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Copyrights
The copyright of this Guide belongs to the FMI Utilization and Deployment WG, Automotive Control
and Modeling Division Committee, Society of Automotive Engineers of Japan. This Guide does not
guarantee the methods or quality of automobile development. The contents of this Guide are subject
to change or discontinuation without notice. Please use your own judgment when applying this

Guide to your business model.

Handling of this document
This Guide may be reproduced only for non-commercial purposes or for internal use by the user. In
addition, when citing this Guide, it is necessary to clearly indicate that the citation is from this
Guide and to meet the requirements for citation, such as clearly indicating the title of the work from

which the citation is taken and the name of the author.

/& SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN, AUTOMOTIVE CONTROL AND

MODELING DIVISION COMMITTEE, FMI UTILIZATION AND DEPLOYMENT STUDY WG 0



FMI Application Guide (Appendix) Ver. 2.0.2

The following individuals, companies and organizations have participated and cooperated with the
FMI Utilization and Deployment WG of the Automotive Control and Modeling Division Committee of

the Society of Automotive Engineers of Japan in the preparation of this Guide.

Mutsuhito Eshima IDAJ Corporation

Junichi Ichihara AZAPA Corporation

Kazunari Moriya AZAPA Corporation

Takayuki Sekisue Ansys Japan K.K.

Takashi Iwagaya Cybernet Systems, Inc.
Martin Egginton Siemens AG

Yosuke Ogata Siemens AG

Yuuichiro Abe Dassault Systemes K.K.

VIRY, Guillaume Dassault Systemes K.K.
Makoto Koekiba Chuo Zuken K.K.

Katsuya Tsuzuki dSPACE Japan Corporation
Takashi Yoshimatsu dSPACE Japan Corporation
Yumi Uchida Dentsu Research Institute Inc.
Keiichi Ueyama Denso Corporation

Shuya Miwa Denso Corporation

Dai Araki Toshiba Digital Solutions Corporation
Yutaka Hirano HIRANO Research Lab.
Yasufumi Saruki HEXAGON Corporation
Nobuyuki Hirai HEXAGON Corporation
Motoaki Muto Nissan Motor Co.

Haruki Saito Nissan Motor Co.

Hideaki Jinno Honda R&D Co.

Shingo Haketa Honda R&D Co.

Riichi Nagao PonoSHIP K.K.

Daisuke Akasaka The MathWorks GK

Akio Takashima The MathWorks GK

Shun Endo Mazda Motor Corporation
Ken Komori Mazda Motor Corporation
Hiroaki Takeuchi Mazda Motor Corporation

Yuji Sato Mitsubishi Space Software Corporation
GAO, Rui Modelon Corporation

(Alphabetical order by company/organization name)

We would also like to thank the following individuals, companies and organizations for their

cooperation in preparing this guide.

/& SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN, AUTOMOTIVE CONTROL AND 7
MODELING DIVISION COMMITTEE, FMI UTILIZATION AND DEPLOYMENT STUDY WG



FMI Application Guide (Appendix) Ver. 2.0.2

Seiji Ishikawa ETAS Corporation
Kensuke Shibuya Nagoya University
Koichi Shigematsu Nagoya University
Yutaka Funabashi Renesas Electronics Corporation

3V-SG (Study Group for Control Verification Using Virtual Methods)

(Alphabetical order by company/organization name)

/& SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN, AUTOMOTIVE CONTROL AND

MODELING DIVISION COMMITTEE, FMI UTILIZATION AND DEPLOYMENT STUDY WG .



FMI Application Guide (Appendix) Ver. 2.0.2

Chapter 1: Introduction to FMI-compliant tools

This chapter introduces FMI-related functions in typical tools.

1.1.

Dassault Systemes Dymola

Dymola is a simulation tool using the Modelica language from Dassault Systemes (Dassault Systémes)

Dymola follows the FMI standard and allows the creation, integration and simulation of FMI-compliant

models.

Supports FMI 1.0, 2.0, and 3.0 (beta).
Supports Co-Simulation and Model Exchange.

Windows and Linux are supported.

1.1.1. Creating FMUs
If you want to generate an FMU from the model, go to the Simulation tab and select Translate. Then
select FMU.
DFE LD LD @ CoupledClutches - Modelica.Mechanics.Rotational.Examples.CoupledClutches (Read-Only) - m} X
“ Graphics ~ Documentation  Text Tools %Windows ~ B
(® Run Script ~ L. Steady State Alg: Dass| v Continue ¥ ¥ LoadResult [ New Animation §@ P> << | Time Speed:
1
@ New Script ¥ Normal F9 rameters o Setup Linearize ﬁ] NewPlot ¥ @ Visualize 3D A1 » I : [ V}
2 C ds v Export s Savein Model [J] New Table 5 K¢ 4l
i
Variable Browser P St x
= e
Variable Value Unit Plot [17] Ll =SB =
1.0 (® CoupledClutches % + v
0.9+
0.8+
0.7
0.6+
0.5+
0.4
0.3
0.24
0.1
'0.00 025 050
% 00 Errors &OWarnings ®0Messages Clear
(-]
&
< >| /S Syntax  Translation  Simulation  Version
filter variables v| More>> Commands  Logs
Libraries Package Browser Component Browser Files Diagram Filter | Variable Browser Steady State Sweep Parameters = Commands = Logs = ﬁ E 2

On the next screen, you will see options for FMU generation. Of these, choose the type of FMU

(Model Exchange only, Co-simulation only, or Hybrid FMU), standard version, platform, etc.If you

choose a co-simulation FMU, the solver settings will be set to the state of the solver at the time the
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command is executed. The solver settings will be the same as they were when the command was

executed. You can also decide which variables to exclude, if necessary (for example, if you only want

to expose I/O and parameters, choose the Black-Box FMU). If you want to select variables in more

detail, check Select variables. Then the next screen will allow you to select variables.

[ Expor HWU x
Type Cptions-
1 Model sxchange | Inciude source code
() Co-simulstion using Cwede || Expeort with string pararnater:
) Model exchange, trd Co-mrmuletion using Cvode || Dectare tunable as fwed
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"
Hamn

Hide thess Madeics snrishbes in the FRRY

Cumabty Cainsbty
dutch duezhl
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clukchl clukchd
EPitime i bR
EratCounts cutput
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I e
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1
=
1 s
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wnpl
= panTE
T AT
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1.1.2. FMU import and execution

Epand &1 | | Colbgse 4l

! £ Caiel

If you want to import an FMU, select the Open command in the File menu and choose Import FMU.

You can also use Drag & Drop in the middle of the screen.
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B (LA ﬁ PN EEOD @ - Dymola - Dynamic Modeling Laboratory - [Diagram] = o X
|Tet  Simulation  Tools B Windows v — 8 X
N’:w R 5 Y lndn < Cut ! Zline S Poknon -F v E v By SplitModel 55 (3 A Find ] Insert v
= Open Modelica or FMU files
‘[ v @] Check v &3 @ Find Connection ) Variable Selections
B QOpen l Load... Ctrl+Shift+0 . .
@ Load an existing Modelica file and show its contents without # Dln & Dizgram titer B create Local state
Libraries > changing current directory. -
Demos > 0 Ctrl+0
=] B Open an existing Modelica file and show its contents, and
Save > change current directory to the location of the file.
x Clear All Open Script...
Open a Modelica script in the script editor, and change current
-~ directory to the location of the file.
Q Search... Ctrl+Shift+F
Working Directory » Import EMU...
M Import an FMU into a Modelica model, creating appropriate
g Print » interfacing wrappers.
Save Log... ssi Import SSP...
_E Import an SSP, creating a top-level package containing the
ClearLog model and all FMUs.
Recent Files »
@ e
£ Options  [%] Variables
2 00 Errors & 0 Warnings @ 0 Messages Clear
-]
&
S| Syntax  Translation  Simulation  Version
Libraries  Projects | Components Files Diagram Filter Variable Browser Steady State Sweep Parameters Commands | Logs = B=

Specify the path to the file and choose the preferred mode of use for the hybrid FMU. At that stage,

you can decide in detail which variables to expose.

i Import FMU b4

FMU file

|C::'Usersfgv&fDownIoadsfSampIe_Epi-"Driver.fmu| | Browse...

Preferred type

® Model exchange

O Co-simulation

Options

[ Prompt before replacing an existing Modelica model
[] Generate graphics for the diagram layer

|:| Translate value reference to variable name
Structured declaration of variables

Insert in package
| VB D

Variables to import

@ Allvariables
O Black box (parameters, inputs, outputs)
O These variables:

Select..

0K | Cancel

To run FMU, move the imported model to the main screen.
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DPPEED2LO00H@: Dymola - Dynamic Modeling Laboratory - [Diagram] - 8 X

Il covhics  Documentation Tt Simultion Tools FyWindows ¥ 5 — 8 X
e = [100% <] e M 5L 2F LineStyle ~ " Align ~ ### Toggle Grid %l Al

@) = 5 i Window =) ¢ 3<(a (@ /B8 oO0T Brisyie v B o - R =, Comectorames B

Recent Back Forwerd Icon |Diagram Undo Redo Cut Copy Paste Line Rectangle Elipse. Polygon Tect Bitma Spit Check Find  Find

g * o el Gl PUR range 1+ 0 Armctebin | sl D Autes = Covetion

Unamed X | % -
PWT_PNT_fmu

« o w
8 x
& & |¥|b][=
F en oo sms
etec AT my O
£] e nrims :
] oriverfmy i <2 i s >
£] cuarntime
EJarontim
£ ] T
X €ocrors | /1) 0Wamings | (3) 0 Messages Clear
5
CETET= o[
Components  Prjects 2 Syt Tamslation  Smulation  Version
Libraries | Projects | Components | Files Diagrom Filter Varable Browser Steady State  Sweep Paremeters  Commands | Logs s@pEs

Double-clicking on a component brings up a screen where you can set parameters. Among them,
there is a tab dedicated to FMI, where you can specify FMU logging, instance name, etc. In the case

of co-simulation (screenshot on the right), there are also start time, end time, and synchronization

steps.
B modelica_Mechanics_Rotational_Bxamples_CoupledClutches_fmu in Unnamed x coupledClutches_fmu in Unnamed X
General FMI Add modifiers  Attributes General  FMI Add modifiers  Attributes
fmi_instanceName  [delicz Mechanics Rotationzl E | fmi_instanceName [ CoupledClutches_fmu' >

Enable logging

Enable logging
fmi_loggingOn [ folsz | fmi_loggingOn [ Filse v

P 9

finputTime ke v]r Timepointof input used when calling doStey
fmi_resourceLocation | Mechanic: Retational Examples_CoupledClutches/resources') | =k [ | P P g doStep|

fmi_UsePreOninputSignals [ e v

P

fmi_StartTime [

frmi_StopTime [

CS-specific parameters

frmi_NumberOfSteps

fmi_C tionStepSize (i StopTime - fmi StartTime)/fmi NumberOfstep. |

[ Number of dosteps called between two Communicationstepsize
fmi_forceShutDownAtStopTime | false V]
fi_setTol [ ) e ol infiZStupbperiment s ma de
fmi_Tol [ 00001 > Relative tolerance for the internal solver of the fmu
fmi_resourceLocation [vices ExternalReferences JoadResourcel"modelicat//CoupledClutches fmu/Resources/Library/F
Cancel info Cancel | [ ifo

Parameters of the Model Exchange FMU Parameters of Co-Simulation FMU

The imported FMU can be connected to other FMUs and Modelica components and run like a
regular Dymola simulation to display and analyze results.

In case of co-simulation, make sure that the I/O synchronization steps for each FMU are set correctly.

A model that includes multiple FMUs looks like the one below (with component connections not yet

completed).
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1.2. Ansys Twin Builder

Features of Twin Builder (2023.R2) are shown in table 1.2.1.
When creating an FMU, the functions and creation methods differ depending on whether you create
an FMU from a model using only the Modelica library, or from a model created by a sub-sheet structure

in combination with Twin Builder's own library (SML).

FMI creation function (Modelica)

FMI Version 1.0, 2.0

Form Model Exchange, Co-Simulation

0S Windows 64, 32

Execution License unnecessary

FMI creation function (sub-sheet format)

FMI Version 2.0

Form Co-Simulation

OS Windows 64, Linux 64 (Ubuntu, RedHat )
Execution License Not required (can be switched to required)
FMI read function

FMI Version 1.0, 2.0

Form Model Exchange, Co-Simulation

oS Windows 64

Execution License Depends on the creator

Tablel.2.1 List of Twin Builder FMI Interface Functions

1.2.1. FMU creation (Modelica)
This section describes the procedure for creating an FMU using only models created with the

Modelica editor.

A) Modelica model creation and compilation
@ Right-click on Definitions/Models in the project tree and select "Add Definition" to specify the
name of the model to be created and open the Modelica editor.
@The Modelica library tree will appear on the right side of the screen, and you can drag and drop
parts, connect wires, etc. to build the target model.
@ Execute compilation from the ribbon [Compile & Update Project].
@ Close the Modelica Editor by pressing the "X" button directly below the upper left corner of the

screen.
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Figurel.2.1 Modelica model editing screen

B) Creation of FMU

(@D Right-click the Modelica model created from the project tree Definitions/Models and select
"Export as FMU".

@8Select FMU file name, type, target OS, etc., and click [Export].

Project Manager B X
= {7 project1*
= % TwinBuilder1*
£ Ports "B Bxvort As P )
@ {2 subSheet1: TwinBuider
® . Analyss FMU Locaton
@ Optimetrics C:/Sarpt_Runfwork/AnProjectPersonal bR232Personallib [SimModel.!  Browse... |
3] Results ™
=- (2] Definitions
:]_JCMWB Version: 2.0 vl Platform: Ivmdnséd vl
#-2) Symbols
) Footprints
1) Padstacks ‘
)2 Models L
fremrrns =
@ smModed [ et Model @
) Packages
~ .- " Clone Model
4 Remove Model
Export to Library...

Type:  |Co-Simulation -l

Bpot || cancel |

)
)
Export as FMU... | €—

Figurel.2.2 FMU creation screen from Modelica model

These procedures are for generating an FMU from a model consisting only of the Modelica library.

The created FMU model name will be the Modelica model name specified at A)-(D.

1.2.2. Creation of FMU (sub-sheet format)
This section describes the procedure for creating FMUs by creating a subsheet of Twin Builder's
proprietary library models (SML), Modelica and VHDL-AMS models, C language models, etc., and
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then creating FMUs the hierarchy of these models. Here, SML models mainly refer to the parts

included in the library trees BasicElements and Multiphysics.

A) Preparation of subsheet and connection terminals

D Clicking on the ribbon [Subcircuit] will generate a sub-sheet (SubSheetl) under the top-level
sheet (TwinBuilderl).

@ Click the Interface port icon on the ribbon, and the terminal symbol will appear on the mouse

Cursor.

@ Double-click the placed terminal to display the dialog shown on the right to modify the terminal

name and attributes. The following is a list of the items that can be done with regard to
Domain : Quantity (input/output signal) Parametric (fixed value parameter)
Available only in Type : real

Direction : in (input signal) out (output signal)

’ | I 9 A) T T8 verables ~ Pot Nane [Port o
0 ';J. 7
Datasets
Save Fing L Carcal
Cenert: . Definitions ~ _
[Fan =
Desitop New Sthematic Sinylton
|hqul Manager ? x - o~
& projectn* =11 3
=8 7 T‘m)rhame--.' E
[ sobsheet: Twinbuf =
ADNSGE
@ Oparretcs
[T Reass
e i -.;.,_-J
(o I _J

Figurel.2.3 Creating a sub-sheet

B) Creation of sub-sheet internal configuration

(D Place components from the library tree displayed on the left side and connect them to the
terminals you have created.

Components can also include Modelica and loaded FMUs. These are located in the bottom [Project
Components] of the library tree.

@ When the model is complete, right-click on a blank area of the screen and select "Pop Up" to

return to the top-level hierarchy.
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Figurel.2.4 Creation of sub-sheet interior

C) Creation of FMU

(D Sub-sheets are created in the lower left corner of the screen. Right-click on the model and select
[Compile as co-simulation FMU] to open the dialog box in the upper right corner of the figure.

@ Select [Auto Detect] to automatically recognize the dlls of the components used internally. In
addition, to create an FMU that also supports Linux64, you must separately install Twin Builder
Linux Redistributable (free of charge) and specify its storage location.

® After compilation, the FMU model (FMUModel TwinBuilder2) is saved under
Definitions/Models in the project tree. Right-click on it and select [Export as FMU].

@ Only FMI 2.0 Co-Simulation can be output, and it is output by [Export].
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Probe
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Figurel.2.5 FMU output in sub-sheet format

These procedures are for generating an FMU from a model created in the subsheet format, and the

name of the FMU model created is determined when compiling at C )-@.

1.2.3. Loading FMUs
Twin Builder is only available for FMUs that include the Windows64 architecture.

A) Reading FMU files
From the top menu Twin Builder/ Add Component/ Add FMU Component, select any FMU file.
When the dialog box shown on the left side of fig.1.2.6, select "Import" and the FMU model will be
placed on the cursor. The tree displayed in the dialog is a list of parameters for which you want to
display results or change values, but you can freely add or delete parameters later.
@ Right-click on the placed FMU component and select "Edit Model" to display the dialog box
shown on the right.
@ Selecting another FMU file with the [Replace] button allows you to change the model entity;
use this to switch between Model Exchange <— Co-Simulation models or to update an FMU model

that has been modified.
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Figurel.2.6 Loading an FMU

1.2.4. Others

Modelica Operations

<install-dir>¥Help¥Twin Builder¥GSG¥ModelicaTutorial.pdf

Operations on sub-sheets

<install-dir>¥Help¥Twin Builder¥Twin Builder.pdf Chapter 11 (Adding a Subcircuit to a Twin Builder Design)
Operation details regarding FMU

<install-dir>¥Help¥Twin Builder¥Twin Builder.pdf Chapter 6 (Exporting a Model as an FMU), Chapter 11 (Creating
and Exporting Co-Simulation FMU Models)

Operation details for FMU
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1.3. MathWorks Simulink

Simulink provided by MathWorks supports FMU import/export. The followingTablel.3.1 below
summarizes the support status in MATLAB version R2023b.

Tablel.3.1 FMI Support Status in Simulink (as of R2023b)

FMU Export

FMI Version 2.0, 3.0

Form Co-Simulation (CS)

To export MATLAB, Simulink, MATLAB Compiler, Simulink Compiler

Required License

Remarks e FMU export requires separate Simulink Compiler*!

e FMI 3.0 CS support from R2023b"3

FMU Import

FMI Version 1.0, 2.0, 3.0

Form Co-Simulation (CS), Model Exchange (ME)
To import MATLAB, Simulink

Required License

Remarks e Standard Simulink functionality (FMU block*? ) supports FMU import
e FMI3.0 CS/ME support from R2023b*3

*1. Simulink Compiler is an add-on product released for R2020a.

*2. FMU block is a Simulink block for FMU import introduced in R2017b.

*3 Some FMI 3.0 specifications are not supported as of R2023b. Please refer to the product documentation for details.
Also, to export FMU from R2023b, you need to download and install the FMU Builder for Simulink support package

(free of charge).

1.3.1. FMU export

Simulink Compiler is required to export FMUs from Simulink models. Below is a description of how
to export FMUSs using Simulink Compiler. Note that as of R2023b, only Simulink models running in
Rapid Accelerator Mode simulation mode are supported for FMU export. Starting with R2023b,
variable step solvers are also supported for generating FMI2.0 CS (however, MATLAB Runtime is
required for the environment in which the FMU is run). Please refer to the product documentation for

detailed limitations.

First, prepare a Simulink model to generate the FMU. The followingFigurel.3.1 From the Simulation
tab at the top of the editor, select Save > Standalone FMU.
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| ¥4 PID_Controller - Simulink = a] X

SIMULATION DEBUG MODELING FORMAT

1 Open_~ ﬁg X 0 Stop Time | 10.0 | <m w m> - @

z & sove [~ T ~ | [ Mormat =] Step Run Step Data
S
+ TSAVE estart Back = - Forward Inspector

SIMULATE REVIEW RESUL

—— &l save Ctrl+s

< |Hm

|
I o | &k Savers.

VIEWMARK

Save Viewmark
Capture model's current view for future access

Ctrl+Shift+D

Web View...
Export madel to browser-enabled read-only view

@
|
=
| B EXPORT MODEL TO
=
O

PID Controller

| - Protected Model...
1 Create an |P-protected copy of this model

") Template...
== Create reusable template from this model

| Architecture Model...
| Export madel to Architecture

| ms
= ol Standalone FMU...
» = Expart model to Co-Simulation Standalone Functional Mack-up Unit (FMU)

|Ready| __ sj ion App... 100% FixedStepDiscrete

Figurel.3.1 FMU export from Simulink model

Then,Figurel.3.2 After setting the FMI version, parameters, input/output, etc., finally press the
"Create" button at the bottom of the screen to generate the FMU.

i [5\ Export model 'PID_Controller' to co-simulation standalone FMU X |
[ Description
| Export model to co-simulation standalone Functional Mock-up Unit (FMU) using Functional Mock-up Interface |
| (FMI).
| FMU Settings
FMI Version 2.0 ~ Solver: FixedStepDiscrete © Refresh
Parameters  Inputs  Outputs Internal Variables ~ Additional Resources  Schema

Click the parameter name to edit it in model explorer.

Filter by name or description

Name Dimensions |Exported Source Type Description Unit  Exported Name  Data Type
‘E Kd [11] Base Worksp.. Kd double
Rlki 11 [ ] Base Worksp... Ki double
Elkp 0111 a Base Worksp... Kp double
Open Model Explorer... Select Al Unselect All Reset
Options for saving FMU
Destination folder: C:¥Works Browse
Contents: Standalone FMU(.fmu) only s

| CJ Create model after generating standalone FMU

Name of project archive (mlproj):

ICreate l Cancel Help

Figurel.3.2 FMU Export Settings Screen
In addition to FMU generation by GUI operation as described above, FMU generation by MATLAB
command line using the exportToFMU2CS function (introduced in R2020a) or exportToFMU function
(introduced in R2023b) is also possible.
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1.3.2. FMU import and execution

Simulink provides "FMU blocks" for importing FMUs, which are stored in [Simulink Extras/FMU
Import] in the Simulink library. The following sections describe how to import FMU and run
simulations. Note that FMU import is a standard feature of Simulink and does not require Simulink

Compiler.

