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1.3.3

FMI Functional Mock-up Interface
2012 3
WG FMI
2015 3 FMI

Ver.1.0 [4]
FMI WG
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2 FMI
FMI
2.1 FMI 2.2 FMI 2 Model Exchange
Co-Simulation 2.3 2.4
2.5 FMI
2.1 FMI
FMI FMI 2010 DAG(Daimler AG)
ITEA2 MODELISAR 30M€
FMU Functional Mock-up Unit
2011 Modelica Association
FMI v1.0 Model Exchange Co-Simulation 2.2
model Description File 2011 MA Project
v2.0
Model Exchange E .
. 32
Co-Simulation E : E
- 3\ z 3 o
o & Eo
2 ke FMI ﬁmMg.ﬁé
- 3 and Co-Simulation -
e oy Iy e B
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018
~~~~~-:.=/"‘ MODELISAR Project Proied’ ITAGH MA Project (Functional Mockup Interface)
’““---:.“/"‘ N iTeEAZ Budget/ Fund. ., .7, MA
30M€ /S 10M€
2-1 FMI
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https://itea3.org/project/modelisar.html
https://www.modelica.org/
https://www.modelica.org/projects
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2.2 FMU
2.2.1 FMU
FMU Model Exchange (ME Co-Simulation (CS) 2
FMU FMU
O 2 FMU % Tool

Mlodel

2-2a  FMU ME 2-2b FMU CS
(8th International Modelica Conference 2011 (5]
2.2.2 FMU
FMU fmu Z1pP 2-3
FMU Windows OS dll Linux OS S0
xml model Description File 5.3.2

FMI conform
simulation tool

o . conforms
8 simulator read model to
| - user -4 Description ————»
\\ interfg‘ -

ImiModeibe scription [

XML schema =
control run 1 or defined by the o
many FMI specification:
model del.dll - fmiModelDescription.xsd
instances Moces - fmiBaseUnit.xsd
solver " implements - fmiType.xsd
[ the FMI API - fmiScalarVariable.xsd
2-3 FMU
(8th International Modelica Conference 2011 [3]
FMI WG 5


https://www.modelica.org/events/modelica2011/Proceedings/pages/papers/05_1_ID_173_a_fv.pdf
https://trac.fmi-standard.org/export/700/branches/public/docs/Modelica2011/The_Functional_Mockup_Interface.pdf
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2.2.2.1 model Description File
model Description File 2-4 FMI1.0 ME CS
FMI2.0
FMI1.0 2.0
ME CS
dll FMU dll

Implementation and
Capability flags 5.3.3

Definition of physical units

Definition of variable types

Variables and their attributes
| r~ -’l}‘ =

-{Modetvarabies B3/~ Scarvanatie (5
e . T
4 Inputs B} ee-| - Annotations
0.0

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

ModelStructure [ <=5} Derivatives [5}{ = EH Derivative
I e

0. Dependency information

L4 Outputs = outout | 4.3.2

2-4 model Description File

2nd Japanese Modelica Conference (6]

id FMI WG 6


https://www.modelica.org/events/modelica2018japan/presentation/10_Years_of_FMI.pdf
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2.3 Model Exchange ME

2.3.1 ME
ME FMU FMU
FMU
I, Vstart w ¢ time
Enclosing Model ! Vstart ~ variable
u(t) inputs (continuous-time and/or discrete-time)
L L y(t) outputs (continuous-time and/or discrete-time)
External Model wit) local variables (continuous-time and/or discrete-time)
(FMU instance) z(t) event indicators (continuous-time)
1 1 Elements of local variables w and/or output y:
Xe ¥ Xe, 2 xc(t) continuous-time states (continuous between events)
Solver |
2-5 ME
FMI FMI for ModelExchange and CoSimulation v2.0 (7]
-~ FMU - FMU
Vstart ,u,y, w, xd Real, Integer, Boolean, String t,xc,z Real

FMI WG 7


https://svn.modelica.org/fmi/branches/public/specifications/v2.0/FMI_for_ModelExchange_and_CoSimulation_v2.0.pdf
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2.32 ME
2-6a FMI FMU
2-6b 3 FMU
Controller

et 1S - ) _DCmotor

P ¥ : j: |:F¢ : Rotational motion

:_> | - - :l ) 4| I>— !

