

Simeenter Amesim - [HA¥FME¥FinalFMU_Test_by_DAWHydraulicComponents_fmu_export.
File  Edit  Sketch  Configure Simulate Interfac:e.s Tools  Help

SUBMODEL PARAMETER

[®] Run simulation Fun Parameters Global parameters ﬁul Ferformance

HydraulicComponents_fru_export,ame =

Tip: You can check the Build status of the model by checking the Completed message on
the Message Tab and the System build completed message on the Details Tab.

System Compilaticn - [HydraulicCompenents_fmu_export]

0]

Messages  Details

Creating a simulation program for your system.
Number of states:

Explcits: 8

Dedared implicits: 0

Generated implicits: 0

Help

7 x
System Compilaticn - [HydraulicComponents_fmu_expert] ? x
Messages  Details
4JHYDRLlib" "C: fProgram Files /Simcenter fv 1700 Amesim/ibmaotion lib fwin64/AMEMOTION. lib™ . o ~
d.exe 4D -0 HydraulicComponents_fmu_export _,dll HydraulicComponents _finu_export_,obj @Hydraulic
Components_fimu_export_.make.link_args™ "C:\Program F \W 1700} 6 AAMESOL.lib™ "C: Program
Files\Simcenter \v 1700 \Amesim jib \winé4\AME.ib™
Microsoft (R) C/C-++ Optimizing Compiler Version 17.00.,50727. 1 for x64
Copyright {C) Microsoft Corporation. Al rights reserved.
d : Command line warning nguas np(mn 's' has been deprecated and wil be removed in & future release
d "c:fprogram obi” °c:/program fies/smeenter v1700/amesim
,mbmec;submada\s,ﬂwmswaxco obj' “c: fprogram A 1700, im i dels/winG4/SV00.abj" "c: fpr
ogram filessimcenter fv1700/amesimylibhydr fsubmodels fwing4/PS00.0bj" "c: fprogram files/simcenter fv 1700 /amesim/libhydr/
submodels/win§4/TKD0D.obj" “c: fprogram files/simcenter fy 1700 famesim flibsig/submodels fwin64/UD0D.obj" “c: fprogram files
fs\moenterfv1700famEsim,’libhvdr.’submodelsfw\HG'JIFPO'?.abJ" “c:fprogram ﬁlesfsimcenterfv1700,'ames\m/\\bhydrt’submoda\s
winG4/H1020.0bj" "c: fprogram files /simezntsr v 1700, bi” "c: fprogram ﬁ\as,’s\moenr.er
,'v17(](][3mEslm,'llhs\g[suhmodels[wmﬁﬂSPLTﬂ .0bj" °C:/Program Fil Jib™ "C: /P
rogram Fi 1 ib™ "C: /Program F\\Es,’SlmcEntEr,’v1700,'AmEslm,’llhhydr,’llh,’wmﬁ
4/HYDR ™ “C: Program Fles/Simcanter/v 1700 Amesim/lbmotion i /winG 4/AMEMOTION.Ib"
& Creating library HydraulicCompenents_fmu_export_lib and ebject HydraulicCompanents_fmu_export_.exp
System build mu\EtEd'I
Close ~
Help Close

12. Click Menu > Simulate > Run > Run 5

Simulate Interfaces Tools

Run Parameters... Ctrl+U

Run Parameters to open the

Run Parameters window.

(5 update F5 [B] Runsimulation  F7
[Fal

Study Manager »| [=]

il Performance Analyzer

Power, energy, activity

Linear analysis H
Lock states »
Post processing »
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(GENERAL COSIM WITH AMESIM BY FMI)

13. Set Final time to 7 s and Print interval to 0.001 s, which are the same values as
those set for Interface Time Step in RecurDyn.