Figurel.3.3 Place the FMU block on the Simulink editor campus as shown in Figure 1.3.3, with the
FMU file not yet selected, it will appear in red as Unspecified FMU Import. Double-click the block to
display the Select FMU File screen and select the FMU file you wish to import from the folder (in this
example, ELEC_PNT.fmu).

3 untitled * - Simulink — ] X |
SIMULATION DEBUG MODELING FORMAT =S @
| = (3 0pen ~ & Stop Time | 10,0 = ( .
op O @ |omle g @ B %
New ave v Library = | Nomal e v Step Run Step Data
| ~ = Print Browser u@ Fast Restart Back ~ - Forward Inspector
| FILE LIBRARY PREPARE SIMULATE REVIEW RESUL... a
| untitled £
| ® |[%ajuntitied b
Q =
| E3 @ Block Parameters: FMU X
= | FMU
| = | Implement block using FMU. Specify the FMU name.
&= Unspecified FMU  §
| Import | FMU name:
|
[ ELEC_PNT.fmu (=
| FMU
== OK Cancel Hel Appl
| B3
| »
1 Ready 100% VariableStepAuto

Figurel.3.3 Importing an FMU into a Simulink model

Selecting an FMU file,Figurel.3.4 The block display changes as shown in Figure 1.3.4, and
input/output ports appear. Double-click the block to display the parameter setting screen and make

the necessary settings.
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Figurel.3.4 FMU Block

The FMU block can be wired with signal lines to other Simulink blocks. Once the model is complete,
Press the Simulation Run button (green round arrow button) on the Simulation tab at the top of the

editor to start the simulation (Figure 1.3.5).

¥4, sample - Simulink == [ X

SIMULATION DEBUG MODELING FORMAT

N, ™ Open ~ ]| Stop Time | 1204 - = |
| = [ 0 ‘Iiz‘ || % !
New "= e Library Whogmale e Step Run Step t Data
~ & Print o~ Browser 0§ Fast Restart Back « s Forward Inspacior
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL.. ry
| sample = |
| I}
® |[a[sample -
£ - =,
= T
= : —
] —
| — — . = |
N - B i
o Susss - =~ il
= L |
: |
» |
Ready 25% [Zoom in for more editing features] odel .|

Figurel.3.5 Simulation of Simulink model with integrated FMU
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1.4. Altair Twin Activate

Twin Activate is an integrated platform that allows multi-physics analysis for comprehensive
model-based development. It has a block diagram library for control, and physical components can be
hybrid modeled by leveraging Modelica libraries and other electrical, electronic, and hydraulic system

libraries. It also allows for model integration with other Altair products such as MotionSolve and Flux.
Twin Activate supports FMI import/export, and table 1.4.1 below shows the support status in Ver.
2023. All functions that were supported for import/export in FMI 2.0 are supported in FMI 3.0, as well.

In addition, you can export romAl blocks as an inline FMU using FMI 2.0 and FMI 3.0 export.

Table 1.4.1 List of FMI Interface Functions of TwinActivate

FMU Export

FMI Version 2.0, 3.0

Form Co-Simulation (CS), Model Exchange (ME)
0S Windows 64, Linux 64

Execution License | Not required *!

remarks e FMI3.0 CS/ME support from Ver. 2022.3
FMU Import
FMI Version 1.0, 2.0, 3.0

form  (something | Co-Simulation (CS), Model Exchange (ME)
takes)

OS Windows 64, Linux 64

Execution License Depends on the creator

remarks e Supports FMU import with standard Twin Activate functionality (FMU block)
e FMI3.0 CS/ME support from Ver. 2022.3
*1. romAl license is required if the FMU contains romAI blocks.
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1.4.1. Creating FMUs
DO Create a model in Twin Activate. If you want to create input/output ports when creating an FMU,

you need to place "Input" and "Output” blocks from "Ports" of the Activate library in the Palette

Browser.

Figure 1.4 .1 Twin Activate model

@ Next, use the "Super Block" function to group the model blocks that you want to be integrated
into the FMU. Select the model excluding ports, right-click, and select "Super Block" to create it.

Figure 1.4.2 Super Block creation

@ Double-click on the superblock to expand it, then double-click on the Input port block within to
open the Properties dialog. In the dialog, check the "Time dependency" checkbox. When this item

is not selected, "Force inputs to always active" is checked in the dialog in Figure 1.4.5, no error

will occur.
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Figurel.4.3 Input port block settings

If you want to hide the parameters of the model when creating the FMU, perform the hiding

process on the superblock parameters at this stage.

@ Select the created superblock and choose "Code Generation and Export" under "Tools”.

LUmobne ™« pFar A fraske 31021

o RE W T & TN
L
- ¢ " i
gy | e Fi ='I|||'I
| | = o ik T
Foa N X LA Baxi [* " Cmn g O N ispun Fin
Crowils Oivedial S -
HeTr . P dazh LUkl oem
Mokl P,
s

D D

SuperBlock

Figurel.4.4 Selecting Code Generation and Export

If "Target" is set to "FMU" in this dialog, "FMU type", "FMU version", and other options related

to the generation will be displayed to select according to your needs.

Code Generation and Export @ X
Target Fru
Code generator Standard code gereration
Processor 64 hits
FMIL type CoSimulation & Model Exchange
FRML! version 20
FRAL file name D/ D2 motor frmu =
Super Biock full name SuperBlock Get Selected Block
B Barco gtorh
B Force inputs to always active
B Copy data files into the FMU
Gerarate

Figurel.4.5 FMU generation options

“Model Exchange", "CoSimulation", and "CoSimulation & Model Exchange" are available as
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"FMU type", and 2.0 and 3.0 are available as "FMU version”.

For "Code generator" select "Standard code generation" if you want to use the Activate block or a
hybrid model with other Modelica blocks on a Windows/Linux platform. For usage of the Activate
model within a hardware environment, select "Inlined code generation". However, there are
blocks that are currently not supported by "Inlined code generation". Now, you can copy the source
code into the FMU by checking the "Copy source code into the FMU" checkbox in the lower left

corner.

(® After selecting the appropriate items, click the "Generate" button to generate the FMU in the
directory specified in the "FMU file name”.

1.4.2. FMU import and execution
@ Select the "FMU" block from "CoSimulation" of the Activate library in the Palette Browser and

place it in the modeling window.

L L R R LY

B e s Dmi @

Ll e i ® T, il P
e e e s A
.

urs Gt ] TRLchre

Figure 1.4.6 FMU block placement

@ Double-click on the FMU block and specify the corresponding FMU in the "FMU file name" in the
"General Parameters" tab of the properties dialog. FMU input/output port and parameter

information will be loaded, automatically.
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FMU : - : QX
General Parameters  Advanced Reporting  Model Exchange  Co-Simulation
| FMU file name 'D/Sample_6¢3/ALT_CNT fmu’ =1
Numter of continuous states 0
Number of zero-crossing surfaces 1
Numter of clock variables 0 5
Number of inputs 4 g
Input ports
Name Description Datatype Direct dependency vector for the input
1 BT_PNT_Lo_PCT’’, Dims: 1" ‘Real’ 1%0
2 'flag_fuelcut’ *, Dims: 1" ‘Boolean’ 1*0
3 'flag_IdeStog’ ’, Dims: 1° ‘Boolean’ 1%0
4 'nengrpmsig |, Dims: 1’ ‘Real’ 1%0
Number of outputs 1 2
Output ports
Name Description Datatype
arget wolt ALT V', Dims: 1" ‘Real’
Number of parameters 10 g
Parameters
Name Description Value Cog
1 OffOutputValue’ ', Dims: 1° ‘Real’ 1000000
2 | .OnOutputValue' ’, Dims: 1° ‘Real 0000000
3 witch3 Threshold' ', Dims: 1" ‘Real’ 0500000
4 ‘F.RPM_HYS_rpm’ ’, Dims: 1" ‘Real’ 600 000000
5 N_RPM_HYS_rpm’ ’, Dims: 1° ‘Real’ 1000000000 o
Reload file Reload
FMU Documentation Show
Additional outputs i
Info Apply oK Cancal

Figurel.4.7 Importing FMUs

@ The "Advanced" tab allows you to specify various additional parameters. If you are importing a
hybrid FMU that includes both - Model Exchange and Co-Simulation - you can run it as Model
Exchange by checking the "Run as Model Exchange If both FMU types are provided" checkbox

within this tab. When importing a Co-Simulation FMU, you can set the communication interval

for Co-Simulation in the "Preferred fixed communication step size" field within the "Co-

Simulation" tab. After clicking "OK" in the dialog, the corresponding FMU will be placed as a

block in the modeling window.
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Figure 1.4.8 Advanced tab

A : o x

Goreral Porwmetors  Advrced  Roporting  Model Bxcharge  Co-Simuaton

I Preferred fed communicaton stepste 00 I
FVU ingut intergobebon

FNU output wxtreootion omier
Secondey simustor stoukd te visite
Froskie rolbnck

Expok dectionsl derhst he

Wt Accty o) Cancel

Figurel.4 .9 Co-Simulation Tab

@ Import all necessary FMUs as described above and connect them appropriately as signal names
are displayed in the ports of the FMU block. Figure 1.4.10 below shows an example of a model.
with multiple FMUs.
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T I
===} L I T — fmi "-"':-i:' —
frmi i = [Mig -
—
ey = fmi ¢
=
80

Figurel.4.10 FMU connection model

(® Set simulation parameters such as run time and solver via the "Setup" button of "Simulation"
menu in the upper ribbon and execute the simulation via the "Run" button of the same menu.
If you want to see the simulation results in a graph, connect a "Scope" blockfrom "Signal Viewers"

of the Activate library in the Palette Browser to the model.

CIE 2 ]

WO

I
e m fl i
] N m‘ llJ Nl L’l/‘il. f '11 .&W

o i

Figurel.4.11 Simulation run results
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1.5. dSPACE SystemDesk and VEOS

dSPACE offers SystemDesk as a tool for generating FMUs compliant with FMI 2.0/3.0 and Virtual
Ecu Offline Simulator (VEOS) as a tool for simulating FMUs compliant with FMI 2.0/3.0 on a PC,

respectively.Table 1.5.1 andTable1.5.2 Table 1.5.1 and Table 1.5.2 respectively.

Table 1.5.1 SystemDesk Interface Features

SystemDesk's FMI creation function

FMI Version 2.0, 3.0
Form Co-Simulation
0S Windows, Linux

Execution License

unnecessary

Tablel.5.2 VEOS Interface Features

FMI read function of VEOS

FMI Version 2.0, 3.0
Form Co-Simulation
0S Windows, Linux

Execution License

Depends on the creator

The dSPACE software tool chain for simulating an FMI-compliant FMU is shown inFigurel.5.1

FMI-compliant FMUs generated from SystemDesk and built/simulated by VEOS.

Modeling FMI 2.0/3.0
Simulation
@ = === | Export :
Integration -
=5 fm 9
- um(vny ‘ Import —_- Mot 3"|DESk
O, @ e ControlDesk e ‘
——— SystemDesk - -, VEOS ' AutomaticnDesk |
f * s Download ' Access
>
% sic N A E a
| - Import =4
{ VEOS
Legacy Code v
Figurel.5.1 dSPACE's software tool chain
1.5.1. FMU generation with SystemDesk

SystemDesk can generate FMUs compliant with FMI 2.0/3.0.

SystemDesk 1s a tool with two purposes: first, as an AUTOSAR-compliant software design tool, it
allows the design of software components according to Classic or Adaptive AUTOSAR. The second

purpose is to generate BSW for simulation and to combine it with the application software so that it
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can be used as AUTOSAR compliant software. The second objective is to generate a BSW for
simulation and combine it with the application software to see how the application behaves as
AUTOSAR compliant software. In this case, SystemDesk generates a container file called Virtual ECU
(V-ECU) as a system under test for virtual verification on a PC. In this section, we define an FMI-
compliant V-ECU as a "V-ECU FMU”.

The following procedure generates an FMI-compliant V-ECU FMU from SystemDesk.

The procedure is shown here using FMI 3.0 as an example.

<Prerequisite>
Necessary files from TargetLink or LegacyCode are already imported into SystemDesk as
application software.
<Procedure>
In the ECU Configuration Manager, select ECU Instance and create a new ECU configuration for
FMU
Create a new ECU Configuration for the FMU. Select an appropriate ECU Configuration
according to whether or not bus communication is used and the type of bus communication, and
then add the necessary BSW modules. The required BSW modules are generated as shown in
Figure 1.5.2.
Since the FMI 2.0/3.0 option is available here, it must be selected when generating an FMU.

¥ hew g (=
- » wt b3 @l o = »
{ ’ J ’ x
W Svar Lo - ' @ . t
W Yewer_ Cara i o & Eoslond ’ 4
@ Coeerir Qikn » B s Qouts
O»
- o Y e
J .
i - | 5 L -
» @ vt
' 1 Pory
» @ R ey =
& s =
sl oy
o - o -~ g et O e : y ',, 1 '

Figurel.5.2 Generating a V-ECU

Edit Runnable Mapping and Generate Mappings for a new ECU configuration(Figure 1.5.3).
This is the first required setting in ECU Configuration.

Each application runnable is associated with an OS periodic task.
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Figurel.5.3 ECU Configuration

- ”"Edit RTE Interventions”, “Enable Intervention Services”, and “Create RTE Intervention
Points"(Figure 1.5.4).
An RTE intervention is a setting that is added to the original RTE code to access and override the
communication of a software component when the simulation is run.
For example, when testing a software component, it may be necessary to input a stimulus signal or

error generation.

= - R—
d P 2B 2 o
,.‘ - » - .. o -
" o
* 3 wne l > . e e
- & rensi o §
. — = : )
-~ - C
R S—._ R —
1 —
@ Ao r— - » . - -
B g v ¢
[ 4 o o . 5 ¢ - . "
43 . =
4 o
-4 A
~ 4 o -8

Figurel.5.4 RTE Configuration

Select ...and Services (Data Access Point) from the Create RTE Intervention Points pull-down menu.
Execute as shown in Figure 1.5.5.
Generates I/F signals to be used externally. When built into VEOS (simulation platform), this I/F

is used to connect signals to other container files.
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Figurel.5.5 Generation of RTE

+ Execute Auto Configure and Generate.

The C code of BSW is generated according to the settings made in ECU Configuration(Figure

1.5.6).

e - - v
d F L 2| 2 |¢ - W E. Shee
- - n o
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- . <

. 4
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Figurel.5.6 C code generation for BSW

The FMU container from the V-ECU Manager. Create an FMU container from V-ECU Manager as
shown in Figure 1.5.7.

Hierarchizes and stores C code, a2l files, etc. required for V-ECU container files.

a 4 oHo- . . -~ W Owen wice o x g @ o - . overs
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Figurel.5.7 FMU Container Creation
- Finally, the created FMU container is Exported as shown in Figure 1.5.8. (Generation of V-ECU
FMU)

Select the platform environment for simulation using the V-ECU FMU, such as Windows/Linux,
GCC/MSVC, 32bit/64bit, etc.

3 v tgun 1

—_—
- ~
= o 5 - ) b ,
- R e— . , . —
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.- . I e a
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Figurel.5.8 V-ECU FMU generation

1.5.2.  FMU Simulation with VEOS

FMUSs compliant with FMI 2.0/3.0 can run simulations in VEOS.

VEOS is a PC-based simulation platform that can simulate a wide variety of models from control
models to virtual ECUs (V-ECUs), bus systems including networks, and vehicle models, even in the
early stages of development without actual vehicles. The system can simulate a wide variety of models,

from control models to virtual ECUs (V-ECUs), bus systems including networks and vehicle models.
Follow the steps below to build the FMU in VEOS and run the simulation.

<Prerequisite>

FMI-compliant FMUs are generated using SystemDesk and other generation tools.

<Procedure>

+ Select the FMU to be implemented in VEOS from Import as shown in Figure 1.5.9.

— >
»
- % % % <
New Open import [Export Autoconnect Add New Communication
. - . . Chuster » C
‘._\‘
$# Port Tog x  B*\etwork Topology X @ Mode
\
¥ Select Fike for import.
PC > 'U-A Y422 (D3 > work 2023 > FMI30
=% vy
&= E2%y P B
Login dsFMUECufmu

Figurel.5.9 Selecting an FMU
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- Select a compiler to be built with VEOS as shown in Figure 1.5.10.
The compiler to be selected should be the same as the compiler used for FMU generation.

(Compiler used to create libraries in FMU)

L)
File path: D ¥work 2023¥FMB0¥WOrk §dsSysD_onVEOSYSDILO EmAVECmplementations SasFMVIU
Buid Options Codce Fles Appixaton Opoons

Semulation target

C Compiler cpmions $ Smulation Target Manager - [
{ . C Propert
«+ Complier cotions Semulaton Targets Operiies
Nare Detau -
Erable detrug v o
HotPC I AGLC
SPow Irker warmings P IIRI0 pe Macrocontroler Tor et bowrds
{ 6 et 1
Buld dwectory oW HostPCe4/GCC
4MS
K
.- v
Hep b >
roatd

Figurel.5.10 Compiler Selection

+ The FMU will be built in VEOS as shown in Figure 1.5.11, and if no errors occur during Build, it
will indicate that the FMU has been imported on VEOS.

I

L
(e

)
e ]

Figurel.5.11 Building the FMU

* By pressing the Start button, The simulation is executed on the VEOS platform as shown in Figure
1.5.12.
By registering VEOS as a platform in a measurement tool such as ControlDesk, you can check
the behavior of FMUs running on VEOS.

orme muly View
N = Break brme Infney v Reo-tme sccelenation tactor 1
Sngle tepume 0
Sefect Unicad Start Step
Semuance $0p tme Infinty
r * Topokog L
a + - -

[# EcuCorfguration_askWUEcu g EcuContiguranon aFMUEN

Figurel.5.12 Simulation Start
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1.5.3. Simulation using FMI 3.0 with VEOS
When implementing an FMI3.0 compliant FMU in VEOS and running simulations, the following

implementation and simulations can effectively utilize the FMI3.0 specification.

1) Use of arrays and integer data types
In FMI 2.0, only Real, Integer, String, and Boolean data types are supported, and in cases where

arrays are used, the array elements are broken down into scalars when implemented in VEOS.

For example, if an array with 5 elements is an I/F, it will be broken down into 5 elements after

VEOS build(Figurel.5.13). In this case, when connecting I/Fs, connections must be made for the

number of signals decomposed.

Trver ot

4 Comtaims W

frevar wwon

Figurel.5.13 Implementation of an FMI2.0-compliant FMU
On the other hand, if logic with a similar I/F configuration is created as an FMI 3.0-compliant FMU,

it is array-compatible, so after VEOS build, the implementation is as shown in Figure 1.5.14.

-

4 Gowrw

Tiows oot

# Covare o

Favon wue

Figurel.5.14 FMUS3.0 compliant FMU implementation

2) Using Binary I/F and Clock
FMI3.0 newly supports Binary data and Clock signals, which can be utilized to build a mechanism

to exchange sensor data via bus I/F.
An example of an implementation is shown inFigurel.5.15. Two FMUs are connected via the CAN

bus, sending and receiving binary data, and triggered by a clock signal.

I
37
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V-ECU FMU V-ECU FMU
- mi 3.0
$7 4
> * & &
S & & &
O O ) &
5 o oD
& & & &
Bus Terminal Bus Termnal

T ) 1T

l Simulator or Bus Simulstion FMU l

Figurel.5.15 FMI3.0 implementation of Binary and Clock signals

3) Sensor simulation with Binary I/F and OSI connected
FMI3.0 connects to the FMU's Binary I/F, for example, the ASAM standard Open Simulation

Interface (OSI), Figure 1.5.16 shows how signals can be sent and received.

Automotive Simulation
Models

&

VariableSize VariableSize

Object-based Sensor
Model

"N
-

o~

frra 3Binary fmi3Binary

mi 3.0

Array Array

SIC

OS13:SensorData

Figurel.5.16 Binary I/F connection using ASAM OSI

Using FMI3.0's Binary I/F, you can realize a system in which SensorView information is sent to and
received by a sensor model using OSI from a model that includes the vehicle and associated traffic
scenarios, such as dSPACE ASM Traffic, and the sensor model using FMI3.0 detects and feeds back

the results. The results of the traffic simulation using OSI are shown inFigure 1.5.17.
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Figure 1.5.17 Traffic simulation results using OSI
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1.6. ESI SimulationX
SimulationX is a simulation tool using ESI's Modelica language. The tool is paid for. This

presentation is based on version 4.2. The features that this version has, Table 1.6.1 shows the features

of this version.

Note that the license structure has changed since SimulationX version 4.4. Please contact the

license provider for details.

Table 1.6.1 SimulationX FMI Interface Feature List

FMI Creation Function

FMI Version 1.0, 2.0

Form Model Exchange, Co-Simulation
0S Windows 64, 32

License At the time of FMU creation:

Optional license "Code Export for FMI" is required

At runtime of created FMU: Not required

FMI read function

FMI Version 1.0, 2.0

Form Model Exchange, Co-Simulation
(0N} Windows 64

License When reading FMU: Not required

At runtime of loaded FMU: Depends on the creator

1.6.1. Creating FMUs
This section describes how to create an FMU. First, activate the optional license "Code Export for

FMI". Then, select the menu SIMULATION > Export > Code Export Wizard.