————————————— I Range | 0000 g S
;11 —ﬁnv 2 : ‘. =% D
VT\ i ] \u_u;ﬂ
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g
I

2-6a  Model Exchange

2nd Japanese Modelica Conference [8]
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https://www.modelica.org/events/modelica2018japan/image/program/Program%20of%20the%202nd%20Japanese%20Modelica%20Conference.pdf
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2.4 Co-Simulation CS
2.4.1 CS 3

CS 3
Stand Alone 2-7 PC FMU 1
;"\_- 1 Tool —C
2-7 Stand Alone Co-Simulation
(8th International Modelica Conference 2011 (5]

2 Tool Coupling 2-8 FMU

/./P _'"\\.. /_/' .

| Executable Library (DLL) | | Simulation tool |

FMI :) Slave

Master —(O Wrapper C Model

\ Process 1 / \ Process 2 )

- - e -

2-8 Tool Coupling Co-Simulation

(8th International Modelica Conference 2011 (5]
3 Distributed 2-9
FMI
Executable Librar_y‘(DLL) v _Service / Executable Library (DLL)

FMI Application Slave
Master "CO"{ Wrapper server (O

Session Session
Client “ Server _
i Lommunicaaon Layer
Computer 1 Computer 2

2-9 Distributed Co-Simulation
(8th International Modelica Conference 2011 (5]
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https://www.modelica.org/events/modelica2011/Proceedings/pages/papers/05_1_ID_173_a_fv.pdf
https://www.modelica.org/events/modelica2011/Proceedings/pages/papers/05_1_ID_173_a_fv.pdf
https://www.modelica.org/events/modelica2011/Proceedings/pages/papers/05_1_ID_173_a_fv.pdf
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2.4.2 CS
CS 2-10 ( () FMU FMU
() (y) 3 Communication Step Size
FMU
7, p, initial values(a subset of (3, yo, vo, mo) .
v t time
Co-Simulation Master | m discrete status(constant between events)
y L p parameters of type Real , Integer, Boolean, String
— Model u inputs of type Real, Integer, Boolean, String
1 | 1 Sol?er v | v all expose variables
Co-Simulation Slave x  continuous status (continuous between events)
QRO ) y  outputs of type Real, Integer, Boolean, String

4 X yX, M, 2 7z  event indicators
| Solver |
2-10 CS
FMI FMI for ModelExchange and CoSimulation v2.0 (7]

Co-Simulation 2

1.

2. Communication Step

tci— tci+1from initial time fco ‘= tstartto end time tCN "= Estop.