Run Parameters

B [ |

General standard options
Sirmulation settings

Pararneter

Continuation run

Use old final values

Miscellaneous

| Monitor time
Statistics
Generate C5Y

Help Default

Yalue | Unit ™

_—

Fixed step options

Simulation type

® Single run
Batch

Parallel processing

Preferences

Result file(s)

Murnber of sawed variables:
70

Estimated size:
4 MB

Integrator type

@ Stapdard integrator
Fized step integrator

Information

o Print interval: 0,001 s
Mumber of points: 7001
Sampling frequency: 1000 Hz
Easily observable frequency: 100 Hz

[0]# Cancel

14. Click OK to complete the settings.
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RecurDyn Slave Mode Co-simulation

Run co-simulation in AMESim.

To run the simulation: SuNECl Interfaces  Tools
Run b Run Parameters.. Ctrl+U
1. Save and Close the
WheelLoader_FMI.rdyn model of | €3 update FS || _Runsimulation F7
RecurDyn, and then exit RecurDyn. : Study Manager | 7]
(If RecurDyn is still running, co- il Performance Analyzer

simulation cannot be performed

because AMESim cannot run Power, energy, activity

RecurDyn automatically.) Linear analysis >

Lock states >

2. Select Menu > Simulate > Run > Run Post processing ’
simulation.

3. When the simulation starts, AMESim runs RecurDyn, opens the model, and starts the
co-simulation automatically.

1 - s

o fmy
8 u e

M o

A e

o e

[Eo) LR } e
e L

(i} g ‘?r.‘;
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WHEEL LOADER (GENERAL COSIM WITH AMESIM BY FMI)

To view analysis results in AMESim:

1. After the analysis is complete, double-click the Plots button on the ribbon menu in
AMESIm to create a Plot window.

2. In AMESim, click FMI Import blocks.

3. In Variables of fmuin0020ut004 [RECURDYN-1], drag & drop GPlantInputl and
GPlantInput2 to the Plot window.

Fle Edt Seuh  Confore  Smisw  nerfaces  Teok  heb

SKeTen SUBMODEL | PARAMETER | SIMULATION

SIEMENS
S | Oupdsie Bosppspace v [Crots + fp Animatons ~ (%) Dashborcs v [y sopts v FfTabecdior | @

E il Performance anaiyzer  [@lsway Mansger v [@ | Temporal analyss
P Components_ s import ome [ —

— B A D @

Fle  ESt  Vew Toss  Andyss  Hep L4 (@) GPlantOuiput1 - Oulpwt Data L of PlantiRD), n.

AN H e - . T s

N @ H ! T i W s Bt +Hb G O%E L ° (@ GPtantOuiput? - Oulput Data L of PlantRB), n.
i . e 2i . ® GO - Data Lo PanED)

m} : H e ¥ cn® [

, | | [

°
°
°
(® GPlantoutpts - Cutput Data L of Piant(RD), . 0
PlotStep -ReaurDyn ot Step %0
» Prput -Nmber of PantRD) Input, not cupport 2
A Pautut -Nassber of Pent{RD) output, ot supdr.

RD_StopTeDe fined -RearOyn End b settrg . 7
S InterfaceStepSize - Interface Period With RearDy... 0.001
\ GPlanigut L - Inpul Data1 of PantifD), not suppo. o

’ ! oo} ainou? ot Dta1 of PantD), ot sogo o
EO ........ U:r \ RecurDymModel - ReawrDym Model heetoader_ FLidyn|
M ER o Ven  Tok  Auvs b Y @ Roirsilfan iR

RALL t +#b OPF O%E L o\ GCoSimitame - RecurDyn G-CoSm Name (ID), # sho, Gosml
A\ * [ trport parameters

L .,r. .y N\ URD-1]

[~ \ Variables of fmun00Zout04 [RECUROTN-1] 8%
LIJ A \ A~ Bv 2

® b \
&) e (Gvabe Ut [Swved Savenext |Togs |Resi
N GPlantOutputL - Oulput Data 1 of PantRD), not su... 000328444 rul