START  MODELING | SIMULATION | POSTPROCESSING  VIEW  SCRIPTING ~[Type in a search term, (Ctri-
—— [} A 4 Q Q) [—
C ) Transient v {é\\l © v
o - b Q x| Ec |
Start » _|Properties ~ Simulation Natural C-Code & <
2. |BOF Method Time Frequencies 1 7 TVA Report Generator

Simulation
Simulation Animation Analysis Export Tools

Figurel.6.1 Accessing the Code Export Wizard
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In the Code Export Wizard > Project, select "FMI for Model Exchange" or "FMI for Co-simulation.
Next, specify the Project Name and Project Path (destination folder).

L5 Code Export Wizard - J1_SimulationX_CS - o X
Select the project type and specify the project properties. /"

Propct Name:
FMU_J1_Casel_SimulationX_CS_2

Project Path
lo.\moz
Delete existing project files
Enter additional lbrari_
~ Split kong functicns
Options

Type | With CVODE Solver

Figure 1.6.2 Project in the Code Export Wizard
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In FMI-Configuration, set the creator, version, image, description, etc. of the FMU block; in
Platform Support, specify the number of bits in the tool that uses the DLL of the .fmu file you have

created.

£+ Code Export Wizard - 11_SimulationX_CS - ] x

FMI-Configuration r\

Dezcription:

n.cs2

Wersion:

Options: Platform Support:

FMI-Configuration

Inpuits

Ohplts \v| Expose internal variables [C]win32 Platform (x86)

Fammsten ] Wing4 Platiorm (x54)
Code Gensmation
Past-processing [Jinclude source code in FMU

Model Image (PNG):

| | | Browse .. |

Documentation (HTML):

| | | Browse ..

= = R =" N

Figurel.6.3 FMI-Configuration in the Code Export Wizard

In Inputs, select the ports to be input into the FMU block. Double-click or Drag & Drop the target
port to add it to the "Selection". Only the Signal Input port can be selected.

L5 Code Export Wizard - J1_SimulationX_CS - O X
Inputs p
Select the inputs for generated model by using double click or drag&drop. /‘f’
g

Elements: 51’ > Selection: E E‘ Pl ‘ x | G
(- & stepSignal (Puise Generator) | Input | Element
Fik-Configuration . v x{Signal Input) i ; stepSignal
(=1 6 tauFromsD {External Torque) int {Signal Input)
B i1 (Signal Input)

Project

Outplis
Farameters
Code Gene=ration

Past-processing
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Figure 1.6.4 Inputs in the Code Export Wizard

In Outputs, select the variables to be output from the FMU block. Double-click or Drag & Drop the

variable to add it to the "Selection".

£ Code Export Wizard - 11_SimulationX_CS - ] X
QOutputs
Select the outputs for generated medel by using double click er drag8drop. /“;’

Elements: Selection: BE L | x | L
- 4 inertial (Inertia) Output | Element.
FMI-Canfiguration & 45 source1 (External Torque) Ti(Intemal Torque) sourcel
Ti (Internal Torque) dphi [Angular Difference]
Jnpts : dohi (Angular Differenice) Ti (Intemal To

Project

dom (Speed Difference)

Pe (External Power)
Paramiters i~ Tk connection (Mechanical Connection (rotz
[~ {#} stepsSignal (Pulse Generator)
Code Gen=ration i Tk connection2 Signal Connectian)
L = 5 tauFromsD (External Torgue)
Past-processing [ T (Internal Torque)

e dohi (Angular Difference)
[+ dom (Speed Difference)
- [7] Pe {External Power)

[ Bk ][ Mea | [ esh || Cancd [ Hep |

Figurel.6.5 Outputs of the Code Export Wizard
In Parameters, select the parameters of the FMU block. Double-click or Drag & Drop the input

variable to add it to the "Selection".

1[5 Code Export Wizard - 11_SimulationX_CS - O x
Parameters
Select the parameters for generated model by using double click or dragfdrop. /‘J;'

Elements: %T bt Selection: E Eé‘ E | x | N

Froject

- nertia) Parameter |E[eme'nt

FMI-Canfiguration 5 source1 (External Torgue) J [Moment of Inertia) inertial
- & connection1 (Mechanical Connection {rotz H [Height) stepSign.

Inpuits +- (&) stepSignal (Pulse Generator) E i
i " connection2 (Signal Connection)

Dutputs e 45 tauFromsD (External Torque)

al

izl

Code Gensmation

Past-processing

| ek | [ Nea | [ Fms || Cacel | [ Hep |

Figure. 1.6 .6 Parameters of the Code Export Wizard
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When you move to Code Generation, a sole file of the model is generated. When the generation is

completed, the source files and other files are lined up in the folder specified in the Project Path.

| 5 Code Export Wizard - It_SimulationX_CS - 0 x
bt
Progres
—
Curtgrst
I
Code Generation ‘
|
|

Output
FMU_IT_ Casel_SimulationX C5_2 - 0 Errors) O Warningisy 0 Information

Figurel.6.7 Code Generation in the Code Export Wizard
Compile with Post-processing. After selecting the compiler , press the Build button to start

compilation. An FMU is created in the destination folder.

[ Post-processing

N

Compiler:

GNU C/C+ + Compiler (tdmé4-1) 510 v Advanced << Build
Additional Libraries:

Additional Library Paths:

| ] J Browse. A Compile with Optimization

Additional Compiler Optians:

Output
Post-processing r o

4

Xcg_PMU_TT ,Cam_slmular.umk,cs_z_decu
Jcg FMU_J1_Casel_SimulationX_C5_2_initjacc
Hcg_FMU_N_Case1_SimulationX_C5_2_jacc
- Ty

build FMU_J1_Case1_SimulationX CS_2.dil v
clean intermediate binaries # |2 FMU_J1_Case1_SimulationX_CS_2.dll

FMU_IT_Casel_SimulationX_CS_2.dil (win&4) - 0 Error{s), 0 Warningis) L] FMU_I_Case1_SimulationX_CS_2.dsp
[] FMU_I_Case1_SimulationX_CS_2.dsw

[T FMU_J1_Case1 SimulationX_CS_2.fmu

Back et 1 EMU 11 Cacel Si tionX CS 2.mak

Figurel.6.8 Post-processing in the Code Export Wizard
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1.6.2. Importing FMUs

Import functionality is included as a standard feature and does not require an optional license.

First, select MODELING > Add FMU Block... Select MODELING > Add FMU Block....

A
o Pture

o 5 Uements &
Gnd  Algn New ) Tewt Bk
To Gt - Comnechoms & Vew Type e

Lo Ladels reate Type State Macrene rien

Figurel.6.9 accessing the fmu import function

Next, specify the .fmu file to be imported.

FRUAEIN ALT A w Bt Mk Un g Sy

Figurel.6 .10 Specifying the .fmu file to be imported

After specifying the file, select the options to be used when importing.

Functional Mockup Unit Import X
Settings

Implementation:

FMI for Co-Simulation

Expose internal varisbles

Igrore multidimensional parameters

Use Modelica pins for inputs and outputs
Import multidimensional variables as scalars

Info.

Open element type in TypeDesigner

+ Inzert elament as component in modal

e

Figurel.6.11 Settings for Functional Mockup Unit Import

Options with/without checks are described below.
Use Modelica Pins for Inputs and Outputs:
Without check, the Signal port of SimulationX is used.
If checked, uses Modelica's Block port.
Open Element Type in TypeDesigner:
Open TypeDesigner and configure port names, parameter names, etc.

Insert Element as Component in Model:

Automatically places imported FMU elements on the Model View.
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Repeat the import process for the number of FMUs. Connect the ports of the imported blocks.

HEERS & Model1 - SimulationX 4.2 Professional Edition o x
m START = MODEUNG  SIMULATION  POSTPROCESSING  VIEW  SCRIPTING - »
r'~~ 5 pins /= & *| g z v
g . X [ad Picture & Zoom
= % Blements e 8 O r
Grid  Align . New . Eltetsox [ showan c
ToGrid '+ Connections = @ New Type State | (D
Grid Labels Create Type State Machine Insert Navigation Tools Amange
Libraries v 8 x [T Modelt* x )
e
" Modell »
gl - S i
LT CNTY N B
4 SimulstionX 42 i
L
> @ Model o s
»
" m
3
o
&
3
3

3
B

Figurel.6.12 Model Connection Example

1.6.3. FMU Execution
At SIMULATION >Properties, set the simulation conditions.

3 SIMULATION POST PROCESSING VIEW SCRIPTING

Transient - {(CE_:L Start: 0 1 -

Properties § Stop: 1204 5 ¥

fE Equilibrium
L ]

RE

Fixed Step Solver [compil =

r Record

Simulation Simulation Time

Figurel.6.13 Accessing Properties

In this case, the values to be set are

Start Time 20 [s].

Stop Time 11204 [s].

Solver, Step Sizes and Tolerances : Fixed step Solver

Integration method : Euler Forward (Equivalent to ODE1)

Min. Calculation Step Size 10.0025 [s]

Min. Output Step Size 20.01 [s] - -+ + Arbitrary since it is the sample

time of the output result.
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Co-Simulation requires setting the time interval for each FMU to receive the input signal
(Communication Step Size). Double-click on the model and go to Properties> Master Algorithm. This

time, set Communication Step to 0.0025 [s] for all models.

|_‘ev‘\-$_Cl\". {S) Properties - eNG_CNT1 X
| FMISettings  Master Algortnm  Parameters Results  General 1
-
WV General Parameters

B
.

Master Algorithm MasterAlgonthme Expiicit .

I Communication Step Sze e 29 I e .- @

Figure 1.6.14 Properties > Master Algorithm> Communication Step Size

Settings are required to observe the output results during simulation. Double-click on the model

and go to Properties> Results. Check the box to enable observation.

{83 Properties - pWT_PNT1 X

FMI Settings Master Algorithm  Parameters Results General q b

Vv General Results

Signal Output 'n_TM_PNT_rpm: B
Signal Output ‘n_eng_rpm’: | |
Signal Output ‘trq_ DF_PNT_Nm: ] |-
Signal Output ‘tScope_Fuel’: E] L
Signal Output ‘tScope_Fuelraio’: E K
Signal Output “tScope_CVTLoss’: |5 |-
Signal Output ‘tScope._trq_Flywheel2: <] |- v
Signal Output "w_ENG_PNT_radps”: |[X] |-

Figurel.6.15 Properties > Results

Run the simulation at SIMULATION >Start Simulation.

;" H l't' > 1 {3} v met_fmi - SimulationX 4.2 Professional Edition
START  MODELING | SIMULATION = POSTPROCESSING  VIEW  SCRIPTING

l , —_— Transient v {6’0& ®
53 Equitibrium
S-msx:l.alzlon » 2 Record Fixed Step Solver (compil ~ P’°°f"'“ s";‘l‘r‘“l:tf”

Simulation

Figurel.6.16 Start Simulation
Right-click on each imported FMU, and the output results will be displayed in the Results section.

LQNG_CN"

—
—_— § Find References
.
— [ > Results »
_. -

 — All Protocols (Selection) on

Figurel.6.17 Output Results
1.7 Gamma Technologies GT-SUITE
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GT-SUITE is a multiphysics system simulation tool developed by Gamma Technologies, Inc. It can

be used for NV evaluation of energy efficiency, noise, etc., and thermal management evaluation of

cooling systems under arbitrary operating conditions.

FMI 1.0 and 2.0 are supported. (3.0 will be supported in the future.)

Co-Simulation and Model Exchange are supported for import into GT-SUITE, while Co-

Simulation is supported for export from GT-SUITE (FMU generation).

1.7.1

Import to GT-SUITE

+ FMUImport settings
Use the FMUImport object to load FMUs generated by other tools.

When you select the FMUImport object from the GT-ISE library, you will initially select the FMU

(*.fmu file). Then the signal names, etc. will be loaded in the Inputs/Outputs folder.

Next, place the FMUImport as a part. To pass signals to the imported FMU, connect any signal to

the FMUImport via SensorConn. (Alternatively, you can use the Inputs folder to receive signals from

SendSignal or RLT values.) To receive signals from FMU, connect FMUImport to any part via

ActuatorConn. (Alternatively, signals can be sent to individual parts via the Outputs folder.) Multiple

input and output signals can be handled.

Home | Data

Tools

Cbject Family
}E GT_Slave Engine

«" Main

" Inputs {from GT to FMU)

w" Outputs {from FMU to GT} . Parameters . Internal Variables

L H: GT_Slave_Engine Attribute Urit Object Value
FrL to Impart (find object in Praject Tree to edit) >
FMI Werzion w2l -
FriU Tvpe cozitulation -
Mumber of States 0
Communication Interval s i defg
Enable FMU Message Logeing [
Enable Signal Feedthrough [}
€|, i | ¥
“ Ok || [ Gancal ” ’ Apply I]
Ohject Family . . =
. " Main || + Inputs {from GT to FMU} § _# Outputs {from FMU to GT} .~ Parameters ./ Internal Variables [ Plots
H: GT_slave_Engine —l ! P
GT 5l B ; Sienal Description Signal Mame in FMU [Wireless Sienal ar RLT] 'SendSienal’ Ihitial Input | Duration at |1
H: GT_Slave Engine l;‘ fittrib..| Mamed-Signal Mame Walue Thitial Ihput
= -
1 Engine Speed Ere_Speed ign 120 2 ign |;| B [aea|
2 Throttle Angle Throttle_Ane i igh|...| B‘ ..
3 ‘Waste Gate Diameter WG Dia =gl igh o] E
4 Fuel Ratio Fuel Fatio [l | ign ... | s
B =] ]
B .. L] L.
_ 7 . | |
1| i | ¥ i o = =
| l Ok || [ Cance| ” ’ Apply ”
T T
O.hjec:t Family " Main o/ Inputs [from GT to FMU[I " Outputs {from FMU to GT) I./ Parameters o/ Internal Variables Plots
H: GT_Slave_Engine
&T sl i ; Sienal Description Signal Name in FMLU Signal Mame (Transmitted Tnitial Cutput Durs
G GT_Siave Endine D Aittrib.. Wirelessly) Value it
3 48
1 Ereine Speed - Raw EngSpeed_Raw igh [hitEneSpd] ...
2 Engine Speed - dverazed EneSpead_five ienl...] [OnitEreSpd]]...|
3 Engine Torque Ene_Torque ien 50 |
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| 21| Edit Links *
Link ID for part [ENGINESignals:ENGINESignals-1] Link ID for part [GT_Slave_Engine-1:GT_Slave_Engine-1-1]
Filter: |iNo Filter: | Mo Filter ~
Main Main
D | Qutput Name Unit Required? Uged D Thput Mame Unit Required? Used
1 Engine Speed v i 1 Engine Speed v P
2 Throttle fingle v 2 Throttle fingle v
3 Waste Gate Diameter v 3 Wazte Gate Diameter v
4 Fuel Ratio v 4 Fuel Ratio V4
QK ] | _Qfan:el | | _ﬂdd a_nd Onmhr_’\_ue_

Main ENGINE_FMLU. 3] TR.fyI‘]SM]BSION WEHIGLE DRIVER, EcU TGU Mode|_Description

=
— -
:----9‘ =
, Pk >
n { —
2 E : Flvwhgijé
X H T A » T[_;: ? + Damper + ;@
EMGINE = : \ TorqLeé Flywhegl-1 _ Flywheal-2 ToPart_9
sighalg-T = H AN L
= el . \ Flywheel
A e SR
\ A L

FMUImport

.
X |2l Inpust Sidgal Editor for part Torque
A
Link ID for part [Torque:Torque]
\
\

=l Output Signal Editor for part GT_Slave_Engine-1-1
Link ID for part [GT_Slave_Engine-1:GT_Slave_Engine-1-1]

e e e

Main Main

1 ‘ i s Wi feniec | Wt | 1 ‘ Thput Name Uit | Required? | Used
i ~
3 Engine Torque v I 1 Torque (T) MN-m ~ v I

[} Intake Manifold Pressure

] Compressor Pressure - fAveraged
oK GCancel

oK Gancel I

(e.g.) When passing engine speed, etc. to FMUImport and receiving torque
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+ Calculation execution

Running the simulation as usual from GT-ISE will start the calculation.

v2 D:¥ g¥Sl_4cyl_Vehicle_FM G = [m]
m Home  view Data Tools - B -9 -7 | o o @ X
45 Undo of Cut r Find [ Preprocess
! L 8 rempl A
L plate ~
Mo Copy i [ stop
f’ Redo r .
Template & Find Value View
File J [T Paste Library ~ Map Mode | Model Setup J Optimization Results & Distributed Queue
| pe— E— i - - |
O
e E = £
[I:I Skip To Step Pause Switch to Messsging ) Manage Miew Results
Next Case Simulaticn and Keep Traditicnal Fort Size  Messsging Perspectives (completed
(end of cycle) (end of cycle) License Messaging Odlor cases)
Scheme
Al - - - - - -
(] MESSAGES ’E'\ B x (] STEADY STATE SUMMARY
INFO Shared object versions used: () Variable Value Variable Value
C:\GTI\v2017\GTsui te\bin\win32\gtstoredp.dll 2.0000 Case Tof 1 Flow YES
C:\GTI\V2017\GTsui te\bin\win32\gtmt.d11 2.0000 Case Setup Number 1 ODE NO
. . Case Label ien
= INFO Allocating Object/Part memory... -
[er SU‘TEE INFO TqConvConn_TQCC Time s 30027
wvehicl The entered torque ratio data or actual torque converter GPU Time h:mm:ss | 0:01:45.72
=: operation exceed the speed ratio of 1. Torque converter
To Open efficiency is defined as the the product of the torque rati:
and the speed ratio. Please verify the performance
. Press T characteristics of the torque converter and driver behavior
=] | to ensure accurate results.
DDOompn INFO Allocating special part array memory...
= fad ve
i E’E LEGEND: 4 Cylinder SI Engine/Vehicle Example
INFO Wall Temperature Update Interval is set to “"def".
(=} EV The timestep for wall temperature calculations will be 0.5 G VEHICLE E|: X
i (The smallest of 1% of the total simulation time, (] PROGRESS - ; .| Vehid
E‘i the RLT update interval, and 0.5 sec.) Variable Unit (¢}
1 oS . 0 I Vehicle Speed|km/h 35584
ERRRCT| ZHEO: Tota) Number iof Farts = (i Percentage of Campleted Cases - 0
=@ ve
=- Case Number: 1o0f 1 < >
Case Setup Number: 1
(] GPU % BY GLUSTER (]
ODE STEADY STATE - ODE Solution Cluster: ODE Cluster 1 (Column Case 1 (Steady-Stste Auto Shut-Offce) - 5% Vaviable' Type I Cluster I %0
NO Velo. dvmax (%) = 100.0000 at cmp : CAR 1 IODE/Mech |ODECluste IlOI]DI]
NO Torq. dTgmx (%) = 199.4367 at cmp : AXLE-REAR-01 -
0DE STEADY STATE - ODE Solution Cluster: ODE Cluster 1 (Column
NO Velo. dvmax (%) = 50.0811 at cmp : CAR
TI NO Torq. dTgmx (%) = 198.3032 at cmp : AXLE-REAR-01 V.
"ﬂlevanesj < > 3l < >
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1.7.2 Export from GT-SUITE (FMU generation)

FMUExport settings
Use the FMUExport object to set up signal passing with other tools.

S G
YR
& = FMUExport

4. Inputs, Dutputs snd Parameters
in "Signal Name in FMLU" lists. Inp
can be oreated in the "Link” Map

5. In Outputs tab, "Initial Cutput Ve
during initialization or for the pref

6. Hit "Export” in FMUExport ool
go to "Tools -> Bxport Model as |
will cpen, and the FMLU will be ex

24 "I.mpt

]

In the Export Option folder, select the compiler to be used in Available Compiler and specify the
installation folder in the Complier Installation Directory. Specify the environment in which FMU will
be used in Platform Compatibility. The radio buttons allow you to select whether or not the installation

of GT-SUITE is required in the FMU user environment.

;gjiijul;‘lg:i | «" Inputs {from GT to Master} . Outputs (from Master to GT) + Parameters Flots
E}-E FMUExport |;| Attribute Object Walue
FMI Wersion w2l >
Aweailable Compiler ME Vizual Studio_2017 r
Caompiler Inztallation Directory C¥Program Files (8% Microzoft Visual Studio¥201?¥00mmunity|;|
Platform Gompatibility winfid -

@ | Standalone
@ | Meeds GT-SUITE Thetallation

L oc [ omel [ mew |
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The Inputs/Outputs folder specifies the signals to be passed from GT-SUITE to other tools, and the
Outputs folder specifies the signals to be passed from other tools to GT-SUITE. Signal Name in FMU
is the signal name of the FMU, which is read by other tools.