2.4.3 CS
2-11a  Co-Simulation FMU FMU
FMU 2-11b
FMU Communication

Step Size

ngine Manual

E:

Transmission

L SR

) & .: o ML [Nm] *  Differential
Manual Steering }iﬂEﬁq[rad] 1 P— Gear
o VgD b 1t
i Propeller Shaft
& IMIB[]  EREE
Upper z [rad /S] ; Driveshaft
—l i R ML
M [rad/s] [Nm]
Lateral |
SwoEHH
[N]
Suspension
2-11a  Co-Simulation
2nd Japanese Modelica Conference [8]
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https://svn.modelica.org/fmi/branches/public/specifications/v2.0/FMI_for_ModelExchange_and_CoSimulation_v2.0.pdf
https://www.modelica.org/events/modelica2018japan/image/program/Program%20of%20the%202nd%20Japanese%20Modelica%20Conference.pdf
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2-11a 2-11b
FMU
FMU

Communication Step Size CSS

CSS 2-11c
6.2
1DYZ1 -3y
= = — = = EZ4N
EETI PIBETI YAET I PIETI PIBEETI
12 . L7
KSAK || RFPUYY || KO—MAY || K54T754% || 3y EDiA&%Y -l
v | || | v YLK YLK YK AFPUSY _
I time
VIV LSS
2-11b  CS 2-11a 2-11¢CS 2-11a,b
FMI ME CS
3D 1D
2-12 DAG Daimler AG 2 ME FMU 1D
3D
- s.v, ©S ME ME
AR R AR 1D 3alb—33> P poee
- - EFN EFN
pre=py WIBETFIU HIEBETIV Lz FSo2
GUI GUI | 1. r2 X I or Iyiar
Bk, X - Iyvar 6 s
FMI
JIVIN
FMI
2-12 DAG FMI
HP (9]
2-12
Simulink
1D
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https://tech.nikkeibp.co.jp/dm/article/COLUMN/20131107/314661/?ST=health&P=2
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2.5
FMI 2-1

2-1 FMI FMI

o« » ulls o ™

How do I add or update my tool?

FMU Export FMU Import
Name License Platforms Co-Simulation Model Exchange Co-Simulation Model Exchange
s © im  [EEE
ANSYS Simplore s 0
dSPACE SCALEXIO $ e mn
oymals s o w Emm
FMI Toolbox for MATLAB/Simuli... $ |
MapleSim $ (cL ¥y | 10 20
OpenModelica ® | ¥a) | | m 10 20
SimulationX g e m 10 20 10 20
Legend: [planned] [supported] [cross-check passed]
Licence
Platforms C macOS Linux Windows
FMU Export Import FMU CS ME FMI1.0 2.0
2-2 FMI
3 [ ]
2-2 FMI2.0 Co-Simulation Windows64bit FMI
How do [ add my FMUs and results to the cross-check?
&
& &
& &
o o &
o & + & 0
& & 5® F & F ¥ &
FEFT T & S & T
+ Importing Tool » &b & qf @4‘ ‘<‘$\ & !‘bq \t‘é &
Adams LI ] EEEAEEER : :@: » : @
AMESim o o« HEOE (cr DDEDODE 0 @ B3
ANSYS Simplorer 0 o BB o 0 [ 0 [ 0 [ 0 [
AVL CRUISE M 0 o BB EE - B - DD - B
AVL Model CONNECT 0 [ o ERED o : B ER o 0 0
CATIA c BB E o @3E : ¢ o B
INTO-CPSCosimulati.. 1+ D EDERED ©c B EIES : 1 EEB
CosiMate 0 o o EB o 0 0 2 0 0 0 0
Dymala o 2 BB s - B B o 2 1
Easy3 0 ] 0 [3 [N : B + BN : B 2 [
FMI Bench o 1 M EHEH EBaBEaHODEEE @ I
FMI Toolbox for MAT... o [ 0 o I o e ! [ 0 [

FMI WG 12


http://fmi-standard.org/tools/
http://fmi-standard.org/tools/
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WG
Sample_3p1.zip
FMU1 (Model Exchange)
FMU2 (Model Exchange)
FMU1 (Co-Simulation)
FMU?2 (Co-Simulation)

3.1 FMU
3.2 FMU
2018 5
[12]
ZIP 4

FMU_J1_Casel_Dymola_ME_2.fmu
FMU_SD1_Casel_Dymola_ME_2.fmu
FMU_J1_Casel_Dymola_CS_2.fmu
FMU_SD1_Casel_Dymola_CS_2.fmu

FMU
Version FMI 2.0
Type ME CS
Compiler Visual C++ 64bit
0S Windows 64bit
FMU1 FMU2
3-1
Import 2.5 FMI
FMU Import
FMU
Simcenter Amesim
ﬁ FMI WG 13


https://www.jsae.or.jp/katsudou/detail1035.html
http://fmi-standard.org/tools/