N, N GPlantOulputZ - Ouiput Datal of Pani(RD), not eu...  0.00290525
~ \

7
7
GPlantOutputs -OutputData of PantRD), notmu...  0.00328648 rud v
Pl Plant(RD), ot 0.008977 rudl 7 et
[
7

| b P nput Deta of FerkD), not g, 185434
T Pantivout2 - nput Daia1 of HantiD), ot 05539 ol

¢ >

4. Then, in AMESim, you can see the results of GPlantInputl and GPlantInpput2
displayed as a plot.

HydraubcCompanents_finu_mport.ame

Fle Edt Vew Tods Anyss  Heb °
RRIARLRL t +Hb OB OxE L °

100l [ — GPlantinput. - Input Data1 o PantfRD), not support the modiicaton [l |

x10°
34 l e
1 T T T T T T 1
1 2 3 4 5 6 7
X: Time [s]
Fe Edt Vew Toos Amlyss Hep @

RWRALL t+Hb HEYORE b o

U"'"l [— ‘GPlantinput2 - Input Data 1 of Plant(RD), not support the modification [nul] |
x10'
06 e
00
06 T T T T T T 1
o 1 2 3 4 5 6 7
X: Time [s]
% >
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5. In the Plot window, click File > W2 plot -1 =B i
Save data. In the Save WindOW, m Edit View Tools  Analysis  Help @
save the result of PlantOutputl New page aden b EBY O R E bl o
as the Close page Ctrl«w  Datal of Plant(RD), not support the modification [null] |
AMESim_GPlantInputl.txtfile. | g0 -

6. Open the f save data..

AMESim_GPlantInputl.txt file /® Add to system...
using a text editor program. Export for submodel...
Delete the unnecessary header (| /@ exportto picture..
part in the upper text and save Print preview,
the file. S Print. Ctrl+p
Close
-1 % T T X T 3 T T X T s 1
s ! £ ;(: Time [s] 2 ¢ ¥
Save data to file

| AMESim_GPlantinput1.txt - Motepad
File Edit Format View Help
°. o00

File Edit Format View Help

1.88520964914873e+004

1.00000000000000e-003
2.00000000000000e-203
3.00000000000001e-003

1.90530964914873e+004
1.8853896490671%e+004
1.843284805575304e+204

# Table format: 1D
Delete

# table_unit = null
# axisl unit = s

. +200 1.08530964914873e+004 4.p00eeeeeeenndle-203 1.14277532743328e+004
1.00000000000000 -003 1.08530964914873e+004 5-00000000000001 -003 1.30508619268873e+004
2.00000000000000 -003 1.80530964906719e+004 e aoo1e 0ol Y aaaenalaTeseoon
3.00000000000001c - 003 1.843048055753042+804 8 BOGORBEGE0a0AZe 8O3 o 1621554 35375660004
4.00000000000001e-003 1.14277532743328e+004 9_Pe00E00E0RRR02e-003 2.568072661463462+004
5. 0000000000000 1e - 003 1.30508619268873e+004 1.00000000000000 - 002 3.83155941147212e4004
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Chapter

Verifying and Analyzing Results

Task Objectives

Use the General CoSim FMI method to perform the Co-simulation between RecurDyn
and AMESIim and check the animation result and numeric data produced.

<’ Estimated Time to Complete

10 minutes
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Verifying and Analyzing Results

Make sure that the GPlantInput value in RecurDyn matches the GPlantInput value in
AMESIm. In the wheel loader model, when steering with the hydraulic pressure generated by
the actuator, check the dynamic results such as the reaction force of the joints in each part.

Importing the result of RecurDyn animation and checking the result

If you perform co-simulation in the master mode of RecurDyn, you can execute Animation

Play directly from RecurDyn. If you perform co-simulation in the master mode of AMESim,
import the animation result file (*.rad).