Ohject Family

i Inputs (from GT to Master] [
E}‘E RELa ™ Expoﬂpnoni W Inputs (i }|I,,r" Qutputs [from Master to GT) ./ Parameters Plots

B (e JExport : Sienal Dezcription Sienal Mame in FMU \Wireless Signal or RLT] ‘SendSignal Initial Input Value
e l;‘ fittib., Named-Signal Name
1 Engine Speed - Raw)... EngSpeed_F{awE igng 1B [aes 1B [eee
2 Engite Speed - Averaged|...] EngSpeed_vag ign g 11 [aea) las]
i Engine Torque|...| Eng_Torque|...| 1 IR o st
4 Intake Manifold Pressure|...| Press IM|...|| TIhtakeManifold:2..|...| I e ]
] Compressor Pressure - Aver. . CompPress_fvel.. I |ana [ )
6 LJ L]
|[ 0K ]l | Cancel n ’ Apply ]i
;1':31"3“ Bl /' Export Options ./ Inputs {from GT to Master}l + Outputs (from Master to GT)| .~ Parameters Plots
sy FMUExport
v FMUExpart. ; Signal Description Signal Mame in FMU Signal Name (Transmitted Ihitial Output Duration at Thitial Output
}i‘ |;| fittrib..| Sfire less b Walue (Cozimulation Orlkd
I= -
1 Ereine Speed|...| Eng_Speed|... ighl...| [hitEneSpd]|... 001...
2 Throttle Angle|... Throttle_Ane ... 180 e 200... 001,
3 Wazte Gate Diameter .. WG_Dial . 180 [aen 0l... 001
4 Fuel Fatio|... Fuel_Fatio|... iEn ... | |§ 555 00i...
5 22
fi
|[ oK ]] [ Gancel |] [ Apply "

To pass signals to other tools, connect any signal to FMUExport via SensorConn. (Alternatively, you
can use the Inputs folder to receive signals from SendSignal or receive RLT values). To receive signals
from other tools, connect FMUExport to any part via ActuatorConn. (Alternatively, signals can be sent

to individual parts via the Outputs folder.) Multiple input and output signals can be handled.
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FMUExport
o  Wier caa
e IO = Stugio 20

e

K Z, Opan the
- = *Compilar
.@_ Eegreipees ) PMUEpan Py
3 FMivi

4. Inputs, Dulpaids and Passmstas
In "Signal Hame in FMLP izl ing

cEn be oreaied in the “Link™ Map

& In Dutputs tab, "Inksl Cutput VW
during intiakmtion or for the pral

&, Hil "Export” in FMUExport toalb
gt 18 "Tools -> Export Model as
will pen, 2nd the FRU will be o

|

(e.g.) When receiving engine RPM from another

Link ID for part [FMUExport:FMUExport]

Main

[
=
-
[N S
- \
\
\
\
\
\
\
\
‘\
\
\
\
\
\
\
ﬂ Input Signal Editor for part Engine \‘
\
Link ID for part [Engine:Engine] \|
Filter: ‘\‘
Main \
I’ ‘\
i | Ihput Mame Unit Required? Uzed 3 ‘\
\
\
i Eneine Speed (RPM) [RPM o 7 ¢
" \
2 FMEP {FMEF} \bar | \‘
| St \
3 Friction_5R. Goolant Temperature K ) \‘
i Friction_3R. Cil Temperature K | ‘\
,“
Cancel I \
— - \
ﬂ Qutput Signal Editor for part FMUExport *

bnj | Output Mame

Engine Speed

Unit Required? Used
v ~

Throttle Anele
Waste Gate Diameter

Fuel Ratio

| o= o o ff—

Sienal R

GCancel |
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|2l Edit Links x
Link ID for part [4CylinderAverager:CompressorPressure] ) i Link ID for part [FMUExport:FMUExport]
Filter: | No Filter ~| Filter: | No Filter ~
Main ‘Mamg
D ‘ Qutput Name Unit Required? Used D | Input Mame | Unit ‘ Required? ‘ Used ‘
1 Output s I 5 Compressor Pressure - Averaged 4 I @
f Sienal §
ax ] Cancel ] Add and Continue J
ﬂ QOutput Signal Editor for part CompressorCut *
Link ID for part [CompressorOut:CompressorOut]
Filter:
Flows  Thermal Fluid Properties  Gomposition  Refrigerant
] ‘ Cutput Name Unit Required? ‘ Uzed ‘
1 Prezsure (Static) (p) bar ~ v i I"
20 Pressure (Total) (Ptat) |bar w
3 Mazs Flow Rate (at the Boundary) keie R v
17 Velocity (at the Boundary) mis ~
26 Mach Humber
_QK GCancel
\\
\
FMUExport
:m \A 1. Microsal
- =
PRt S Stugic 20
?’R_‘__ =i ——
T— =, 2 Opar thy
oy, T— Cme
L ] R “Complles
.{;,_ Eegnelmed ) PEpen S FMU
3. FMiIvi D
4. Inputs, Oulpats snd Pomemistes
In "Signal Hame in FML lists ing
€50 be created inthe “Link™ Map
& In Dutputs tab, "Inkisl Cutput VW
T — guring intiakmtion or for the pral
ThattTie
Compy B, Hil "Export” n FMUExport toolb
go 1o “Tools -> Export Motiel as
wiil spen, and the FRIL will be sy

= [

[E]

(e.g.) When passing compressor pressure to another tool
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+ Export
Selecting Export as FMU or MEX from the Tools ribbon in the GT-ISE menu will automatically generate
an FMU (*.fmu file).

@ [

AR > B N T
i y =
: 'H ﬂ GT Excel Spreadsheets
Python Vehicle Newral Network MNewral Networks Meas+Pred Ewvolution
‘ Script  Builder Wizard for Linearization Converter Manager ﬁ Configure Default Units

Utilities o

Generated FMUs can be loaded and used in other tools.

/& SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN, AUTOMOTIVE CONTROL AND

MODELING DIVISION COMMITTEE, FMI UTILIZATION AND DEPLOYMENT STUDY WG o



FMI Application Guide (Appendix) Ver. 2.0.2

1.8 ETAS VECU-BUILDER

The FMU generation tool VECU-BUILDER provided by ETAS has the following features
- FMI 2.0 compliant
- XCP slave functionality is added to the generated FMU (stand-alone, can be linked with INCA,
etc.)
- Generated FMUs can be co-simulated with built-in Solver
- FMU generation from C source code, object files, and DLLs
- Command line execution
- Compatible with Windows and Linux
By specializing in FMU generation, the tool chain can be flexibly configured with ETAS COSYM

and other FMI-compliant cosimulators.

! | r o
i | VECU ’
I | )
| B &
TAS VECU- ™ i A\ |
.| ETAS vECU-BURDE N VECU =
‘-\. m |
FUChocker 11

[

Figure 1.8.1 Example of VECU-BUILDER and tool chain configuration
The command line interface allows for easy integration into the build pipeline for batch processing.

1.8.1 Creating FMUs

VECU-BUILDER generates FMUs from the original FMU files (C source code, object files, DLLs,
etc.) and YAML format configuration files.

The YAML file allows detailed configuration of input files, input/output and referenced signals, task
cycles, EEPROM operation, external include files, etc.
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jprport_into project

Bowriss) \ecnsuisportacu.2ipt | Specify the source code

................................................................................

jinport_external vecu dil

- d13_name P Specify DLL files

qoL:v.pd.Alcl_l:an ’

Figurel.8.2 Example YAML File: Input File Configuration

inputs
Rte RX

putputs

2o Ry LightAct ive

Figure 1.8.3 YAML File Example: Input/Output Signal Configuration

FMUs are generated by command line execution, and a series of necessary operations such as
building FMUs, simple operation checks, and debugging are provided in VECU-BUILDER as batch

files.

Figurel.8.4 FMU build (command line execution)
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1.8.2  FMU import and execution
An FMI-compliant co-simulator is used to run the FMU.
The ETAS cosimulator COSYM is used here.

First, import the FMU you wish to run. This can be done from the "Import model" context menu.

| COSYMV330 - a X

= ol

nronment
>

icu

Driver Vehicle

| (*_}—Lj

Figurel.8.5 Importing FMUs

Next, the imported FMUs are added to the system to be simulated. This can be done by drag-and-

drop from the list of imported models to the design screen.

et eTAS

[

.....

-

e Drug & Drop

Crner e
i ) 2 116 ey
- A
\ J

b Boyaen

_ wose P—— fewewinue:  Sxewe YT Cartig
Figurel.8.6 Placement of FMUs in the system to be simulated.

It then sets the signal connections and the order in which tasks are executed.
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” L @TAS

Output signals Input signals ' aneer

Signal connections

——
Figurel.8.7 Signal connections between blocks

When all of the above is completed, click "Build and Run. The simulation experiment screen will be
launched, allowing you to verify the operation of the simulation system designed in the previous

screen. The GUI configuration, such as input signal manipulation and display of monitored signals,

is also performed on the experiment screen.

at
]
i
H
&
3
£

(F Workspace e+, Experiment Exp < > uProperties \jimsmument

Figurel.8.8 Simulation Run Screen

/&2 SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN, AUTOMOTIVE CONTROL AND

MODELING DIVISION COMMITTEE, FMI UTILIZATION AND DEPLOYMENT STUDY WG o



FMI Application Guide (Appendix) Ver. 2.0.2

1.9. Modelon Modelon Impact

Modelon Impact is a system simulation tool developed by Modelon that supports the Modelica
language. all compiled models in Modelon Impact are compliant with FMI standards, and models are
created and integrated for FMI, simulation. The main features include

- Supports FMI 2.0.
- Supports Co-Simulation and Model Exchange (export only).

- Windows and Linux (specific commands) are supported.
In addition, when used with the OPTIMICA Compiler Toolkit, which is the kernel of Modelon Impact,

it can provide more functionality to support FMI.
- Supports FMI 1.0 and 2.0.
- Supports Co-Simulation and Model Exchange.

- Windows and Linux are supported.

1.9.1. Creating FMUs

To generate an FMU from a model in the Modelon Impact workspace, right-click on the model and

select Export FMU (Figure 1.9.1).

A B Friction_input W Experiment 1 (default) Wi Results - a O

o,
2
,! m
-]
4
-4
g
F-|
-3
1=
15U00
0=swiLers
dais
3

speedSensor speed_info

Expart FMU aeg inertia Lm va ing
o > o—a= [0 l— > M = =0
Edit lcon step2 3@_ tau =) =1 L
= o

DC202
DTS Export class
AVORITES
————————— Show umentation
of
Adc s

Openin new tab

angleSensor angle_info

Figure. 1.9.1 FMU generation

The next screen (Figurel.9.2) displays options for generating FMUs. Select the type of FMU (Model
Exchange only, Co-simulation only); if you select a Co-simulation FMU, the solver settings will be the

solver state at the time the command is executed.
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FMU EXPORT

The model will be exported as FMI 2.0 compiled for Wing4

® O

Model Exchange Co-simulation

e Export settings

() This feature is unlicensed but reguires an active FMU Export agreement

CANCEL EXPORT

Figurel.9.2 FMU Export Settings

Export settings in Figure 1.9.3 allow you to set other options.

Application Execution Export Units Storage Workspace

FMI version 20

Target platform Win64

FMU format Model Exchange ‘ Co-simulation

CO-SIMULATION DEFAULTS COMPILER OPTIONS
Solver CVode - +Add new

Relative tolerance 0.000001

Fixed step size

Figurel.9.3 Advanced settings for FMU export

1.9.2. FMU import and execution
To import an FMU, import the FMU model (Co-simulation 2.0 only) by means of the Import button
in the upper left workspace browser (Figure 1.9.4).
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Figurel.9.4 FMU Import
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Select the name of the package you want to import and import the model (Figure 1.9.5).

IMPORT FMU

Name

Workspace Friction_input
Package

FMUmadel

CANCEL IMPORT

Figurel.9.5 FMU import settings

To run the FMU, drag and drop the imported model onto the model canvas to add it (Figure 1.9.6).
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Figurel.9.6 Example model using FMUs
Double-clicking on a component brings up a screen to set parameters; the INFORMATION tab
shows information about the model; the PROPERTIES tab is where you set the parameters; the
parameters are categorized by tab, and the parameters for the FMU model are displayed. The
parameters are categorized by tab, and the model parameters and FMU model parameters are

displayed (seeFigure 1.9.7).
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Figure 1.9.7 FMU parameter settings

Imported FMUs can be combined with other FMUs and Modelica components to run simulations in
Modelon Impact for results display and analysis.

Multiple FMU modules can also be combined to create a system model.Figurel.9.8 shows an
example.
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Figurel.9.8 Example of a system model consisting of multiple FMUs

1.9.3. FMI support function of OPTIMICA Compiler Toolkit
The OPTIMICA Compiler Toolkit, or OCT for short, is the computation engine used by Modelon
Impact; it includes the Modelica compiler and solver, and provides functionality beyond dynamic

simulation, such as optimization and steady-state calculations. Modelon Impact integrates OCT with
Jupyter Notebook as the kernel for FMU model analysis and results analysis.

- Supports FMI 1.0 and FMI 2.0.

Supports Co-Simulation and Model Exchange.

Windows and Linux are supported.

Access JupyterLab from the Modelon Impact UI and create a notebook (Figurel.9.9 ).
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Figurel.9.9 Calling JupyterLab

The notebook is connected to Modelon Impact to read the models in the workspace and perform
model analysis from the Python code.
(a) It works with the Modelon Impact workspace and reads the model to be analyzed.

from modelon.impact.client import Client

client = Client{url="https://impact.modelon.cloud/", interactive=True)

workspacelame = ‘NotebookDemo'
directCapacitor = "Modelica.Electrical.Analog.Examples.Utilities.DirectCapacitor”
inverseCapacitor = "Modelica.Electrical.Analog.Examples.Utilities.InverseCapacitor”

workspace = client.get workspace(workspacelame)
model_direct_capacitor = workspace.get model(directCapacitor)
model inverse capacitor = workspace.get model(inverseCapacitor)

(b) Generate FMU model. Here you set the type of FMU model. The default is Model Exchange
type 2.0. The FMU models that can be generated are 1.0 or 2.0 version. You can then choose
Modelon Exchange, Co-simulation, or ME+CS type.

dynamic = workspace.get_custom_function(“dynamic™)
compiler_opt = dynamic.get_compiler options()

direct_fmu = model_direct_capaciteor.compile(compiler_opticns=compiler_opt, fmi_target='me+cs’, platform='winéd', fmi_version='2.0").wait()
inverse_fmu = model_inverse_capacitor.compile(compiler_options=compiler_opt, fmi_target='cs', platform='linux64').wait()

(¢c) Export the generated FMU model for analysis.

direct_fmu_path = direct_fmu.download("./Resources’)
inverse_fmu_path = inverse_fmu.download( . /Resources’);

(d) Connecting the two models. (Co-Simulation workflow)
# Load CS FMUs
from pyfmi import load fmu

cs_direct model = load fmu(direct fmu_path, kind="C5")
cs_inverse model = load fmu{inverse fmu path, kind="CS")

from pyfmi.master import Master

# Define model and connection Llists

models = [cs_direct model, cs_inverse model]

connections = [{cs direct model, "v", cs_inverse model, "v"),
{cs_direct_model, "dv", cs_inverse model, "dv"),
{cs_inverse_model, "i", cs_direct _model, "i")]

# Create the simulation master object
coupled model = Master(models,connections)

(e) Calculate and enter import values.
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import numpy as np
import math
impeort matplotlib.pyplot as plt

offset = 9.
amplitude = 1.
frequency = 1.5

times = np.linspace(@,1,18@)
currents = offset + amplitude®np.sin(2*math.pi*frequency*times)

in_i_s = np.transpose(np.vstack((times,currents)))
input_object_cs = ((cs_direct_model, 'iDrive’), in_i_s)

H Run the analysis and check the results (see Figure 1.9.10).

# Reset model if it is already initialized
coupled_model.reset()

# Set communication interval
opts = coupled_model.simulate_options()
opts[“step_size"] = 0.081 # “"communication interval”

# Set some parameters
cs_direct_model.set("C", 1)
cs_inverse model.set("C", ©.5)

# Run simulation
results = coupled model.simulate(input=input_object_cs,options=opts)

# Plot capacitor voltoges

plt. figure(l)

plt.plot{results[cs_direct_model]["time'],results{cs_direct_model]['capacitor.i’], labels"capacitor I - direct”}
pli.plot{results|cs_inverse model]['time’], results[cs_inverse model]['capacitor.i'], label="capacitor I - inverse")
plt.xlabel("Time [s]"}

plt.ylabel{"Current [A]")

plt.legend()

plt. show()
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Figurel.9.10 FMU analysis results in Jupyter Notebook
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1.10. VenetDCP

VenetDCP is a Distributed Co-Simulation Platform provided by Toshiba Digital Solutions

Corporation that can connect simulation tools of different types and versions.

In a Co-simulation using the usual FMI standard, the model must be exported to FMU and passed
to the other party. In this case, the exported model becomes a black box and only the party receiving

the model can simulate it.

Standard FMI-based Co-Simulation Exported model can be run only at the receiving side
(the exported model is treated as a black box)
FMI Export-supported tool FMI Import-supported tool

, ) tl I ) m I | I _yl Wire connection ESlls MODEL B |y
o iy i FUNCTIONAL is required = =
i MOCK-UP

e M fonstions ]
b s v T 1 Mock-Up
Interace

Co-simulation using VenetDCP allows you to simulate a model without passing it on, leaving it in
the original simulation tool. In this case, each model must incorporate a "Bus Connector," an FMI
communication function block generated by VenetDCP. This Bus Connector is provided as an FMU in
FMI 2.0 or FMI 3.0 format and can be used with any simulation tool that supports FMI 2.0 or FMI
3.0 import.

When a simulation is started with a model that incorporates a Bus Connector, that model is
connected to other models over the network via the Bus Connector. During simulation, VenetDCP
allows each connected model to run concurrently, synchronized in time. This allows for distributed Co-
simulations, where multiple simulation tools are linked across multiple locations. In addition, models
are not exported to the FMU, so both models can be modified, and results can be checked in both

simulation tools because the models are at hand.

Distributed Co-Simulation using VenetDCP®

Models can be simulated in

FMI2.0 / FMI3.0 Import-supported tool themotiainEl oIS

FMI2.0 / FMI3.0 Import-supported tool

Multiple tools across locations
can be connected and

: B simulated concurrentl e
vl .t | | e | T N

Both models can be modified — — M

N—

Simulation results can be . =
checked from both sides S
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Preparation for distributed Co-simulations using VenetDCP involves the following three steps

Step 1 Step 2 Step 3

Create a Communication Definition File Generate a Bus Connector Incorporate the Bus Connector
(Specify the models and signals to be connected in an Excel sheet)

List of models to be

e VenetDCP’

3z

2[5
gl2|2
.

Bus Connector
Generation Tool

w

" "

" " =
"

ng 07T

o 17v

HES EE

o

ol

an_lJ T EEmBuUs Connector

FUNCTIONAL
MOCK-UP
UNIT

e - FMU file 00t
== e (automatically generated)
Communication matrix Example: COSYM

T : Transmit the signal
R : Receive the signal

1. Create a "Communication Definition File”. The communication definition file specifies the input
signals, output signals, and communication matrix (signal connections between models) for each
model.

2.  Generate a Bus Connector by importing a communication definition file into the "Bus Connector
Generation" tool.

Distribute the generated Bus Connectors to the participants in the distributed and coupled
simulation.

3. Incorporate Bus Connectors into the model. Follow the FMI import procedure for each tool.

Below are examples of models incorporating a Bus Connector.
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+ Connection example 2 ETAS COSYM
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+ Connection example 3 Ansys Twin Builder

When a simulation is started with a model incorporating Bus Connectors, the Bus Connectors are
automatically connected to the Distributed Co-simulation Controller. Once all Bus Connectors are

connected, distributed Co-simulation begins.

PC1 PC2
VenetDCP®
Simulation controller
il = ; = =
+ o =

l ! s
4 M ropreset
> Jv—- Controller | o

! Joua fad
[ Simulatorl _}
Simulator2
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1.11. OpenModelica

OpenModelica is a simulation tool using the Modelica language developed by the Open Source
Modelica Consortium. This tool is available to the public free of charge. The following procedure is
based on version 4.2. The features of this version are shown in Table 1.11.1.

Table 1.11.1 List of OpenModelica FMI Interface Functions
FMI Creation Function

FMI Version 1.0, 2.0

Interface type Model Exchange, Co-Simulation
0S Windows, Linux, macOS

License When creating FMU: Not required

At runtime of created FMU: Not required

FMI Import function

FMI Version 2.0

Interface type Model Exchange

0S Windows, Linux, macOS

License When importing FMU: Not required

At runtime of imported FMU: Depends on the tool
used to generate FMU.

1.11.1. Creating FMUs
This section describes how to create an FMU. Settings such as where to save FMUs are required
previously.

The save location is specified in the working directory at Tools>Options>General.

& OMEdit - Options ? X
General ad General =
g Libtarias Language: * English (en) =
E Text Editor Working Directory: IDownioads/SpZ/lDlOZSﬂl OpenModelica/FMU )| Browse..
E Modelica Editor Toolbar Icon Size: * 24 -
E MetaModelica Editor | 1 Preserve User's GUI Customizations

Figure 1.11.1 Setting the working directory with the OMEdit-option

The specification of FMI 1.0 or 2.0, as well as Co-Simulation or Model Exchange, can be configured

under Tools>Options>FMI by selecting the export version and type.
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o OMEdit - Options ? x
EE] General 2
g Libraries
= Text Editor
=S Modelica Editor
=l MetaModelica Editor Type
=l CompositeModel Editor () Model Exchange
=1 <5p Editor () Go-Simulation
E C/C++ Editor _1 Model Exchange and Co-Simulation
Sl HTML Editor FMU Mame: [cdetauit>

Graphical Views Move FML: [cdire-:i:.ry name or full file name with placeholders>
é Simulation PlabSTine
@ Messages Mote: The list of platforms is created by szarchine for programs in the PATH matchine pattern "#-%—x-xcc”,

" In order to run docker platforms add docker to PATH.

Notifications & source-code only FMU is generated if no platfor m is selected
l Line Style Native
='/ Fill Style [ x86_64-lux-enu docker run ~-pulknever muktiarch/crossbuild
5 Plotting [] i686-linux-gru docker run --pull=never multisrch/crossbuid
a Figaro [ x86_64-whd-mnew32 docker run =~pull=never multiarch/crossbuild

Deb [] i886-wB4-minew3?2 dacker run ——pullsnever multiarch/cr ossbuild

ebugger
= £ [] arm-linue-grueabhf docker run ——pullsnever multiarch/crossbuild
Mi
[ aar chb4-linux-enu docker run =-pull=never multarch/crossbuild
OMTLMSimulater ~
|';Dmma separated list of addtional platforms
OMSimulator/SSP
*  Traceability Solver for Co-Simulation: | Bxplicit Euler
Model Descr ption Fikers: ntamal
L I R T . £ r it
< >
* The changes will take effect after restart. | Reset | Cancel

Figure 1.11.2 OMEdit-option to set FMI
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Select File>Export>FMU to create an FMU.

o OMEdit - OpenMaodelica Connection Editer - m] X
EEdh: View 557 Simulaton Data Reconcilistion Sensithity Optimization Debwg  Tools Help

3 Bex "KNOHOTR <= E-99E 5 - &

i Model/Lib Fib Cl+0

& Open elfLibrary File{s) 7 portd] o
|&
Al

Open/Convert Modelica File{s) With Encoding . T

Load Library @ | Writabis | badel | Dingram Ve | portd] |_'Dmmb--ulw.ll_u_nda|m_n£m
Load Encrypted Library

Open Result Filelz) Cirl+Shift <0
Open Transformations File

Unload All

¥ New Composite Madel
& Open Composite Model(s)
Load External Model(s)

Open Directory TasD

torqael
B save Cirl+S
B ssvens whap /‘[:!n

Save Total

ot

System Libraries

speediengar

Hit

Manage Libraries

Recent Files
Clear Recent Files 2 o

& Print.. Crl+P B Figsro
B To OMNatebook
Quit Cul+Q —_—

v
| 3

Exports the model as Functional Mockup Unit (FMU) i t%lwms & Modeing s Pbllm ' Dehun;rﬁ ;

Figurel.11.3 Accessing the FMU

The result of the export operation (success or failure) can be checked in the Messages Browser. In

case of success, "The FMU is generated at ~" is displayed.