http://fmi-standard.org/tools/
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3.1.2  Model Exchange

3.1.2.1
FMU FMU1 FMU2 Model Exchange
FMU 1 1 FMU
3-2
FMU1 FMU?2
------ i I m U a I m U /_
M —
3-2 FMU
FMU
3-3a  3-3b “path to the unzipped FMU root”
FMU dll dll
#
#
Parameters

| Title Value | Unit
@ inertia.phi - Absolute rotation angle of component 0 rad
(® inertia.w - Absolute angular velocity of component (= der(phi)) 0 rad/s
step.height - Height of step 1 null
step.offset - Offset of output signal y 0 null
step.startTime - Output y = offset for time < startTime 1s
inertia.J - Moment of inertia 1 kg.m2
TgSD - Accelerating torque acting at flange (=-flange.tau) - start value 0 N.m

v [3 Import parameters
enable logging no

I path to the unzipped FMU root

-./FMU_J1_Casel Dymola_ME_J1 |

3-3a_FMU1 (Model Exchange)

Parameters

Title Value Unit ‘
(® speed.phi - Rotation angle of flange with respect to support 0 rad
spring.c - Spring constant 1 N.m/rad
spring.phi_rel0 - Unstretched spring angle 0 rad
damper.d - Damping constant 1 N.m.s/rad
fixed.phi0 - Fixed offset angle of housing 0 rad
speed.f_crit - if exact=false, critical frequency of filter to filter input s... 50 Hz
Nj1- Reference angular velocity of flange with respect to support as i... 0 rad/s

v [0 Import parameters

no

enable loggin
I path to the unzipped FMU root

../FMU_SD1_Case1_Dymola_ME_SD1
==

3-3b  FMU2 (Model Exchange )

id FMI
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FMU Default
Nj1 TqSD 3-4
[rad/s] — Njl - Abselute angular velocity of flange as output signal [rad/s] | [N.m] | = TqsD - Accelerating torque acting at flange (= -flange.tau) [N.m]
0.6 0.0
0.5 ; -0.2
0.4 -0.4
0.3 06
0.2 4 0.8 __
0.1+ -1.0 —_
0.0 — 1.2 ;
B S S T Sy e S | ' ' ' ' |
# Time [S] 0 2 4 b TII:E [S] 8 10 12
3-4 (Model Exchange)
3.1.2.2
Parameters
Title Value unit |
(# speed.phi - Rotation angle of flange with respect to support 0 rad
|l spring.c- Spring constant 1 N.m/rad |
spring.phi rel0 - Unstretched spring angle 0 rad
I dam:er.d - Damping constant 1 N.m.s/rad
fixed.phi0 - Fixed offset angle of housing 0 rad
speed.f_crit - if exact=false, critical frequency of filter to filter input s... 50 Hz
Nj1- Reference angular velocity of flange with respect to support as i... 0 rad/s
v [0 Import parameters
enable logging no
path to the unzipped FMU root .../FMU_SD1_Case1_Dymola_ME_SD1
3-5 FMU1 (Model Exchange)
u spring.c- Spring constant
”1 [N m/rad]” 10 ”10 [N m/rad]”
u damper.d- Damping constant
"1 [N m s/rad]” 1/10 70.1 [N m s/radl]”
Nj1 TqSD 3-6
[rad/s] | — Njl - Absolute angular velocity of lange as output signal [rad/s] | N.m] — Tgs0 - Accelerating torque acting at flange (= -flange.tau) [N.m]
0.4 0.0 ]
03 |
T -0.5
0.2 ]
0.1 ]
4 -1.0
0.0 ]
-0.1 1.5
-0.2 - i
03 T T T T T T T T " T T 1 20 ] T T " T T T T T T T 1
0 2 4 6 8 10 12 o 2 4 fi 8 10 12
¥ Time [=] ¥ Time [&]
3-6 ME
i FMI WG 15
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3.1.3 Co-Simulation
3.1.3.1
Co-Simulation FMU

Model Exchange FMU
a co-simulation step size
a co-simulation step specification
Parameters
l Title Value | Unit
(® inertia.phi - Absolute rotation angle of component 0 rad