1. Go to the Analysis tab.

2. In the Animation Control group, click the Play button to check the result of animation.
You can see that the wheel loader moves to the left.

[ Time = 0.0 sec ]

Time = 7.0 sec
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Result

L3

WHEEL LOADER (GENERAL COSIM WITH AMESIM

To run RecurDyn Plot and plot the result:

Run RecurDyn/Plot.
Import the *.rplt file, which is the result of dynamic analysis by RecurDyn.

3. Import the AMESim_GPlantInputl.txt file, which is the result of AMESim
GPlantInputl created in the previous chapter.

4. Draw the values of GPlantInputl in the Plot database window.

BY FMI)

Plot the Column2 of the result of AMESim. (At this time, the value on the X axis must

be Column1l.)

RecurDyn YOR3 - [Plot1*]

5 S o . RO = /, X = 3 Ee [=

= RO R X w B2 9 R AT A 3

inpertFile Temphte | Oata  Temoiste | SeiZoom CoptureAll e ComData Delcume Cleral | |Dalibase LettUgper  Add Oraw  MutiDw Seing | SameScale| Control | Document Charl  Legend SetDefout
mport export view Toon wingows curve Data Mutipie ases Preterence

Foge 1 & Wheeltosder P
CLEEE R foes
Foce
=ilue- GPIantinput - wheeiLosger_F Goivnn 2. augsim_ orurro N Blue - RecurDyn Gplaﬂnput‘] Contact
WheelLoader_FMI & Request
. Ghant Ingut
= Red : AMESim Gplatinput1 oy
i #- GPlantinput2
& GPsnt Cutput
& AMESim_GPantinput1
Column 1
3000000, Column 2
2000000.00
>
S " ﬁ
A wW———— I — “ n A
-1000000.00 .
0.00 1.00 2.00 3.00 .00 5.00 6.00 7.00 X Y
Time (s) peri ot
For Help, press F1 Mhgimmfs

6. You can see that the two results match. From these results, you can see that all the

numerical data have been exchanged properly between the two software.
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7. Click the Plot Page Add button to add a new page.

8. Plot FM_Reaction_Force and TM_Reaction_Force of RevJointl in the Plot database
window. At this time, modify the value of Axis X into Time.

= Revlointlis a joint that connects the left cylinder and the vehicle. You can check
the reaction force and torque of the joint when hydraulic pressure is generated in
the actuator. In this way, you can remodel various operating conditions of the
wheel loader and check the reaction force and torque values.

:&\ [EIE] =17 RecurDyn VIR3 - [Plot1*)

Home
@BﬁBa@b@@??ﬁ@kﬁ?ﬂ]ﬂﬂ[&&&@ﬁi‘&@ﬁﬁ#
nporFle Teniste | Ows Tempiste | Sezoom e | Copresn Taee  Coposts OeiCume Clesa | [DSEBaE Lemupper A0 Oaw MukDrvw Setng | SISl Corvel | Doment  crar  egmnd  seDetaun

Import Emport View Tools Windows Curve Data Multiple Axes Preference

0]

[Page 1] Page2
B k- eE P ESDE %
= FM_Reaction_Force- RevJointl- WheelLoader M (N) ~TM_Reaction_Force- RevJointl - WheelLoader_FMI (Nmm)
WheelLoader_FMI
4000000.00
- 50000000.00
2500000.00
3000000.00  20000000.00
TX_Reaction_Force
2500000.00 T Reaction_Force
LY Force
- 30000000.00 E‘
Z 2000000.00 H
; z
5
fid 3
1500000.00 - 2000000000 3.
i
1000000.00 i ‘*‘ “
I\ 1
n'n - 10000000.00
N M
500000.00 . f L
\aasa, M
0.00 .00
0.00 1.00 2.50 3.0 .00 s.00 6.0 00
Time (s)
For Help, press F1

Thanks for participating in this tutorial!
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