Messages Browser n
Al Motificatione Warnines  Etrors

[13] 13:1 1:03 Scrpting Notification Lo

The FMU i generated at G: mple_3p2/

ID102531 OpenModelica/portJ1/portJ1_fmu.

L

Figurel.11.4 Checking the results of your work in the Message Browser
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1.11.2. Importing FMUs

This section introduces the import of FMUs. However, there are many cases where the imported
FMU cannot be executed, so this explanation is based on a case where we were able to execute the
FMU. Before importing FMUs, go to Tools>Options>Simulation and check "Enable FMU Import" to

enable it.

oA OMEdit - Options ? x
m Genaral A Simulation ~
% Hibiaiies Translation Flags
= - Global flags applied to the Simulation Setup dialog upan the firs

: Text Editor For subsequent simulations, you can change them locally using
Modelica Editor Matching Aleor ithm: PFPlusExt
MetaMedelica Editor Index Reduction Method:
CompositeModel Editor Show additional nformation from the initialeation process
SSP Editor [[] Evaluate all parameters (faster simulation. cannot chanee th
| C/C++ Editor Enablk analytical jacobian for non-Inear strong components
] HTML Editor [] Enable paralizlzation of independent systems of equations ¢
Graphical Views [ Enable oM frontend for code generation
I Enable FMU Import I
Addttional Translation Flags:
) Messages
o Notifications Tareet | anemiaee: ¢
N i il 2
* The changes will take effect after restart, Reset Gancel

Figurel.11.5 Enable FMU Import

Select File>Import>FMU.

oA OMEGIt - OpenModelica Connection Editor

File Edit View 550 Simulation Oata Reconcilistion Sensitvity Optimization Debug Tools

* tew ' \NoEHOTR

M8 Open Model/Library Fileis) 0

Openltnrwrr! Modelica File(s) With incudlllg T

Load Library Eo | Weitabl | Model | Deseram View
Load Encrypted Libeary T -

Open Result File{s} Ctrl+Shift=0
Open Transformations File

Unioad All

¥ New Composite Model
¥ Open Composite Model(s)
Load External Model(s)

Open Directory
Bl save Cirl+5
B ssvens
Save Total
imprt i
Export 3 T Mioge Descnption

Figure 1.11.6 Accessing the Import Function

Next, specify the .fmu file to be imported.

& OMEdit - Import FMU ? X
Import FMU

FMU File: bunkads/Sanple_3p2/D1025%1 OpenModelica/port J1fmu | | Browse.. |
Model Name: ‘Hram»: of the generated model. If empty then the name is auto eznerated - |

Output Directory (Optional): U! no Output Directory specified then the FMU files are ] Browse...

Log Level Wilaming it}
[] Debue Logghe

Gererate hput cornector phs

Generate output connector pins

* This feature i experimental Most models are not yet handked by it.

Figurel.11.7 Specifying the .fmu file to be imported
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The imported FMU will be shown in the library. You can manually put it in the diagram view.

ModelicaSendcas

r n Complex

77 Madelica " 3

!:"I'"JIJ"IE.F'"
» | | porth_me_FMU

W2l

Figure. 1.11 .8 Imported FMUs

1.11.3. FMU Execution

Run a simulation at Modeling>Simulate.

o& OMEdit - OpenModelica Connection Editor

File Edit View SSP Simulati Data Re: li Sensitivity Optimization Debug Tools Help

Ead 1-1" ) Heeoe X \OHOTR<E 5- O%9E sPlv%9 ¥-

Figurel.11.9 Running the simulation

In the Plotting>Variable Browser, check the variables you wish to observe. Thus, the results for

the selected variables are displayed.

Cd OMEdit - OpenModelica Connection Editor

File Edit View SSP Simulation Data Reconciliation Sensitivity Optimization Debug Tools Help

FeHR Boee X 98 XPl-bads 3% #-

X Plat : 1 [  Variables Browser & X

0 I W -y ™ Filter Varidbles | §Z 4F 4
o 8 arid | O Loe X [ Loey [5'] = T
Simulation Time Unit (&~
s :
T
1 Varisbes A
E 11
B []J1w
i Njl
06 - L] TgsD
1 [ debuglogging
04 4 [ der_1_phi_
02 O der1w_
] [ logLevel
0 [] speedSe..nge_p
] [ speedSe..nge_t:
pe g
L e e 1 o [
2 2 ) L £ [ step height ¥
. i
tirme () < >

@ velome oA Modelng | B8 Fottine | @F Dsbusne

Figurel.11.10 Selecting and displaying output results
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1.12. FMPy

FMPy is a free Python library that can simulate Functional Mock-up Units (FMUs) with the
following features
- Supports FMI 1.0, 2.0, and 3.0 (beta).
- Supports Co-Simulation and Model Exchange.
- Can run on Windows, Linux, and macOS.
- command line, graphical user interface, and web applications.
- Jupyter Notebooks can be created.
- You can compile the C code FMU and generate a CMake project for debugging.
FMPy basically only supports the import of single FMUs. If you want to connect multiple FMUs,

please use a solution like Dymola.

Let's start the GUI.
python -m fmpy.gui

The following screen will appear.

| © Fmpy - o x
File Tools Help

& C & §F @ M o> Co-Smulation

mwwwew

Recent Fies

"open an FMU" button or drag and drop to load an FMU.

The simulation period or solver parameters can be specified on the Ul
If you want to use an input file, you can also specify a CSV file by checking the "Input" box on the
right side.
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© C\Users\gvé\Downloads\Sample_6p3\PWT_PNT.fmu - FMPy - o X
File Tools Help

M > [s00 | [CoSREEEANY

ariables LA 1 [
Neme Start Unit  Plot  Description A FMIVerson 20
@ DF_PNT.DF_gear 63 [m] P Type Jo—
B DF_PNT Driveshaft damper  632.45553... m}
8 DF_PNT Driveshaft_delta .. 01 a i S
B DF_PNT Driveshaft_delta r... 01 [m} Plaltormsg g4
@ DF_PNT Driveshaft_spring 10000.0 O Continuous States 0
© DF_PNT eta OF 038 m] Eventindcators 1
@ ENG_CNT_Throttle LL 00 O
@ ENG_CNT_Throttle UL 1000 a Yorties =
B ENG_PNT_FuelCon_gps_m... 00 m] Generation Date  2018-03-30700:14:31
8 ENG_PNT FuelCon_gps_m.. 631 ] Generation Tool  FMI Toolbox 2.6.3 from Modelon run at
B ENG_PNT FuelCon_gps_m. 2505 [m] MATLAB (R20170) win64
8 ENG_PNT FuelCon_gps.m.. 102075 [m] Description 0
8 ENG_PNT FuelCon_gps.m..  11.0625 [m} Sl
8 ENG_PNT FuelCon_gps_m. 03675 m}
@ ENG_PNT FuelCon_gps_m.. 05025 [m] Sclver, Ll
8 ENG_PNT FuelCon_gps_m.. 06675 [m] Step Size 1e3
8 ENG_PNT FuelCon_gps_m. 08475 [m] N
8 ENG_PNT FuelCon_gps_m... 102 m} O oupatimervel [5565
8 ENG_PNT FuelCon_gps_m... 1.1025 ] -
B ENG_PNT_FuelCon_gps_m. 00 [m] @© Max. Samples
@ ENG_PNT FuelCon_gps_m... 039 a [ mput Noinput file selected
8 ENG_PNT FuelCon_gps_m.. 05475 [} B[R ———
B ENG_PNT FuelCon_gps_m. 075 (]
B ENG_PNT FuelCon_gps.m.. 015 [m] Owgrels
@ ENG_PNT FuelCon_gps_m.. 096 O [ pebugLoggng
B ENG_PNT_FuelCon_gps_m. 12 a ts
© ENG_PNT_FuelCon_gps_m... 153 O
B ENG_PNT FuelCon_gps_m... 16575 (] B VTRPNT_radps
B ENG_PNT_FuelCon_gps_m. 00 O : zﬂw _TM_PNT_pm :
@ ENG_PNT_FuelCon_gps_m... 0.525 a ] oma St rpm trq_DF_PNT_Nm b
B ENG_PNT_FuelCon_gps_m... 0735 [m] »{ open_throtte per tScope_Fuel b
B ENG_PNT_FuelCon_gps_m. 09825 [m} : ﬁ:‘;‘;‘“m .::::;"’n: :
B ENG_PNT_FuelCon_gps_m... 1.26 O »] timing_ignition tScope_tra_Fiywhes2 P
B ENG_PNT_FuelCon_gps_m... 15675 O »] trq_ALT_PNT_Nm w_ENG_PNT_radps
B ENG_PNT_FuelCon_gps_m. 0225 a B 4ra_STPNTNm
@ ENG_PNT_FuelCon_gps_m... 1.965 O v

(D simulation took 0.794

Select the variables you wish to view and click the Play button to display the plot screen.

© C\Users\gvé\Downloads\Sample_6p3\PWT_PNT.fmu - FMPy - o X
File Tools Help
W C & E o M o» Co-Simulation
ariables £ = E g;
Name Start Unit  Plot  Description A §‘ )
B TM_PNT_torque_capacity.... 07 [m} 8 2%
B TM_PNT_torque_capacity._.. 08 O 0 100 200 300 400 500
8 TM_PNT_torque_capacity_... 09 [m] E ox
B TM_PNT_torque_ratio_tabl... 19 a 102
8 TM_PNT.torque_ratio_tabl. 10 O g o0
8 TM_PNT.torque.ratio_tabl... 18 [m] E o4
8 TM_PNT_torque_ratio_tabl... 17 O < 100 300
B TM_PNT._torque.ratio_tabl. 16 [m] £ o4
8 TM_PNT_torque_ratio_tabl... 15 g H 0-02
B TM_PNT torque ratio_tabl.. 14 m} g: 02
8 TM_PNT._torque_ratio_tabl. 13 a g 04
@ TM_PNT_torque_ratio_tabl... 12 a " o . a0 0 a =
8 TM_PNT.torque_ratio_tabl... 14 0 % o4
8 TM_PNT.torque_ratio_tabl.. 10 ] g’ o2
© TM_PNT_torque_ratio_tabl... 0.0 |m] o 0.2
8 TM_PNT torque_ratio_tabl... 10 (u] E( o e e
8 TM_PNT._torque_ratio_tabl. 01 [m] 3
B TM_PNT torque_ratio_tabl... 02 O z i
B TM_PNT._torque._ratio_tabl.. 03 o =
@ TM_PNT.torque_ratio_tabl. 04 [m} 2 3;3
@ TM_PNT. torque_ratio_tabl... 05 a 4 7 ™ 20 20 @0 50
8 TM_PNT_torque_ratio_tabl.. 06 [} o~
B TM_PNT._torque_ratio_tabl. 07 [m] £ o2
@ TM_PNT torque_ratio_tabl.. 08 [m] g' 43
8 TM_PNT_torque_ratio_tabl... 09 [} R
8 TM_PNT_w_ROTT.CLL 1.0 a 0 100 200 300 400 500
B TM_PNT.w_ROT_T.C_UL 10000.0 (] § o4
0 trq ALTPNT_Nm 00 |m} ‘5 0.2
© trq DF_PNT.Nm = $ a3
»0 trq_ST_PNT_Nm 0.0 a S 04
o tScope_CVTLoss %] - g o 200 M0 W0 300
o tScope_Fuel %] § 0.4
o tScope_Fuelraio = s °*§
o tScope_trq_Flywheel2 = g 02
o w_ENG_PNT._radps %] g o4
0 100 200 300 400 500
»0 w_TR_PNT_radps 0.0 [m] v
(D simulation took 11425
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1.13.MAGNA KULI Software

MAGNA's KULI Software is a 1D simulation tool specialized for thermal management in mobility
applications. It supports simulation at various stages, from early development phase of cooling
system layout to optimization, enabling efficient design. Mobility refers to passenger cars, trucks,
trains, construction machinery, agricultural machinery, and other industrial machinery, widely used
worldwide.

KULI Software supports creating and loading FMUs. The following summarize the support status
in KULI 19.1: 1.13-1 Table: KULI FMI Support Status (as of KULI 19.1)

1.13-2 Table: KULI FMI Support Status (as of KULI 19.1)

FMU Export
FMI Version 2.0
Format Co-Simulation (CS)

Required Licenses for | Free Version: Not required

Export KULI FMU Pro Edition: Dedicated license required

Required License at | Free Version: All licenses required within the FMU

export destination KULI FMU Pro Edition: Not required
Notes KULI FMU pro version allows encryption and setting FMU usage expiration dates.
FMU Import
FMI Version 2.0
Format Co-Simulation (CS)

Required Licenses for | A dedicated Advanced License is required.

Import

Notes KULI connects to the FMU via Python. The intermediary Python script is generated

by a dedicated generator, so no coding is required.

1.13.1. Exporting the FMU
Prepare the model to be exported to an FMU beforehand. Configure FMU terminals on the model in
advance.
Also, install the FMU Generator for exporting FMUs.
Next, export the model to FMU. As shown in the following Figure -1.13.1-1 , right-click the
model you wish to export to FMU within the [project view] tab on the left side of the window, then

select [Export as FMU] from the context menu.
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K KULI - System generation [ExCAR_FMU.scs]

File Simulation Tools View Help

0

B R R v .

E: Project view vix @ General data
- Project: "default"
-5 Path Settings
{8 Analysis Options User
t‘.[ﬂ Caoling systems Date (0=current)
%mw: Open KULI File Department
E EML Unpack and open KULI File Purpose
Pack .SCS file... Results
Export as FMU.., Report No,
Remove File from Project
Delete File from Disk Memo

LBs& %Iiad !

% Circuits / Air path Ef Air side

ECs

|Montag, 10, November 2014 10:5
|
|Car Cooling System
|
|

Figure -1.13.1-1 Exporting an FMU from a Model

When executed, the FMU Generator window shown in Figure -1.13.1-2 appears. Configure settings

such as the output location, name, expiration date, and encryption status. Press the [Generate]

button at the bottom of the screen to generate the FMU.

K . FMU Generator

KULI model CAECS\KULI_191000\data\CoolingSystems\ExCAR_FMU.scs Browse...
Identifier ExCAR FMU
Name ExCAR_FMU
Description Please enter the model description... 1
Author
Version 1.0
Help location Please select the location of the help folder... Browse...
Icon location Please select the icon... Browse...
Output directory CA\ECS\KULI_191000\data\CoolingSystems Browse...
License free O
Expiration date Please select an expiration date... ri:l

? 3 - Generate Exit

Figure -1.13.1-2 FMU Generator Window
1.13.2. Importing and Running FMUs
KULI uses Python for connecting with FMUs. By creating Python scripts as APIs and specifying
them in KULI, co-simulation becomes possible. Python scripts can be generated using a dedicated
generator. This generator is operated solely via GUI, requiring no coding.

This section explains how to use the Python script generator and configure Python scripts in KULL
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First, please install KULI_FMU_importer beforehand. For details, please contact support.

After installation, running Start_Script_Generator.bat launches a GUI shown as: Figure: 1.13.2-1.
Operate the GUI to specify the FMU file, configure General data (like time step), set terminals, and
designate the script output location. Press the [Generate script] button to generate the script.

W KULI FMU Importer = (] X

Read input from

O FMU file (O Generated Python script

FMU location Browse o
General e

Step size [s] ‘0.01 ~ (default)

Default time interval [s] [0, 1.5]

Use KULI time step )]

Include parameters

Double-click to edit values of parameters in the table below.
Reset to default P

Connectors o

Inputs  Outputs  Parameters

Name Unit
outputs[1] rad/s
outputs[2] rad/s

(de)select all

Export Python Script

Export script to... | Browse o

Generate script o Successfully generated the script.

Figure 1.13.2-1 Start_Script_Generator.bat GUI
Apply the Python script you just generated to the model. From this step onward, the operation is
performed in KULI. Configure the Python script from the [Python controller] block. Drag the
[Python controller] block into the circuit area, then double-click the block to open its edit window.
Figure 1.13.2-2 The GUI window shown in the figure will open. Specify the Python script, select the
Function, and configure boundary terminals with the FMU in the GUI. Press [OK] to complete the
editing.
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Component parameters

Python controller
Comment :-FMU Co-Simulation |
Python module ‘ CAECS\KULI_191000\data\PythonScripts\CoupledClutchesScript.py ‘
Function ‘ Cosimulate(current_time, start_time, end_time, kuli_time_step, inputs) ik
Initialization function ‘ setupFMU() v
Termination function ‘ terminateFMU() ¥
Inputs
Y
Identifier Function parameter Comment Unit -
IN_1 current_time current time in KULI 5
IN 2 start_time starting time (from simulation para| s | |
IN_3 end_time end time (from simulation paramet| s
{—
[~
[ I i Al
Identifier Comment Unit —
outputs1 | first output (of four possible outputs) rad/s
outputs?2 | second output (of four possible outputs) rad/s
outputs3 | third output (of four possible outputs) rad/s |
I . [+]
[ oK ] [ Cancel

Figure 1.13.2-2 Python controller block Edit Window
Connect the FMU block (Python controller) to the KULI block as shown in Figurel.13.2-3 to
complete the model. Pressing the [Start simulation] button at the top of the window executes the

calculation, providing fast and accurate results.

4
v ® K m f \ . o) Q DR o E | search online.. X ¥

Y hEax @ General data | & Circuits / Air path f Airside [BB Simulation parameters x | [ Library v ix
‘ Y Filter component types and files. X |l@
' D Calculation controller s
¢~ =77 FMUO Co-Simulation ~ ~ "
P ' — Analysis object
L "
SimPar.Start time ¢} SN I el “ : Delay controller
‘ . b . 3 -+ EMU_out? [rad/s
SimPar.End time  gp=-—— -~~~ p D PID controller
- ~7[FMU_out3 [radls
SimPar.Timestep ®p=* ~ ey e ! Python controller
b S{EMU_out4 [radls
FMU Inpmmr‘" | : Simulink controller
|
b e M 3 Medium

Figure -1.13.2-3 KULI model with connected FMU
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Chapter 2: FMI Application Examples

This chapter provides examples of FMI applications
2.1. FMI utilization model for hybrid aircraft

The tutorial will use a hybrid aircraft model created by Nagoya University and Mitsubishi Heavy
Industries Aeroengine Corporation as an example, as part of the "Aichi Center of Knowledge Aichi

Priority Research Project" for 2021.

2.1.1. Description of Sample Models

The aircraft model consists of a battery model created in the master tool (Simplorer) and two FMUs:
an electric drive model (Modelica) and a hydraulic system and dynamics model (Amesim) for model
exchange. Figure 2.1.1.

The OS is Windows 64-bit version and FMI2.0 only.

However, please note that a sample model of this model cannot be released due to rights reasons.

Mathermatics il
Mechanics [__] o
Blecironics [ |
Hydrawlics —1
Fual |
Eleckical — Fuel Tank Gas Turbine
signal — IFIU'E Flow
Rotational  se— &
Thrust [——] Five Flowling amount
* Flue Flow N
- Altitude Assist reference torque

s Speed
Ansys [ cument v
L . e R Velocity
Mission File Pl Control

et 3
& S F \ & =t ]
I e X ] _ | ML ] ;

E ' Inverter —=—— Moior - Gear ltt“‘

: =1 j i
] \ i I 3phose AC w0 s L

Figure2.1.1 Hybrid aircraft's system simulation model

Simplorer was used as the master tool. Two FMUs are imported into Simplorer. The importing
method varies depending on the tool, such as specifying on the menu screen or dragging and dropping
from Explorer, so please refer to the manual.

In addition, the master tool provides the flight data of the battery model and aircraftshows the flight
data of the battery model and aircraft (Mission File in Figure 2.1.1).
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2.1.2. Model Overview

2.1.2.1. Electrical System Modeling

In the electric system modeling, the DC voltage received from the battery is converted to 3-phase
AC by the inverter, and the process of outputting torque by the motor is represented by a
mathematical model. Figure2.1.2 Figure 2.1.2 shows a block diagram of the electrical system model. This

section describes the individual losses of the battery, inverter, motor, controller, and power semiconductors.

amadd

[ ——
Intedlace between signal and mechanical Lies
Iorque B By, 1 d ; borg
[rﬂfmn::a] 24 -4 ]Inrqyg ({load) -~

Fasitive-vallnge [Jn,pul] '=i| Ctrl i

Positive- Cmenl{ﬂulplrﬂ ' {pn,:'i i i i1.ra|.;l;|'|-,r;|np._.|].l
S . | Ea, Lq. ! Interlace far coasal
Battery d'um ,_.,.': _“JT ¥y u., > nw-d”d?ﬂmchurﬁc]
and ——=2 h - ";M;l q -"; .
-—- | )
H-I'.'I‘HEW CEII ¥ l : InVEftEr.-i""'“ % MDtDr e .-L — i E;:Temul inadla
S F,EE,. '_F Tatdue (Outputy
L'/—’(:_— ‘ *\ i Internal inertia
e S L =l
HegeieVoilaas: R it i
|09 k s ! i
{Inpuh f‘- Intedace for coosal fg:':';)m“
A model (2lectric]
HNegafive-Current I=--- canstan
[Crutput) Temperature

Figure2.1.2 Electrical Drive Block Model
<1: Battery>
For the battery, we used a model that represents the lithium-ion battery, which has the highest energy
density of all rechargeable batteries in practical use, as an electrical equivalent circuit.
<2: Inverter>
Inverters originally perform DC/AC conversion using switching. In this study, however, the averaging
method is used to reduce computational cost, as shown in Equation (1). However, the values ofVp, Ipc
are the DC voltage and current at the inverter input, respectively, andv,, i, denote the output three-
phase AC voltage and current, respectively. and P;,, indicates the losses generated by the
inverter.Figure 2.1 .3 Figure 2.1.3 shows the voltage waveforms when the averaging method and
switching are considered. The averaging method assumes an ideal output without considering the
effects of actual switching and calculates the inverter losses (P, ) is calculated separately. The
switching loss and conduction loss considered in this study are described in detail in <5: Power
semiconductors>.