(® inertia.w - Absolute angular velocity of component (= der(phi)) 0 rad/s
step.height - Height of step 1 null
step.offset - Offset of output signal y 0 null
step.startTime - Output y = offset for time < startTime 1s
inertia.J - Moment of inertia 1 kg.m2
TgSD - Accelerating torque acting at flange (=-flange.tau) - start value 0 N.m
v [ Import parameters

co-simulation step size 0.001 s

co-simulation step specification time step size

enable logging no

path to the unzipped FMU root .../FMU_J1_Casel_Dymola_CS_J1

3-7a_FMU1 (Co-Simulation)
Parameters
| Title | Value Unit ‘
@ speed.phi - Rotation angle of flange with respect to support 0 rad
spring.c - Spring constant 1 N.m/rad
spring.phi_rel0 - Unstretched spring angle 0 rad
damper.d - Damping constant 1 N.m.s/rad
fixed.phi0 - Fixed offset angle of housing 0 rad
speed.f_crit - if exact=false, critical frequency of filter to filter input s... 50 Hz
Nj1 - Reference angular velocity of flange with respect to support asi... 0 rad/s
v [3J Import parameters
co-simulation step size 0.001 s

co-simulation step specification

time step size

enable logging

no

path to the unzipped FMU root .../FMU_SD1_Case1l_Dymola_CS_SD1

3-7b FMU2 (Co-Simulation)

Co-Simulation

”0.001 [s]”
FMU
FMU Default
Nj1 TqSD 3-8
i FMI WG 16



FMI

— Njl - Absolute angular velocity of flange as output signal [rad/s)

verl.0.1

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

frad/s] [N.m]
0.6 0.0
0.5 -0.2 +
0.4 - -0.4 +
0.3 4 -0.6 +
0.2 -0.8 +
0.1 -1.0 4
0.0 -1.2 4
-0.1 T T T T T 1 -14 T T T T T 1
0 2 4 6 8 10 12 0 4 6 8 10 12
¥ Time [s] % Time [s]
3-8 (Co-Simulation)
Model Exchange Co-Simulation
FMU Step Delay 2.4.2
0.001[s]
0.0001[s] 3-9 0.001[s]
[rad/s] — Njl- Absolute angular velocity of flange as output signal [rad/s] [N.m] — TqSD - Accelerating torque acting at flange (= -flange.tau) [N.m]
03355 -04080
] -0.4085
0.3350 - E
] -0.4090 e
0.3345 -0.4095 3
03340 -0.4100 é
] -0.4105
0.3335 E
] -0.4110
0.3330 -0.4115 3
1.4I200 1.4505 1.4;'10 1.4515 1.4‘220 o ‘1.450(; o “IAIZO.'I‘ o ‘;Alﬂﬂ; o ‘I|.4I21.‘; o ‘IIA‘ZZ(I) S
¥ Time [5] *: Time: [z]
3-9 ( 39 )
3.1.2.3
FMU1 FMU2
U co-simulation step size ”0.001 [s]” 100 0.1 [s]”
0.001[s]
Co-Simulation
4
[radfs] Nj1 - Absolute angular velocity of flange as output signal [rad/s] 0.1 [s] interval [N.m]
08 “J|— ni1 - Absalute angular velocity of flange as output signal [rad/s] 0.001 [s] interval 00 ] _
07 02 TgSD - Accelerating torque acting at flange (= -flange.tau) [N.m] 0.1 [s] interval
06 ] i — TqsD - Accelerating torque acting at flange (= -flange.tau) [N.m] 0.001 [s] interval

-02 : ‘ . : : : : | ; |

-04
0.5 ]
04 0.6
0.3 08
02 1.0
0.1 1
0.0 127

.1_4_

0 2 4 3 8 10

¥ Time [s]

3-10

¥ Time [=]
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3.2
3.2.1 FMU
2018 5 WG
[12]
Sample_3p2.zip ZIP
3-1
Model Exchange Co-Simulation
FMU1 FMU2 FMU1 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 (1 4 )
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 — —
3-1 FMU FMU
Simcenter Amesim FMU
Co-Simulation FMU1 J1 Amesim CS.ame
3-11 FMI
FMU
(FHI 4 23 -2z —270w2)
- _@f_{ NL PN Tod }
b —p ! [rev/min] [rad/=] [Mm];
w - i
O—O= =)= |
_ = i [Nm]
TR RV AT-r _@(_
1
3-11 FMU1 J1_Amesim CS.ame (J1 )
FMU
5.1.1
SI [rad/s] [Nm]
Amesim [rev/min] ” Nj1 FMU2
- - FMU2
FMU2
FMI WG 18
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Amesim o 1
FMU Interface > FMU Export Assistant 3-12
FMU
FMU Export Assistant ? X
Welcome

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

Export settings FMU type and version

|Co-simu|at1‘on 2.0 VI

Platform selection
Visibility level: exposed elements

(0 High: expose all parameters and variables

FMU generation

(O Low: expose nothing except input and output variables

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

[] provide directional derivatives when applicable
Embed tables

[] FMU for real-time

Output directory: C:/AMETest/JSAE \Z]

v < Back I Next > H Cancel l

FMU Export Assistant ? x FMU Export Assistant ? X
Platform selection Results
Configure binaries to include in the FMU FMU export results

+/ Export settings 32-bit compilation / Export settings Messages  Details
® Microsoft Visual C+ .
Platform selection ) GNUGCC VAT il | Preparing Cfiles...
O Intel G+
Compiling FMU code for target win32-ve...
FMU generation 64-bit compilation FMU generation
Compiling FMU code for target winéa-vc...
® Microsoft Visual C+
O Intel c++ Generating FMU....
Additional compilation settings: FMU generation succeeded.

[] Generate log file
End interface generation -> OK

FMU generation completed.

[ <pack |[generate>] [ cancel | | | [ melp |

3-12 FMU Export Assistant

FMI 2.0 Co-simulation "FMU type and version”
"Visibility level: exposed elements”
"User-defined: expose only the watch parameters and variables” FMU
FMU
3.2.2
FMU
FMU

i FMI WG 19
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3.2.2
FMU
FMU
3.1.2 Model Exchange FMU2 3-13
”speed.f._crit — if exact=false, critical frequency of filter to filter input s...”
Parameters
I Title Value | Unit
@ speed.phi - Rotation angle of flange with respect to support 0 rad
spring.c - Spring constant 1 N.m/rad
spring.phi_rel0 - Unstretched spring angle 0 rad
damper.d - Damping constant 1 N.m.s/rad
fixed.phi0 - Fixed offset angle of housing 0 rad
Ispeed.f_crit - if exact=false, critical frequency of filter to filter input signal 50 Hz
Nj1 - Reference angular velocity of flange with respect to support as input signal - start value 0 rad/s
v [J Import parameters
enable logging no
path to the unzipped FMU root ../FMU_SD1_Case1_Dymola_ME_SD1

3-13  FMU2 (Model Exchange )

FMU2 Modelica 3-14
SD1_Dymola_ME.mo SD1

' SD1

i

I

: I
tau I

I

I

I

I

spring

| Model Modelica. Mechanics E
. )
Rotanonal Sources. Speed VoW =

T R S IO S8
| YT
I w_m = uﬁ: damper
T i —e{
2 RN 5. AN U VR ST BN IS
3-14 Modelica (SD1 )

“ Model Modelica.Mechanics.Rotational.Sources.Speed*
3-15

id FMI WG 20
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i Parameters for speed

Name \ Value l Unit ] Comment
v 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 signall
f_crit 50 Hz if exact=false, critical frequency of filter to filter input signal
w_crit 2 *Modelica... rad/s Critical frequency
3-15 (SD1 ) speed
”f crit” “exact” false FMU ?exact”
“true” FMU

3-13 ”speed.f._crit —if exact=false, critical frequency of filter to filter input s...”