Voclpe = tacVac + Piny €Y
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DC;. ; ; ; ¥ u“l.p'

Average Voltage

= Actual Voltage

L | FI-H- !’
|
LT

DEC. " i b J 8 S L U

Figure 2.1 .3 Model averaging
<3: Motor>
The motor is an embedded magnet synchronous motor IPMSM), an AC motor that converts three-phase AC
power received from an inverter into torque. This motor features high torque and high speed rotation, and is used
in electric vehicles. Equation (2) shows the voltage equation on the dq axis, and equation (3) shows the
torque (r, ) obtained by IPMSM is shown in Equation (3). Note thatv,, v, is the dqg-axis voltage,R, is the
armature resistance, andig, i, isthe dq-axis current, andLy, L, isthe dg-axisinductance, andw, is the electric

angular velocity, andKj is the chain flux of the motor, andp is the number of poles.
iz id] [Ld 0] d [id] [ —weLq
=R, |; —|1: . 2
[vq] @ [lq o Lqldtliq + WeLgig + w.Y, (2)
p S
T, = E{KE + (Ld - Lq)ld}lq 3)

<4: Controller>

The controller receives the command torque, selects the optimal control from the rotation speed,
current flowing in the motor, voltage applied to the motor, and parameter settings, and outputs the
command voltage to the inverter using non-interfering current control. The command value (input) to
the controller is set at one-tenth of the output torque required for the aircraft to achieve the specified
flight. The analysis was performed as a parallel hybrid system in which the motor assists the gas
turbine output. Since IPMSM is employed in this study, the flowchart in Figure 2.1.4 is proposed as
the control scheme.

Figure 2.1.5 shows the specific operating points for each control. The horizontal axis shows the d-axis
current (iz) and the vertical axis shows the g-axis current (iq).

The maximum torque/current control shown in Figure 2.1.5(a) is based on an algorithm that selects
the minimum current |idq| = ’iﬁ +iZ to achieve the command torque at low and medium speeds.

In the command torque-voltage limit control shown in Figure 2.1.5(b), (a) When the maximum
torque/current control point is out of the control range, an algorithm is constructed to select the
intersection of the command torque curve and the voltage limit curve as the minimum current I that
will achieve the command torque.

For the current and voltage limit control shown in Figure 2.1.5(c), an algorithm was constructed to
select the intersection of the current and voltage limit curves as the current operating point that

achieves the maximum torque when the command torque is outside the controllable range of the
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current.
Y h 4
Figref = lagaiTrA lagqret =ldqver fdgret = ldqrv
Figure 2.1 .4 IPMSM control flow chert
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(a)maximum torque/current control  (b)command torque-voltage limit control

sl = Torque iq
00 - = Current
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Y
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(¢)current and voltage limit control

Figure2.1.5 IPMSM control patterns
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<5: Power semiconductor loss>

The power semiconductor loss (P, ) of a power semiconductor is the conduction loss (P.,,, ) and switching loss
(P, ) as shown in Equation 4. First, conduction loss is defined as the sum of the current flowing in the power
semiconductor (I;; ) and on-resistance (R,, ) of the power semiconductor as shown in Equation 5. Next, the
switching loss is calculated separately from the DC/AC conversion and referenced as a table, as described in <2:
Inverter>.

The details are described below. First, the parameters specific to the power semiconductor are obtained
from the datasheet. Then, it determines if a loss table exists for this power semiconductor. If there is no
loss table, the double-pulse test circuit shown in Figure 2.1.6 (a) is analyzed using LT-Spice. Next, a
double-pulse test circuit is analyzed using LT-Spice.Figure2.1.6 (b) shows the analysis results. From
these results, the losses on the on- and off-side were obtained by integrating.

Based on the above, we have created a table (Table(Vyg, I, Tj)) that outputs the power dissipation with
the drain-source voltage (V;), current (I;5), and junction temperature (Tj) of the power semiconductor
as arguments, as shown in Equation 6.

Figure2.1.6 (c) shows the procedure for calculating power semiconductor losses. The advantage of this
analysis method is that it does not require model analysis that takes sequential switching into account,

thereby reducing analysis time.

Psem = Peon + By 4)
Peon = Ronldzs (5)
Py, = Table(Vys, 145, T}) (6)
Prramsters
T datasbes!

LTS-FW:E‘ /\
LT Double pulse test N Lusis Table

LT-Space
o P
' 'I'al.'ulc[l-",;;_,, -fd.w Tj :I ’_{: ) i <\\ Exastenue [haubile puse tes
el :
I e
- o] w Sefug Tabke
R Pl
—y "-l,l\— -{h—-
| 1
i I"l" ( finigh |
m ¥ L
(Vg [y test results (bDouble pulse est’s circuil (c)Double pulse test's low chert

Figure2.1.6 Double pulse test

2.1.2.2. Aircraft and gas turbine system modeling

Amesim was used to model the hydraulic system. An overview is given below. Using the flight mission
profile (speed and altitude) as input, the fuel flow rate and command torque were calculated in the
control section and used as input to the hybrid engine. In addition, the number of passengers and
cruising range are adjusted to make the aircraft system feasible by taking into account the weight of

the electrical system, which is simply estimated.
]
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2.1.2.3. Model Connections

Next, Figure 2.1.7 shows the connection relationship of each FMU model in the master tool (Simplorer). Refer to
this figure to connect each FMU to the battery and flight data derived from Simplorer. Note that all
inputs and outputs are treated as signal signals without units. Also note that a negative value for the

rotational speed of the gas turbine indicates rotation in the drive direction.

uﬁ_. ! GasTurbine, Dynamics

Battery
e "f':“'l. |
# Yo -11 % i
L) Ll I
e = T4 |
LR - |w_,- =
L o
| i Inverter, Motor, Controller
- I TH— L

Figure 2.1.7 Model connection (@Master tool)

2.1.3. Aircraft flight data

The flight data is represented by the yellow blocks in the upper left of Figure 2.1.7. These represent
altitude, fuel flow rate, and airframe speed, respectively. Figure 2.1.8 shows typical flight data for a
medium-sized aircraft with about 100 passengers. This data is used as command values to the

controller.

— Aldlude — Fuel Flow —— Speed

40000 1.2
&
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3 =
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4 9
10000 g:“
@
; .2 g
=

i} [

o 2 AL BO0 HOO0
Timae |s]

Figure2.1.8 Flight profile (input data)

2.1.4. Master Tool Simulation Settings
Figure 2.1.9 shows the simulation parameter setting screen in Simplorer. The simulation time is set to
8430 seconds.
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The step size is variable according to the time constant of the analysis results. The minimum and
maximum step size values shown below are default values (Figure 2.1.9). These initial values are set to

change as the time constant increases or decreases.

Start Time 0s

Stop Time 8430 s

Solver and Tolerances TwinBuilder, the 1ms
Integration method Adaptive Trapezoid-Euler

Min. Calculation Step Size 3.3 us
Max. Calculation Step Size 10 ms
Min.Output Step Size 0.01 s (arbitrary, since this is the sample time of the output result)

. Transient Analysis Setup

Analysis Setup Name LT E

Analysis Congrol
™ Disabls this arakss

End Time - Tend 8430 s =]
Min Time Step -Hmin |33 lus |
Maax Time Step - Hmak |10 jme =)

[ Use Initial Vahoes

| =]

[ Enable cortiue to zolve

Analpsis Dptions Opticns ]

Lok | caca |

Figure2.1.9 Simulation parameters setting Simulation results

The results of the analysis of this model are shown in Figure 2.1.10. This analysis was performed for
a flight 0f8430 s The analysis was performed for a flight of In this analysis, the torque of the aircraft
engine is assisted by a motor.10 % The parallel hybrid system, in which the torque of the aircraft engine
1s assisted by the motor, is used from the start of takeoff, when fuel consumption is high, to the end of
the flight.1200s The results show that the motor assists from the start of takeoff, when fuel
consumption is high, to the end of the flight. where @we is the rotation speed of the motor [krad/s], H is
the altitude [kft], T is the thrust applied to the aircraft [kN], andr, is the output torque of the
motor [kNm], andv,, is the speed (speed of sound)[- (dimensionless)].

Figure2.1.10 shows that the thrust applied to the aircraft is very high from the start of the analysis
to1200 s It can be confirmed that the thrust applied to the airframe is very high from the start of the

analysis to the
]
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The torque produced by the gas turbine in that section is called the "torque". The torque produced by

the gas turbine in that section is10 % The motor torque (r, ) assists the gas turbine.

The results of this analysis were obtained for a flight mission profile (speed and altitude) for a regional

or mid-size aircraft, and even taking into account the weight of the electric drive mechanism, the

motor assist extended the range of the aircraft. The results were also compared with the flight results

of a similarly sized gas turbine-only aircraft.
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Figure2.1.10 Simulation results
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2.2. Coupled 1D-CAE and 3D-CAE

2.2.1. Survey Objectives (2020-2023)

In recent years, 1D simulation models have been used in model exchange processes based on FMI
conventions to operationalize models among various tools and attempts have been made to apply them
to complex problems. Considering the future distribution of models utilizing FMI, the demand for
function extraction and co-simulation in conjunction with 3D simulation models is expected to
increase. The objective of the WG was to investigate what kind of information is required for a wide

range of applications, to study the methods to realize them, and to extract the effectiveness and issues.

2.2.2. Definition of target tool types and tool trends

Three types of tools were classified as types of target tools (! ), and functions with FMI interfaces

were Investigated.

A) 1D simulator Linearizes the configuration of the element model defined using ordinary and
algebraic differential equations for the fundamental equations and solves them as linear
algebraic equations. Mechanism analysis is also equivalent to this.

B) 3D simulator Discretizes a 3D structure and solves discrete equations using finite element
method, finite difference method, voxel method, etc. based on continuum mechanics. When it
couples mechanism analysis and elastic body calculation and mainly uses them, it is classified
as a 3D simulator.

C) Real-time simulator The simulator shall be operated as an emulator of plant models and an
implementation of control algorithms on SILS and HILS, with execution in a real-time

environment in mind.

The FMI homepage® provides information on various tools with FMI interfaces. The following is
an excerpt regarding tool types and application fields. Table 2.2.1 shows a selection of tool types and
fields of application. Note that this table excludes system simulation tools, tools with only mechanism
analysis, and tools whose functions could not be verified.

Although multi-body simulators are the most commonly used and have many examples, we can also
confirm that the use of these tools in the fields of fluid dynamics (CFD) and structural analysis
(Structure) is also growing. PIDO (Process Integration and Design Optimization) in the table refers

to process integration tools that focus on optimization and statistical analysis.

Table 2.2.1 Type and number of FMI-compliant CAE tools (2000)

Type Application ( Number )
(a) Multi Body (6)

(b) CFD (3)

(b) Structure (2)

(o) HILS (3)
Other PIDO (3)

/&2 SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN, AUTOMOTIVE CONTROL AND

MODELING DIVISION COMMITTEE, FMI UTILIZATION AND DEPLOYMENT STUDY WG o8



FMI Application Guide (Appendix) Ver. 2.0.2

Based on this and other surveys, we investigated the use of tool linkage, and found that it is
generallyFigure 2.2.1 Figure 2.2.1 shows the four use cases.
@ Link 3D CAE tools with 1D system simulation as a Co-Simulation (CS) slave. Use solvers
of 3D tools using communication, etc.
@ Import and link 1D systems as boundary conditions to 3D tools.
@ The characteristic information of 3D models derived using optimization and process
integration tools is condensed and operated in 1D systems and real-time simulators.

@ Collaboration to operate control and system simulation models in a real-time environment.

The 3D - 3D linkage has not been confirmed within the scope of the survey.

W FMU T30 |10 | @ Frau[ 10 w730 )
-1 FrU| 1D -y
* Link 30 tcols as FMU/CS * 1D/FMU applied as 3D boundary
» Coupling between server condition.
* Use 30 solver
L FrMU Muctar N /7 3 aay —Moazter
[P [ 30 e retuce |’ 1p ' '@ FMU[ 1D | mep | 1DRT|
= Pa) | 1DRT| ' ' 3D

FIU -‘-" = :

* Generate reduced models from 30
(M.)p, state space, reduction, etc. )
A * Execute reduced modelin 10

* Operate FMU for RT environment

Figure 2.2.1 Types of use of tool linkage using FMI

2.2.3. Actual condition of 3DCAE collaboration

Application Examples are shown in Figure 2.2.2 through Figure 2.2.5. Case (D reports the testing
of CS operation in EPS development® and the connection between crosswind analysis and recovery
control logic using CFD®@ | In the former, the main deputy of CS and the connection through the CS
control tool are used to verify the impact on execution time and the error accumulation. While the
advantage is that it facilitates the realization of co-simulation, issues such as the formulation of
communication step size are reported.

In case @), the report includes vehicle behavior calculations and sloshing analysis in fuel tanks
based on mechanism analysis and the effect analysis on vehicle behavior® , and the case® , which
was used to develop control logic for equipment that responds to changes in stiffness during
continuous forging. Some participants expressed their expectations for the use of FMU in this case
because it allows 3D tool users to use advanced control and motion models in a tool environment with

which they are familiar.
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Angular |
Master | Velooty |giave FMU
MBD Tool {1DCAE)
Full Vehicle EPS
h Torque

. Multibody->(CS)> CFD
3D MultiBody €> 1D CAE (a) Fuel sloshing on rough roads.
(a) Test of CS operation in EPS. e

O
CFD - Multi Body 0D Sim —> Structure

(b) Crosswind to MC and recovery control. (b) Control for continuous forging.
Figure 2.2.2 3D (slave) with 1D simulation. Ficure 2.2.3 3D (master) with 1D simulation.

Mudulog It wedrwlivn Simulation

'-‘«l ¥ ik, a F:

{144

I
CFD =(ME)=> 1D Sim =
HVAC using SVD reduced model” . 1D Sim >(CS)>> HIL

Verification of 8-speed AT-ECU.
Ficure 2.2.5 1D with HIL simulation.

Figure2.2.4 3D(reduced ME)with 1D simulation.

Incase @ (Figure 2.2.4) and case @ (Figure 2.2.5), the scene of their utilization is also widespread.
The reduced model can utilize the characteristics of an appropriate 3D model in a 1D simulation at
high speed, and is expected to improve performance in the future. In addition, the environment for
real-time execution is becoming better prepared, and in recent years, the number of compatible tools
and hardware has been expanding, moving toward more realistic operations such as model parameter

verification. The impact of these changes is an issue for further study.

2.2.4. Benefits and Challenges of 3D CAE Collaboration
The standardized interface of FMI enables advanced control and motion models to be applied as
boundary conditions, and also minimizes the time required to acquire new tool operations. The

standardized interface of FMI enables advanced control and the application of kinematic models as
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boundary conditions, while minimizing the time required to acquire new tool operations. This
facilitates the linkage with detailed control design using highly nonlinear physical models such as
fluids and plastic deformation, and is expected to expand the field of application of 3D simulation.

For 1D system simulation engineers, it is also expected to be used for detailed 3D verification in the
design phase and to front-load the design. Furthermore, the consistent use of models in SIL, MIL, and
HIL will lead to the use of models as a solution for decision making in IoT platforms.

On the other hand, the scale of 3D simulation models tends to expand every year, and 3D
computation time is undeniably a bottleneck due to its high cost. It is essential to take measures to
speed up the process, such as parallelization and the use of GPUs, and future technological
developments are expected. In addition, the FMI 2.0/CS standard treats support for Roll Back (time
rewinding) as an option, which may cause problems when®® and multiple tools are used together.
However, whether or not CFD for continuum calculation supports this function depends on the tool,
and there are still issues to be solved when interfacing with complex mechanisms.

Although we were unable to confirm the effect of large-scale 3D tool collaboration in this survey, we
would like to study in future surveys the examples of collaboration of multiple 3D tools (multiphysics,
model merging, etc.) and issues such as overhead due to the amount of data communication when the

model size is large.

References for this section
(1) MBD Study Group, Ministry of Economy, Trade and Industry: "Plant Model I/F Guidelines for

Automobile Development Explanatory Document Ver. 1.0"

b

https://warp.da.ndl.go.jp/info:ndljp/pid/10341576/www.meti.go.jp/press/2016/
03/20170331010/20170331010.html

(2) https://fmi-standard.org/tools/

(3) Hirono, Tanaka, and Matsumoto, "FMI coupling of multi-body analysis tools and 1DCAE tools in
EPS development," Proceedings of the Society of Automotive Engineers of Japan 2016 Spring Meeting,
pp2167-2170, (2016)

(4) Dssault Systems Tutorial

(5) https://'www.otsuka-shokai.co.jp/event/region/19/0524cae/

(6) Application of FMI in Metal Casting press-Forming Process, Science in the Age of Experience 2016
paper, CISDI R&D Co.

(7) ANSYS 2019R1 Update Seminar

(8) Fabio, Marten, et al. "Step Revision in Hybrid Co-simulation with FMI", ACM/IEEE International
Conference MEMOCODE 2016

(9) Ming, Ulas, et al. "Functional Mock-Up Interface Based Parallel Multistep Approach With Signal
Correction for Electromagnetic Transients Simulations”, IEEE Trans. Vo. 34, No. 3, May 2019
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2.3. Coupling of C/C++, Python models with commercial simulation tools

2.3.1. use case

As described in the previous chapters, FMI has been adopted as one of the interfaces for coupled
simulations in many commercial simulation tools. If the model to be coupled was developed using a
commercial or open-source simulation tool that supports FMI, you can consider coupling with FMI
using the methods introduced in the other chapters. This section introduces the coupling method when

the model to be coupled is built in C/C++ language or Python.

The following two use cases will be discussed

Use Case 1: Coupling an in-house simulator with a commercial simulation tool

Use Case 2: Coupling machine learning and deep learning models with commercial simulation tools

Use case 1 1s a case where an in-house simulator or simulation model developed in C/C++ is coupled
with a commercial simulation tool that supports FMI. Since the interface of FMI is specified as a
function of the C language, any programming language that has an FFI (Foreign Function Interface)
to the C language can be coupled with FMU in principle. However, we will not go into the details here,
but rather consider a case in which an in-house simulator developed in C/C++ is coupled with a
commercial simulation tool.

Use Case 2 is a case where machine learning and deep learning models developed in the Python
language are coupled with commercial simulation tools that support FMI. In recent years, models
created using open-source libraries for machine and deep learning models, such as TensorFlow
(https://www.tensorflow.org) and PyTorch (https://pytorch.org/), have been used in various aspects of
engineering used in various aspects of activities. We will consider use cases where such models built

in Python are coupled with commercial simulation tools.

2.3.2. How to realize Use Case 1

There are two ways to achieve Use Case 1

Type A: Implement FMI on the in-house simulator side and import it as a tool-coupled co-simulation
FMU to a commercial simulation tool.
Type B: Add an FMU import function to the in-house simulator and import FMUs exported from

commercial simulation tools into the in-house simulator.

Architecture for each of them, Figure 2.3.1 and Figure 2.3.2.
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In-house COTS simulation tool
simulator

FMI implementation . .
layer Simulation

communication solver

layer

-function call

-shared memory
+TCP/IP communication
-etc

Figure2.3.1 When implementing FMI on the in-house simulator side

In-house simulator

COTS
simulation

Pry—— tool

FMU

execution
layer

Figure 2.3.2 When implementing FMU import function on the in-house simulator side

In the case of type A, the FMI implementation layer and communication layer in Figure 2.3-1 must
be implemented in order to be imported as an FMU into a commercial simulation tool. The FMI
implementation layer is a layer that implements the C language functions defined in the FMI
specification; although not many functions are required as FMI, the following open source software

can be used for efficient development.

Name: Reference-FMUs
URL: https://github.com/modelica/Reference-FMUs

License: 2-license BSD license

Also, The communication layer in Figure 2.3.1 is the layer that realizes the specification by calling
the in-house simulator when each function of the FMI is invoked. This can be achieved by means of
function calls, inter-process communication using shared memory, etc., or TCP/IP communication.

When using TCP/IP communication, for example, the following libraries can be used to achieve high-
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speed communication.

Name: gRPC
URL: https://github.com/grpc/grpe

License: Apache License 2.0

To achieve Type B, an FMU execution layer must be implemented. In this case, there is no readily
available open source software, but it is possible to implement it with a good understanding of the
FMI execution model. and Co-Simulation) describes the execution model. Reference-FMUs, introduced
earlier, includes a sample project, fmusim, for importing and executing FMUs. These reference files

will help you understand what is required to implement the FMU import functionality.

2.3.3. How to realize Use Case 2

There are two ways to achieve Use Case 2

Type C: Implement an FMU that incorporates a Python processor and in-house Python program,
and import it into a commercial simulation tool.

Type D: Add FMU execution capability using FMPy to the Python environment and import FMUs

exported from commercial simulation tools into the Python environment.