FMU ’f crit”

id FMI WG 21
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4 FMU ME/CS
Model Exchange(ME) Co-Simulation(CS)
FMI ME CS 4.1
4.2
4.3 4.4
4.1 FMU ME/CS
4-1 Model Exchange Co-Simulation 4-1
Model Exchange
Co-Simulation
FMU
FMU
Hardware in the Loop Simulation
4-1 ME CS
Model Exchange Co-Simulation
FMU

FMU

Communication Step Size

FMU

Core

FMU

Hardware in the Loop Simulation

FMI WG

22
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4.2 FMU
FMU
4-1
N N
=9 K
’ﬁ;ﬁ‘ Libs Libs
o 3 3

4-1 FMU
(FMI ) [10]
4.3 (Model Exchange)
4.3.1
Model Exchange FMU
4-2a PI

4-2a PI 4-2b PI

id FMI WG 23


https://fmi-standard.org/

FMI

verl.0.1

4-3
Actuator 1
0 ._.__>|E|>_).§§;:—> EAa i
W | L
..... = % P : :
® = @
L
4-3 1
PI
FMU
43.2 FMU
FMU model Description File modelDescription.xml
FMU FMI
Specification model Description File Compliance
Checker FMI FMU
4.3.3 FMU
FMU 3 2 FMU
1 FMU
FMU
I/F verl.0 [11]
5
Model Exchange FMU
model Description File
Dependency
3.1.2 FMU1 model
Description File
FMI WG 24
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FMI verl.0.1

<ModelStructure>
<outputs>
<Unknown index="9"/>—+ Qutput signal (speed)
</Outputs>
<Derivatives>
<Unknown index=v2v/> —» Acceleration (derivative of speed)
<Unknown index="4"/> —» Speed (derivative of displacement)
</Derivatives>
<InitialUnknowns>
<Unknown index="1"/> —» Speed
<Unknown index="3"/>-—+—Dmngement
<Unknown index="9"/> __, Qutput signal (speed)

</InitialUnknowns>
</ModelStructure>
FMU index
FMU index
index="9" index="1"
2
FMU2 FMU1 FMU2
FMU
1
model Description File
<ModelStructure>
<Outputs>
<Unknown index="9" dependencies = "1"/>
</0Outputs>
<Derivatives>
<Unknown index="2"/>
<Unknown index="4"/>
</Derivatives>
<InitialUnknowns>
<Unknown index="1"/>
<Unknown index="3"/>
<Unknown index="9"/>
</InitialUnknowns>
</Model8tructure>
“dependencies” index="9"

id FMI WG
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4.3.4
Model Exchange
FMI
- (1)
I s R L
d?q(t) dg(t) 1
1% c Ve (D) -
5 © = =I
TT TT L oI + R o +C,q(t) s
4-4 LRC
x(t)
" ™
= dzx(t) dx(t)
N M— >+ C—= + Kx(t) = Foxy
c
4-5
L @ 2
LRC 4-4 4-5
Runge-Kutta
4-6
YO
YO
ERK, s=p=1 (i ERK s=p=2 [ ERK, s=p=3 ERK, s=p=4
3 3
3 -3k 3|
3 2 1 0_ 3 2 1 0 -3_-5_-:_0— -3 -2 -
4-6  Runge-Kutta 1 4

FMU Model Exchange

»

(2)

id FMI WG
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4.4 (Co-Simulation)
4.4.1
Co-Simulation

3D-CFD

442 FMU
FMU Model Exchange

4.4.3 FMU
FMU Model Exchange Co-Simulation