Architecture for each of them, Figure 2.3.3 and Figure 2.3.4.

COTS simulation tool

FMI implementation
layer
Python
interpreter Simulation

solver

In-house
Python
program

Figure2.3.3 Implementing a home-made FMU with an embedded Python processor
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Python execution
environment

In-house Python

program COTS

simulation
¢ = tool

FMPy

FMU

—

Figure 2.3.4 Importing an FMU into a Python environment

Type C is the same as Type A in that the FMI implementation layer is implemented using Reference
FMUs, etc. However, Type C incorporates the Python processor into the FMU, since the Python
processor has the ability to be embedded in other applications. The Python processor has the ability
to be embedded in other applications, so this can be used to embed the entire Python execution
function into FMU. This enables the execution of in-house Python programs when FMU functions are
called, and allows commercial simulation tools to run Python programs as FMUs.

However, as a precaution, if your in-house Python program depends on a number of external
libraries, such as machine learning and deep learning libraries, they must also be included in the
FMU. All dependent libraries must be included in FMU
and that they work properly when imported into a commercial simulation tool as an FMU, it is often

difficult to realistically employ Python programs of a certain scale in an FMU.

Type D is a way to add FMU execution capability to your own Python programs using FMPy, which

1s also described in Section 1.12 of this document.

Name: FMPy
URL: https://github.com/CATIA-Systems/FMPy

License: 2-license BSD license

FMPy 1s,1.12 section, but only the FMU execution functionality can be easily incorporated into an
existing Python program. This makes it possible to implement a program in Python that runs a
combination of your own Python program and FMU. Since the Python program does not need to be an
FMU, it is possible to develop a program that works with an FMU even if it is a machine learning or
deep learning model itself. Since this is easier to implement than Type C, we recommend using Type

D if you want to couple a Python program with an FMU.
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2.4. FMI-compliant in-vehicle communication protocol (CAN)

2.4.1. Challenges Facing Evolving E/E Architecture Development
As software creates new value for vehicles, user application software is becoming larger and more
complex, and SW's efficient development methodology has become an essential requirement for

advanced vehicle development.

With the evolution of E/E architecture, more and more devices tend to be installed, and SW
verification with SWs installed in these devices interconnected with each other is essential.

If each device is available and can be interconnected, interconnected SW verification can be
performed, but issues cannot be detected until the final stages of development, resulting in significant
rework.

In addition, a device stand-alone simulation environment can be used to start SW development at
an early stage. However, they cannot be interconnected, and system-level verification with multiple
devices working together is not possible. This makes it difficult to ensure quality because verification

is based on complex scenarios that are assumed.

2.4.2. Overview of Multi-Device Co-simulation Environment

Master tool (Simulink)

Control sample block

Comm. Bridge FMU Comm. Bridge FMU Comm. Bridge FMU
(PCle « ETH) (ETH - CAN) (CAN)

Comm. Script Comm. Script Comm. Script
(PCle * ETH) (ETH - CAN) (CAN)

VPF VPF
(V4H VDK) ( ) (U2A VLAB)

Sample Software S?E]:Jf :;)Pf t.wDar :/? Sample Software
(Linux BSP * Drv) (AUTOSAR MCAL) (AUTOSAR MCAL)

Figure2.4.1 Configuration of a multi-device co-simulation environment

* Overview of Multi-Device Co-Simulation Environment
[Configure the Co-simulation Environment for Multi-device Co-simulation] in Figure 2.4.1.
Renesas proposes a multi-device co-simulation environment that enables devices to be
interconnected and software development to begin without the need for actual devices.
= FMU (*2) and control sample block for easy connection of each VPF via master tool (¥1)
*  Communication script to connect FMU and VPF
=  VPF(*3), which simulates the operation of each actual machine

*  Communication sample SW operating on interconnecting VPF
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By using the "Software Development Kit", interconnected software development can be started before

the actual equipment is available.

Since software developed on VPF also runs on the actual device, software development and
verification on the actual device can be conducted without delay after obtaining the actual device. This
enables early development of interconnected SWs and early detection of problems. (Master tool and

VPF must be obtained by the user.)

(*1) Master Tool A tool to adjust and synchronize the operation of each VPF

(*2): Function Mockup Unit (FMU) A library for connecting tools according to the Function Mockup
Interface (FMI), a model IF for connecting different tools. By importing from the master tool,
interconnection is possible within the master tool.

(*3): Virtual Platform (VPF) A simulator for SOCs and MCUs that can execute SWs similar to real devices.

2.4.3. Measures for connection between CAN models

[How to realize CAN communication between models connected by FMI]Figure 2.4.2). The FMI
defines what type and when data can be sent and received, but does not define specific connection
specifications. It is left to the user to determine which parameters and how to connect, and it is
necessary to define the connection specifications in the FMI.

For this reason, in a multi-device co-simulation environment, Figure 2.4.2 shows a CAN connection
specification for connecting FMI import blocks. Models with FMIs that conform to this specification

can be connected to each other, even between different tools.

Master tool (Simulink)

Control sample block

FMI import block
(RH850/U2A)

FMI import block
(R-Car S4)

Data Field

Comrr. Bridge FMU Comrr. Bridge FMU
ny  (cAan Ay  (CAN)

Comm. Script Comm. Script
(CAN) (CAN)
SoC Simulator MCU Simulator
(54 VDK (U2A VLAB)
I
Sample Software Sample Software
(AUTOSAR MCAL) (AUTOSAR MCAL)

Figure 2.4.2 How CAN communication is realized between models connected by FMI
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2.4.4. Development status of cooperative simulation environment for multi-device

In this presentation, we introduced the cooperative simulation environment for multi-device with
R-CarS4 and RH850/U2A connected via CAN.

(Introduction of Virtual Platform Co-simulation | Renesas) for a demo video recording of actual

operation.
We also verified a multi-device cooperative simulation environment in which R-CarS4 and R-
CarV4H are connected via Ethernet, and an environment in which models simulating CAN and

Ethernet buses are prepared on Simulink.

Thus, the commonization (publication) of communication protocol specifications by FMI facilitates
the connection between different tools, and the realization of early SW development in a large-scale
simulation environment offers the prospect of contributing to the development of SW-First, which

determines the overall system configuration from the SW structure.
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Chapter 3 Tutorial

In this chapter, we have provided practical examples for utilizing FMI.

3.1. Tutorial 1: Let's try using FMI
3.1.1. Let's prepare a sample model.

Let's actually take the sample model provided on the Society of Automotive Engineers of America
website's Automotive Controls and Models Section Committee page and run the simulation. The
models will be benchmark models from a presentation given by our WG at the Society of Automotive
Engineers of America Spring Meeting in May 2018. [1]

File name : Sample_3p1l.zip : ZIP file contains the following four files.

FMU1 (Model Exchange ) :FMU_J1_Casel_Dymola_ME_2.fmu
FMU2 (Model Exchange ) :FMU_SD1_Casel_Dymola_ME_2.fmu
FMU1 (Co-Simulation ) :FMU_J1_Casel_Dymola_CS_2.fmu
FMU?2 (Co-Simulation ) :FMU_SD1_Casel_Dymola_CS_2.fmu

This example is a simple rotary spring damper model that has been split, and the FMU has been

created by
Version :FMI 2.0
Type :ME and CS
Compiler : Visual C++ 64bit
0S : Windows 64bit

FMU1 FMuU2

e =

Figure 3.1.1 Model Structure

First, you need to prepare a simulation tool that supports Import. Please check the FMU Import

compatibility status of your tool at the FMI website described in section 2.9 of this volume.

Once the tools are available, the first step is to import the FMU, but the procedure varies
depending on the tool used.
Did you get it right?

The following is an example of execution in Simcenter Amesim.
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3.1.2. Model Exchange Simulation
3.1.2.1. Run with standard parameters

Next, we will connect the imported FMUs. First, both FMU1 and FMU2 use Model Exchange for
both FMU1 and FMUZ2. Since each FMU has only one input and one output, connecting the outputs
and inputs of both FMUs should be sufficient(Figure 3.1.2).

FMU1 FMU2

fmy fmy|

Figure 3.1.2 FMU Connection

Next, set the FMU parameters.

Figure3.1.3 a and Figure3.1.3b’s parameter "path to the unzipped FMU root" (depending on the tool)
in specifies the location where the unzipped FMU dll of the unzipped FMU. The path is important
because the simulation will call the dll at this address.

The value beginning with # is the initial value of the state variable for the integral. Although it can
be changed, we will start with this setting. Note that variables such as # are displayed differently
depending on the tool used.

Parameters

| Title | value uUnit
@ inertia.phi - Absolute rotation angle D.f component 0 rad
@ inertia.w - Absclute angular velocity of component (= derjphi)) ¥ radfs
step.height - Height of step 1 miall
step.offset - Offzat of output sipnal v 0 null
step.stariTime - Output y = offset for ime < startTime s
inertia.} - Moment of inerta 1 kg.m2
TosD - Accelerating torgue acting at flange (= -flange.tau] - start valus 0 N.m

+ [ Import parameters
enable fogging na
| pathtothe unzipped FMU root --/FMU_I1_Casel Dymola ME_J1 |
Figure3.1.3 a FMU1 (Model Exchange ) Parameters
Parameters

| Title Value Unit

: @ speed.phi - Rotation angle of flange with respedt to support 0 rad
SPriNg.C - Spring constant 1 M.m/frad
spring.phni_rell - Unstretched spring angle 0 rad
damiper.d - Damping constant 1 Mmsfrad
fixed.phil - Fixed offset angle of housing 0 rad
speed.f il - if exact=false, critical frequency of filter to filter input 5. 50 Hz
Njl - Reference angular velocity of flange with respect to support as l... O radfs

» [ Import parameters
enable lozging M1
| path to the unzipped FMU root --/FMU_SD1 Casel Dymola ME SD1 |

Figure3.1.3 b FMU2 (Model Exchange ) Parameters
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Let's quickly run the simulation with the Default parameter set in the FMU to see the results. The
rotation speed Njl1 and torque TqSD are as shown in Figure 3.1.4, right?

= )1 - Aermubuie angular sty of Siege e cotpul sigtal |rads) | N.m] |— TqsD - Accelerating torque acting atflange (=-fliange.tau) [N.m] |

[ravdits] |
s — 0.0

os = /— 0.2

a4 - -0.4 —
03— -0.6

o - { -0.8 -
| i
a1l - | -1.0
ol —ll T 1.2 -
-1 T T T T T T T T . Sy . ; . : . - . T . T : |
0 2 4 ke B L 7 0 2 4 6 8 10 12
.
¥ Tme sl ¥ Time [=]

Figure 3.1.4 Simulation Results (Model Exchange )

3.1.2.2. Change parameters and execute

Next, let's change the parameters. Increase the resonance frequency and set the damping to a lower

value.
Parameters
| Title value Unit
I (@) speed.phi - Rotation angle of flange with respect to support 7 rad
§ spring.c - Spring constant I Nm/rad ||
spring.phi_reld - Unstretched mrinwle 0 rad
E damém - Damiging constant 1 M.m.s/rad
fimed, phill - Fixed offset angle of housing 0 rad
speed.f il - if exact=false, critical frequency of filter to filter inputs.. 50 Hz
Njl - Reference angular velocity of flange with respect to support as ... 0 radfs
» [0 Import parameters
enable logging o
path to the unzipped FMU root .(FRAU_SD1 Casel Dymola ME SDH

Figure 3.1.5 FMU1 (Model Exchange ) Parameters before modification

> Spring constant (spring.c-Spring constant):

Changed from the current "1 [N-m/rad]" to "10 [N-m/rad]" (10 times)
> Damping (damper.d-Damping constant):

Changed from the current "1 [N-m-s/rad]" to "0.1 [N-m-s/rad]" (1/10)

Run the simulation after the change and check the results.

The rotation speed Nj1 and torque TqSD are as shown in Figure 3.1.6?

[radld] == Nj1 - Absolute angular velocity of flange as output signal [rad/s]
04 E
_ 1.3
03+ 1
i 20 T P B N R N B 1
i 0 2 4 fi 8 10 12
014 ¥ Time [2]

Figure 3.1.6 Simulation results (ME: after parameter changes)
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3.1.3. Co-Simulation Let's simulate
3.1.3.1. Run with standard parameters
Next, let's import the Co-Simulation FMU, connect the model, and check the parameters.
The parameters are almost the same as in Model Exchange The parameters are almost the same as

in Model Exchange, but the following two parameters have been increased for each FMU.

> co-simulation step size
> co-simulation step specification
Parameters
i Title | Malue ' Unit
@. i-l'lErl'iE.‘p!“li A ﬂ.hsnl;.ﬂe- rotation angle of wmpuﬁent 0 rad
@ inertia.w - Absolute angular velocity of component {= der{phi)) 0 radfs
step.height - Height of step 1 null
step.offset - Offset of output signal y a null
step.stariTime - Oufput y = offset for time < startTime 135
inertia.j - Moment of inertia 1 kgpm3
Tgs0 - Accelerating torque acting at flange (= -flange tau) - start value 0 MN.m
» [ import parameters
co-simulation step size 0.001 s
co-simulation stap spocification time sten size
enable logging e
path to the unzipped FMU root -« FMU_J1_Casel Dymola_C5_J1
Figure 3.1.7 a FMU1 (Co-Simulation ) Parameters
Parameters
| Title Value Unit
@ spead.phi - Rotation angle of flange with respect 1o support - D rad
spring.c - Spring constant 1 M.m/rad
spring.pht_rell - Unstretched spring angle o rad
damper.d - Damping constant 1 M.m.sfrad
fixed.phi0 - Fixed ocffset angle of housing 0 rad
speed.f_crit - if exact=false, critical frequency of filter to filter iInput 5. 50 Hz
|1 - Reference angular velocity of flange with respect To support as i... 0 rad/s
= [ import parameters
co-sirnulation step size 0001 =
f:n-slmulmnn step specification time step size
enable logging na
path tothe unzipped FMLU root wf FMIU_SD1 Casel Dymola €S SD1

Figure 3.1.7 b FMU2 (Co-Simulation ) Parameters

These are parameters that set the communication interval for Co-Simulation These are the
parameters that set the communication interval when performing Co-Simulation. The names of the
parameters here may vary depending on the tool used. In this case, "0.001 [s]" is set as the

communication interval, and inputs to each FMU are exchanged at this interval.
Now let's run the simulation with the Default parameter set set in the FMU and check the results.

The rotation speed Nj1 and torque TqSD are as shown in Figure 3.1.8?
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(radfs) w— Nj1 - AbsoIute argular welodity of Nange as output signal ['-n:‘\f] ] [_ TQSD - Accelerating torque AcTing 3t flange (= Aange tau) [N.m)
0.6 - 0.0 ‘—\
05 - 02 -
04+ 04 -
03 / 0.6 —
4 f 4
0.2 - | 08—
0.1 ,’ 1.0 e S
0.0 ~—} /"'— 124
0.1 r T - | T T -14 -4 v T v T v T T T 1
0 2 4 3 8 10 12 0 2 4 3 8 10 12
X Tine (5] X Time [s]

Figure 3.1.8 Simulation Results (Co-Simulation )

Model Exchange Similar simulation results are seen. However, when performing Co-Simulation is
performed, the input/output of the FMU is treated as a constant value between communication
intervals, and a Step Delay (see Section 2.4.2 of this volume). In this example, the communication
interval is as fine as 0.001[s], which is difficult to recognize. Let's try to expand the graph by using a
finer sampling setting for the output results (e.g., 0.0001[s]).Figure 3.1.9 shows that the result

changes discretely every 0.001[s] of the communication interval.

| — TgsD - Accelerating torque actng at flange (=-flange.tau) [N.m]

[rad/s] ‘ = Nj1 - Absclute angular velocity of flange as output signal [rad/s] ‘ [N.m]
0.3355 -0.4080 3
3 -0.4085

03350 o E
] -0.4090

0.3345 -0.4095
0.3340 -0.4100 4
i -0.4105

0.3335 E
] -0.4110

03330 -0.4115

T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.4200 1.4205 1.4210 1.4215 1.4220 1.4200 1.4205 1.4210 1.4215 1.4220
# Time [£] ¥ Time [£]

Figure 3.1.9 Simulation Results (Enlarged Figure 3.1.9)

3.1.3.2. Change parameters and execute
Next, let's change the parameters: coarsely set the communication interval for FMU1 and FMUZ2.
> Communication interval (co-simulation step size): Changed from the current "0.001 [s]" to

100 times "0.1 [s]".

The communication interval is coarser, and discrete results are more easily visible. Also, when
compared to the results with a communication interval of 0.001[s], it can be seen that the results are
different. In the Co-Simulation, it is clear that setting the appropriate communication interval is
important. Please refer to Chapter 4 for more details.

[rad/s] : ] - - -1.0
08 Mj1- Absolute angular velocity of flange as output signal [rad/s] 0.1 [s] interval
—.I = Nj1 - Absolute angular velocity of flange as output signal [rad/s] 0.001 [s] interval -1.2

07
0.6

o 16 ‘ T ; ; T : T ; T T 1

i 0 2 4 6 8 10 12
% Time [5]

03

Figure 3.1.10 Simulation Results (CS: Comparison before and after parameter change)
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3.2. Tutorial 2: Let's make an FMI

3.2.1. Let's generate an FMU using the sample model

Sample models are stored on the_ Society of Automotive Engineers of America website on the
Automotive Controls and Models Section Committee page. The models are benchmark models from a
talk given by our WG at the Society of Automotive Engineers of America Spring Conference in May
2018. [1]

File name : Sample_3p2.zip ZIP file contains the following files.
Table 3.2.1 Sample Model Contents

Model Exchange Original Model Co-Simulation Original Model
Creation Tools For FMU1 For FMU2 For FMU1 For FMU2
Amsim J1_Amesim_ME.ame SD1_Amesim_ME.ame J1_Amesim_CS.ame SD1_Amesim_CS.ame
Simplorer J1_SD1_Simplorer_ME_CS.aedt (all 4 types in one model)
Dymola J1_Dymola_ME.mo SD1_Dymola_ME.mo J1_Dymola_CS.mo SD1_Dymola_CS.mo
MapleSim J1_MapleSim_ME.msim SD1_MapleSim_ME.msim J1_MapleSim_CS.msim | SD1_MapleSim_CS.msim
SimulationX J1_SimulationX_ME.isx SD1_SimulationX_ME.isx J1_SimulationX_CS.isx | SD1_SimulationX_CS.isx
OpenModelica | J1_Modelica ME.mo SD1_Modelica _ME.mo

If you have a tool that corresponds to the above table 3.2.1, you can generate an FMU. Note that
the procedure for generating FMUs varies depending on the tool used, so please refer to the manual
of the tool for details.

Here is an example of generating an FMU using Simcenter Amesim.

First, open the Co-Simulation open the file J1_Amesim_CS.ame for FMU1, the original model of
Co-Simulation. Configuration is like Figure 3.2.1, but this model already has the FMI interface block

inserted and is ready to generate an FMU.

FMI interface block

k p Nji FMUJL  Tgsd }
=

* | frev/min] [rad/s] (Nm] |
O—-0=6= :
T |

CIN ;

Torque Source Inertia '~[~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :

Figure 3.2.1 Configuration of J1_Amesim_CS.ame (J1 model) for FMU1 output

In generating FMUs, attention should be paid to the input/output unit system and the
positive/negative direction of the signals.

The rules for model exchange are based on METI guidelines (see Section 4.1.1 of this volume). Since
the SI assembly unit system is used as the unit of exchange between models, [rad/s] is used for
rotational speed and [Nm] for torque.
|
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In Amesim, the RPM sensor outputs [rev/min], which is converted to a unit with "k" and outputs
Nj1 to the FMU2 side.

For the positive and negative directions of the signal, the energy source to energy sink is the positive
direction of energy. In this model, the flow from the torque source to the inertia to the spring + damper
on the FMU2 side is in the positive direction. the torque coming from the FMU2 side works in the
opposite direction of energy transfer, so when the inertia rotates in the positive direction, the torque
returns in the negative direction to reduce the rotation speed. The torque coming in from the FMU2
side works in the opposite direction to the energy transfer.

Amesim's model defines this torque as positive, so a gain of -1 is applied with "k" to make the model
invert the positive and negative directions. Note that the treatment of positive and negative physical
quantities, not limited to torque in this example, varies depending on the tool and the way the model

1s created.

To export the model to FMU, launch Interface > FMU Export Assistant. Follow the menu of the
wizard in Figure 3.2.2 to generate an FMU.

FMU Export Assistant ? X

Welcome
Configure a Functional Mock-up Unit (FMU) to export

Export settings FMU type and version

Co-simulation2.0 v

Platform selection
Visibility level: exposed elements

) High: expose all parameters and variables

FMU generation

) Low: expose nothing except input and output variables

| ® User-defined: expose only the watch parameters and variables ]

] Provide directional derivatives when applicable
V| Embed tables

"] FMU for real-time

Output directory:  C:/AMETest/JSAE

Help Back Next > Cancel
Bl b i et ' - [ SR ) ' x
Hallzmmiyawcian Fupdh
Savipus Basia bz ks be TR “Wosvpzr ks

4 jasit e lifan Kowsgs ik
® zroeon shick Lo
i Y11
i E

Fropmimgs b

Zzmpilrg WU cods tor g e TN

< varbitenon ledan TR garmradan

RN T T PTRR
weied ok

tomypabag SR ke b g sk
ZaranrzrgTHoL.

daicme mancldb el g raraa i woeeakal

e s b (4
T3 rtaries e toe 00

B Hpmana i anndy b

g stach, (Gresles| | i Lo AL T
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Figure 3.2.2 FMU Export Assistant

Select "FMU type and version" for FMI 2.0 co-simulation.

Next, set the "Visibility level: exposed elements" to determine the display level of the parameters,
and select "User-defined: expose only the watch If "User-defined: expose only the watch parameters
and variables" is selected, the parameters and variables to be displayed in the FMU can be set
arbitrarily, making the model easy to use for the users after distribution. For a concrete example, see
Section 3.3 .

Then select the compiler to be used to generate the FMU.

Once the FMU is generated, import it again and run the simulation.
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3.2.2. Display only the parameters you need!

During FMU generation, depending on how the underlying model is built, unnecessary parameters
may be displayed that do not affect the simulation results. The display of unnecessary parameters
and variables can lead to confusion on the part of the FMU user.

In this section, Model Exchange used in the sample model in FMU2 used in the sample model in
3.1.2.Figure 3.2.3, the parameter "speed.f._crit - if exact=false, critical frequency of filter to filter input

s..." in reality, changing this parameter has no effect on the simulation results. Why does this happen?

Parameters
| itle [ value ‘unit
| @ speed.phi - Rotabion angle of flangs with respect to support o rad
spring.c - Spring constant 1 M.mfrad
spring.phi_reld - Unstretched spring anghe e
damper.d - Damping constant 1 M.nsired
tixed.phid - Fixed offset angle of howsing b rad
speed.f ot - if exact=false, critical freguency of filter to fikker input sigral 50 Hz
Mj1 - Reference angular velocity of flange with respect 1o support as input signal - start valus o radfs
+ [ import parameters
enable logging niz
path to the unzipped Fdil root AFRIL_SD1_Cased_DymolaBME_SD1

Figure 3.2.3 FMU2 (Model Exchange ) Parameters

The original model before generating FMU2 was created with Modelica shows Figure 3.2.4.
Open SD1_Dymola_ME.mo (SD1 model) if you have the corresponding tool.

' SD1

-

fomd

I
) . P Spnng L
Miodel Modelica Mechanics | .
l Rotational Sources Speed )_{r'__f E'J \/\/\_( ' j \

=1
f:. RGN A “ lorquesSensor
I e
w_rot 7 ot damper
| o he o ——

Figure 3.2.4 Original Modelica (SD1 model) configuration

This model uses the "Model Modelica.Mechanics. Sources.Speed" and the parameters of this block
are Figure 3.2.5.
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Bi Parameters for spead

| Narne Valua | Linift Commant

+ speed Forced movement of a flange according to a reference angular velocity signal

usesupport - false =true; if support flange enabled, otherwise implicitly grounded

Iexact true true/false exact treatment/filtering the input sig:naTI
T erit 50 Hz if exact=false, critical frequency of fiiter to filter ingut signal
wr_crit 2 *Modelica.. radfs Critical freguency

Figure 3.2.5 (SD1 model) Parameters of speed

There is a parameter "f _crit", but it is only enabled when "execute" is set to "false". If set to "true"
at the time of FMU generation, it cannot be changed after the FMU is generated.
Thus, in Figure 3.2.5, if “speed.f._crit - if exact=false, critical frequency of filter to filter input s...
“will be invalid.
This phenomenon is caused by treating “f_crit” as a modifiable parameter when generating FMUs,

so only necessary parameters and variables should be displayed, and parameters that do not need to

be changed should be hidden. This will prevent confusion among users.
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3.3. Tutorial 3: Example of our WG benchmark model

The Society of Automotive Engineers of Japan Open Committee "Model Connection Workshop by
FMI (Functional Mockup Interface)" in October 2017 and May 2018 2nd Japanese Modelica

Conference The tutorial will proceed with an example of our WG's benchmark model [2]. w

3.3.1. Description of Sample Models

This vehicle model consists of five FMUs for driver, powertrain, driveline, chassis, and steering for
Co-Simulation Co-Simulation with five FMUs: driver, powertrain, driveline, chassis, and steering.
The outline is shown inFigure 3.3.1 for an overview.

Please note that the OS is Windows 64bit version, FMI2.0 Please note that only Windows 64-bit
version and FMI2.0 are supported.

Sample models are available on the Automotive Controls and Models Division Committee page of

the Society of Automotive Engineers of Japan website of the Society of Automotive Engineers of Japan
(JSAE) website.

File name : Sample_6p2.zip : ZIP file contains the following 7 files.
Driver ! Driver_ FMU_Export_Rev16.fmu.fmu
Power Train : Powertrain_ FMU_export_Rev16.fmu
Drive Line : Drive Line: DS_Simulink.fmu
Chassis : FMI 20 Blackbox_Euler Test_FlatPad.fmu
Steering : SteeringMechanismRackPinionInMetric.fmu
Subsystem I/F Definition Sheet ! Sample_6p2_Subsystem_I/F_Definition.xlsx
Simulation Results ! Sample_6p2_Result.txt
"""" o R EmE
[rad] \l e — |

ﬂ
|

Torqi'l% [Nm] Differential ® :

1 —— Gear ﬂ

|

|

o D)) m—.
Propeller Shaft

Throtte B

l

|

l

l

| 4 | [ S : - .

| o{”fi‘x | : QS’X Openlng e */ﬁ ;Ro_tag_anGAngular Velouty Torque ﬂ
: % | : [ I ¢ Shift [ Upperz U[rad/S] [Nm] ﬂ
I | Rack Pos?ti(i‘)n & Poit]lon‘{ . '”__( — . . Y-
l ~n [m] ; Cratcl ! Lateral I_R_t-t_—A_ _| o —‘— e
] a1, | : ratch Ped 1\1<7,{lxa1_ | | otation Angular | ﬂ

EEEEE 3 ‘ ‘ | Transmission_ __| s Velocity
] &  [rad/s]

Figure 3.3.1 Overview of Benchmark Model
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First, import the 5 FMUs into the simulation tool to be used. The method of importing depends on
the tool, such as specifying on the menu screen or dragging and dropping from Explorer, etc. Please
refer to the manual. If you want to know the contents of each FMU, please refer to the Subsystem I/F
Definition Document (Sample_6p2_Subsystem I/F Definition.xlsx) included in the ZIP file.

3.3.2. Model Connections

Next, connect each FMU.Table 3.3.1 for details. The green hatched area is not used for connection
because it is an output for monitoring. Figure 3.3.2 shows a model connection example. The left
terminal of each FMU is an input and the right terminal is an output. Note that the appearance of

the connection varies depending on the tool used.

Table 3.3.1 Input/output table

FMU  [Terminal Terminal INPUT Signal FMU FMU Name Output Signal Terminal
Number| Number Number Number Number
Clutch_Action@expseu_ |[-] Clutch 1
. Engine_load@expseu_ [-] Throttle opening 2
1 Driver — - —
Gear_position@expseu_ |[-] Shift position 3
SteerinAngle@expseu_ |[rad] Steering Angle 4
3 1= 1|Npropshaft@expseu_ |[rad/s] |Propeller shaft rotation speed Neng@expseu_ [rad/sec] [Engine side rotation speed 1
1 3= 2|Gear_position@expseu_ |[-] Shift position ) Power Train Nclutch@expseu_ [rad/sec]|Clutch side rotation speed 2|
1 2|= 3|Engine_load@expseu_ |[-] Throttle opening Tpropshaft@expseu_ [Nm] Propeller shaft torque 3]
1 1= 4|Clutch_Action@expseu_ |[-] Clutch
2 3= 1Tg_T™ [Nm] Propeller shaft torque N_Propshaft [rad/sec]|Propeller shaft rotation speed 1
4 7= 2|N_RL [rad/s] |DriveShaft rotation speed RL 3 Drive Line |[Tq_RL [Nm] Drive Shaft Torque RL 2
4 5(= 3[N_RR [rad/s] |DriveShaft rotation speed RR Tq_RR [Nm] Drive Shaft Torque RR 3
5 2|= 1|steeringTranslation [m] Rack Position position_x [m] Vehicle Transration X 1
Constant[0] [= 2|FrontRightWheel_Tau [[N] Drive Shaft Torque FR position_y [m] Vehicle Transration Y 2
3| 3= 3|RearRightWheel_Tau [N] Drive Shaft Torque RR position_z [m] Vehicle Transration Z 3
Constant[0] |= 4|FrontLeftWheel_Tau [N] Drive Shaft Torque FL . Chassis FrontRightWheel W [rad/sec]|DriveShaft rotation speed FR 4
3| 2|= 5|RearLeftWheel_Tau [N] Drive Shaft Torque RL RearRightWheel W [rad/sec]|DriveShaft rotation speed RR 5
= FrontLeftWheel W [rad/sec]|DriveShaft rotation speed FL 6
= RearLeftWheel W [rad/sec]|DriveShaft rotation speed RL 7
= Steering_force [N] Rack Force 8
1 4= 1[steerAngle [rad] Steering Angle 5 Steering Steer_Torque [Nm] Steering Torque 1
4 8= 2|rackForce [N] Rack Force rackPosition [m] Rack Position 2
steenngid ;;}
Steering "'}_|
L =
:C’:— ""VJ l_0Test_FlasPa %
e - - il O Eest_ FlatPacd
driver_Fi E’ i [ > | ?
Driver L r‘ Driveline Chassis :f_|
T

Figure3.3.2 Model Connection Example
3.3.3. Driver Model Description
The Open loop is a simple input operation as shown in Figure 3.3.3. The manual transmission

specification requires clutch operation and sequential gear shifting from stop to 5th gear.
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Figure 3.3.3 Driver Model Behavior

3.3.4. Setting FMU parameters

The default parameters cause the tires to cut to the right in response to forward (left-turn) steering

operation, so the setting must be changed.Figure3.3.4 is an overview of the steering model. To reverse

the direction of movement of "rackPosition" in response to the "steerAngle" input from the driver

model, the parameters of the "gsl block, indicated by the red frame, to reverse the direction of

movement of the "rackPosition" for the "steerAngle" input from the driver model.
'.-‘.-:W||'||_;|ﬁr||_;h:_-.-\m|%pn'mr1

2 ! .
ilsardngs sl ) [ asl

bl+b2*s+b3%"s™2
al=1
{bl, b2, b3}=11.0,0.001,0.00001 }

al

afmar iy Wihee

stenTomys

sRod

wchFara

>___

e Eri

g | stesrngoll
il i s d'
- ) T rackStop
rackF stesringLink wT rack
. = - #
p ma 3 &
el
funchioni
nciPouton 1RO
|——-—-—l o —

Figure3.3.4 Overview of the Steering Model

In the SimulationX example, The settings are made in the Parameters tab as shown in Figure 3.3.5.

> Numerator of quadratic transfer function (gs1.A[1]): changed from current "1 [-]"to "-1[ - ]"

/& SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN, AUTOMOTIVE CONTROL AND
MODELING DIVISION COMMITTEE, FMI UTILIZATION AND DEPLOYMENT STUDY WG

111



FMI Application Guide (Appendix) Ver. 2.0.2

-
7] Properties - stearingMechanismRackPinionInMetricl (Model)

o

Mumerator {a0,....am7}
Denominator {b0,_ _..bn}
Denominator {b0,___ bn}
Denominator {b0,___ bn}
Min. calculation step size
Max. calculation step size
Absolute tolerance
Relative tolerance
Integration Method [0: Ad...

Max. solver order 'sett

- = Fd

Parameters | FMI Settings | Master Algorithm |

'‘gsl.A[1]':

'gsl.BI1]1':

'gsl.Bf2]1";

'gsl.Bf31";

‘settings.dtMin';

'settings.dtMax’;

'settings.absTol";

'settings.relTol';

'settings.iMode’;

ings.maxCrder’;

Results | General |

1.

0.001
1.0000000000000001e-005
1e-008

D.06

1e-005

1le-007

1

5

LELLEELLL e

%
@

Figure 3.3.5 Steering parameter settings (example in SimulationX)

3.3.5. Master Tool Simulation

Settings

Set the simulation time to 20 seconds, the time it takes for a series of operations to be completed in

the driver model.

The solver i1s equivalent to "ODE1" of the fixed step.

The minimum step size should be "5e-5 [s]" for the finest computation interval, with 5 FMUs.

Start Time
Stop Time

Solver, Step Sizes and Tolerances

Integration method
Min. Calculation Step Size
Min. Output Step Size

the output result.

20 [s].

£ 20 [s]

: Fixed step Solver

: Euler Forward (Equivalent to ODE1)
©0.00005 (or 5e-5) [s].

:0.01 [s]: Arbitrary since it is the sample time of

In the SimulationX example, this is set in SimulationControl.
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| Simulation Time ' '
Start Time tStart: O s v
Stop Time tStop: 20 's .\‘

Solver, Step Sizes and Tolerances

(Fixed Step Solver (External Soiver) -

Min. Caiculation Step Size  dtMin: 5e-5 :; -;

Integration method: !
Recording of Results ‘

Min. Output Step Size  dtProtMin:  0.01 :; -

oKX ) [ cencel J[ oo ][ tew )

Figure3.3.6 Simulation setup (example in SimulationX)

In this example, Co-Simulation consists only of FMU on the master tool. Therefore, the difference
in solver is small. However, in general use, the solver and step size should be set carefully because the
model on the master tool is calculated and signals are passed between the master tool and the

imported FMU.

/& SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN, AUTOMOTIVE CONTROL AND 113
MODELING DIVISION COMMITTEE, FMI UTILIZATION AND DEPLOYMENT STUDY WG



FMI Application Guide (Appendix) Ver. 2.0.2

3.3.6. Communication Step Size Communication Step Size
Co-Simulation requires a time interval setting for each FMU to receive an input signal. In the

present model, Table 3.3.2 shows the settings for all FMUs.

Table 3.3.2 Communication Step Size for each FMU Setting of each FMU

Power Drive
Train Line
Communication Step Size | 5.00E-05 | 5.00E-05 | 5.00E-05 | 1.00E-03 | 1.00E-03

Setting Driver

Chassis Steering

In the SimulationX example, this is set in the Master Algorithm tab. Set each FMU in the same

way.
] Properties - Driver (Model) ety
farameters 4 | Parameters 5 | FMI Sett Mnter-ﬂgnrﬂhml Retult eneral | 4 b |
Communication Step Size hC: P 0ooos |s v|
¢ > G @ - tr_I

Figure 3.3.7 Communication Step Size setting (example in SimulationX)

Communication Step Size is different for each tool, so here are some typical examples.

Amesim : Co-simulation Step Size
Dymola ! fmi_Communication Step Size
MapleSim : MapleSim Sync Step
Simplorer : TS Simplorer

SimulationX : Communication Step Size hC
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3.3.7. Simulation Results:

We have posted some output signals from each FMU. Did you get similar results?

For details, please refer to the simulation results saved in Sample_6p2_Result.txt.
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3.4. Tutorial 4: Example of a Benchmark Model Compliant with METI Guidelines
Example of a Benchmark Model Compliant with

In March 2017, the Ministry of Economy, Trade and Industry's Study Group on the Use of Models
in the Automotive Industry presented guidelines and released the compliant model Ver. 1.0 (compliant

model is a Simulink-based model) at the same time. Please refer to the JAMBE website for details.

3.4.1. Description of Sample Models

The tutorial will now proceed with an example of our WG's benchmark model that was presented
at the Society of Automotive Engineers of America Spring Conference in May 2018. [3]

METI Guidelines Seven FMUs were created based on the compliant model.

For the Driver model (Split 1) and Vehicle model, it is divided into six (Split 2 to Split 7).

Sample models can be downloaded from the Automotive Controls and Models Division Committee

page of the Society of Automotive Engineers of Japan website FMI2.0 Please note that only Windows
64-bit CS is supported.

File name : Sample_6p3.zip : ZIP file contains the following 9 files.

FMU : Driver.fmu, ENG_CNT.fmu, TM_CNT.fmu, PWT_PNT.fmu, CHA_PNT.fmu,
ALT_CNT.fmu, ELEC_PNT.fmu

Time series data of target vehicle speed in JCO8 mode : jc08.csv

Simulation Results ! Sample_6p3.txt

Driver madel Vehicle madel

Figure 3.4.1 Model compliant with Ministry of Economy, Trade and Industry guidelines Top-level

hierarchy

sphit s

(&)l ol =
e ﬂ i —=

€.
s

ﬂ

Figure3.4.2 METI Guidelines Structure of compliant vehicle model
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First, import the 7 FMUs into the simulation tool to be used. The method of importing depends on
the tool, such as specifying on the menu screen or dragging and dropping from Explorer, etc. Please

refer to the manual.
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3.4.2. Model Connections

Connect each FMU with reference to Table 3.4.1. The yellow hatched area indicates the target
vehicle speed, and the green area indicates the output for monitoring.

Figure 3.4.3 is an example model connection. The left terminal of each FMU is an input and the
right terminal is an output. The terminals for monitors are not used for connection. Note that the
appearance of the connection varies depending on the tool used.

Table 3.4.1 Input/output signals of each FMU

FMU FMU FMU
Number Output Signal Input Signal Number| Name Output Signal
3 1|ratio_CVT - 1|ratio_CVT open_brake_per 1
2 5|n_eng_rpm_sig - 2|n_eng_rpm_sig . open_accel_per| 2
JCO8 km/h - 3|target_v_VL_kmph ! Driver
5 2|V_PNT_kmph - 4{v_VL_PNT_kmph
3 2|flag_lockup - 1|flag_Lockup open_throttle_per 1
4 8|w_ENG_PNT_radps — 2|n_eng_rpm flag_fuelcut 2
1 llopen_brake_per — 3lopen_brake_per flag_ldelStop 3
1 2|open_accel_per - 4lopen_accel_par 2 ENG_CNT timing_ignition 4
5 2|V_PNT_kmph - 5(v_VL_PNT_kmph n_eng_rpm_sig 5
flag_ON_Starter| 6
4 1in_TM_PNT_rpm - 1{n_TM_PNT_rpm ratio_ CVT 1
5 2|V_PNT_kmph - 2|v_VL_PNT_kmph 3 TM_CNT flag_Lockup 2
2 1|lopen_throttle_per — 3|lopen_throttle_per omg_Slip_rpm 3
5 1{w_TR_PNT _radps — 1jw_TR_PNT_radps n_TM_PNT_rpm 1
3 1|ratio CVT — 2|ratioCVT n_eng_rpm 2
3 2|flag_Lockup - 3|flag_Lockup trg_DF_PNT_Nm 3
3 3lomg_slip_rpm - 4lomg_Slip_rpm tScope_Fuel| 4
2 1|lopen_throttle_per — 5lopen_throttle_per tScope_Fuelratiol 5
2 2|flag_fuelcut - 6|flag_fuelcut ! PWT_PNT tScope_CVTLoss 6
2 3|flag_ldleStop - 7|flag_ldleStop tScope_trq_Flywheel2 7
2 4|timing_ignition — 8|timing_ignition w_ENG_PNT_radps 8
7 2(trq_ALT_PNT_Nm - 9|trq_ALT_PNT_Nm
7 3|trq_ST_PNT_Nm — | 10[trq_ST_PNT_Nm
1 1llopen_brake_per — 1lopen_brake_per w_TR_PNT_radps 1
4 3jtrq_DF_PNT_Nm - 2|trq_DF_PNT_Nm 5 CHA_PNT v_VL_PNT_kmph[ 2
tScope_V_VL_PNT_mps| 3
7 1|SOC_BT_PNT_Lo_PCT |— SOC_BT_PNT_Lo_PCT target_volt_ ALT_V| 1
2 2|flag_fuelcut — 1|flag_fuelcut
2 3|flag_ldelStop — 2|flag_ldleStop 6 ALT_CNT
2 5|n_eng_rpm_sig — 3|n_eng_rpm_sig
6 1|target_volt ALT_V - 1|target_volt_ALT_V SOC_BT_PNT_Lo_PCT| 1
2 6|flag_ON_Starter — 2|flag_ON_Starter trg_ALT_PNT_Nm 2
8|w_ENG_PNT_radps — 3lw_ENG_PNT_radps trg_ST_PNT_Nm 3
7 ELEC_PNT]
tScope_pulleyllLoss| 4
tScope_SOC_Batt| 5
tScope_V_ALT| 6
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Figure 3.4.3 Example of model connections (example in SimulationX)
3.4.3. Driver Model Description
The driver model (FMU1: Driver) operates the accelerator and brake in closed loop to achieve the
target vehicle speed (yellow hatched area in Table 3.4.1). This time, time series data in jc08.csv is

input to drive in JCO8 mode (Fig. 3.4.4). In the connection example shown in Fig. 3.4.3, the setting is
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Figure3.4.4 Target vehicle speed

3.4.4. Master Tool Simulation Settings
The simulation time is set to 1204 seconds, which is the time required in JCO8 mode.
The solver i1s equivalent to "ODE1" of the fixed step.

The minimum step size should be "2.5e-3 [s]" to match the minimum calculation interval for each

FMU used.

Start Time 20 [s].
Stop Time 11204 [s].
Solver, Step Sizes and Tolerances : Fixed step Solver
Integration method : Euler Forward (Equivalent to ODE1)
Min. Calculation Step Size 0.0025 (or 2.5e-3)[s]
|
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Min. Output Step Size :0.01 [s]: Arbitrary since it is the sample time of

the output result.

SIMulalion COnrol e =00
Simulation Time : . ]
Start Time tStart: o [s -
Stop Time tStop: 1204 is - |

Solver, Step Sizes and Tolerances
|Fixed Step Solver (External Solver) -]

Min. Calculation Step Size dtMin: 0.0025 s -]

Integration method:
[iEuler Forward -_]

Recording of Results

Min. Output Step Size  dtProtMin: a.01| is -.-J

Gk J [ Concat | [ épob ] | Hew |

Figure 3.4.5 Simulation setup (example in SimulationX)
3.4.5. Communication Step Size Communication Step Size
Co-Simulation requires a time interval setting for each FMU to receive an input signal.

In this model, all FMUs are set at 0.0025 (or 2.5e-3) [s].

] Properties - Driver (Model) [
Farameters 4 | Parameters 5 | FMT Selting: u.,t".ugmithm.i;-;- it Genera d »
Commiunication Step Size hC: F' 0035 r. -!j‘

e » FH X & |

Figure 3.4.6 Communication Step Size setting (example in SimulationX)

3.4.6. Simulation Results
Some output signals from FMU are listed.

For details, please refer to the simulation results saved in Sample_6p3.txt.
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