Communication Step Size

Co-Simulation FMU

4.4.4

Co-Simulation 3 1
Coupling with System Models Stand Alone 2 3
Tool Coupling Distributed

Co-Simulation

241
Co-Simulation
Communication Step Size Communication
Step Size
Co-Simulation
FMU FMU

1)

2)

3)
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PC
Co-Simulation FMU executable
Model Exchange 1 executable
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5
FMI FMU
5.1 I/F
5.2 5.3
FMU 5.4
55 FMI
FMI FMI
5.1
FMI
5.2 4
2017 3
I/F [11]
5 FMU
5.1.1
5
5-1
I/F
SI SI
JIS
( I/F (ver.1.0) 11]

FMU
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http://www.meti.go.jp/press/2016/03/20170331010/20170331010-1.pdf

FMI verl.0.1

5.1.2
5-1

5-2a 5-2b

FIRETAREVE FSUFETIL
(MEBEEOALN) (ML, REhdata)

= roxEE
. aT wirad/s)AEE

LS —xl | FFARA—N
TiNm).bIL2

5-1 (11]

5-2a

5-2b

5-2a

FMU

FMI

Ver.1.0 [4]

WG
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http://www.jsae.or.jp/tops/topic.php?code=1241
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5.1.3
5.1.3.1
5.1.3.2
SI
FMU

FmiModelDesaiption [

FMI

FMI verl.0.1

FMI modelDescription.xml

FMI

Baselnit_value =
Factor*Unit_value + offser

DisplayUnit_walue =
Factor*Uinit_walue + offset

" pisplayunit E———F &% |

—

5-2 modelDescriptionFile

FMI for ModelExchange and CoSimulation v2.0

FMI

WG

31


https://svn.modelica.org/fmi/branches/public/specifications/v2.0/FMI_for_ModelExchange_and_CoSimulation_v2.0.pdf

FMI verl.0.1

[rad/s] [rpm]
[ ]
I/F
WG FMU
5.2
2
5.2.1 FMI
ME
CS
CS
CS
1 FMU 1 FMU
FMU
FMI2.0 FMI3.0
2 2-5 2-10 FMI
(y) )
FMU (y) (v)
)

5.2.2

5.2.2.1

CS
5.2.2.2
5.2.2.1
5.2.3
5.2.2.1
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5-3a FMU1 FMU2
FMU1
5-3b
o & i
fERIE
=t
5-3a
1.2
1
0.8 A I
0.6 ——FMU1
0.4 e CSFMU1
e CSFMU2
0.2
0 T T
0 0.1 0.2 0.3
Timels]
5-3b CS ( =0.01s)
5.2.3
WG
FMU 5.1.2
5.1
5.2.3.1
ﬁ FMI WG 33
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5.3 FMI
5.3.1 FMI 1.0 2.0
2.2.2.1 5.2.3 FMU FMU
FMI FMU
5.3.3
5.3.1 FMI
FMI 1.0 1.0.1 2.0 FMU
1.0 2.0
2.0
2.0
5.3.2 OS
FMU binaries win32 win64 linux32 linux64
OS bit 5-4
OS bit
(O bit FMU
binaries FMU dll
SO
I X L | —
ot |
model Description xml win32
|| | |
xoou.fmu binaries winéd
I
= linux32
| —
sources |
linux64
5-4 FMU
5.3.3
FMU sources
5-4
0S binaries
ARM FMU
FMU
FMI WG 34



fmitModelDescription EI—

FMI verl.0.1

L2 = |

5-5 modelDescriptionFile

FMI FMI for ModelExchange and CoSimulation v2.0 (7]
5.3.4
FMU
2-5 2-10 5.2.1
5.4 FMI
5.4.1
FMU FMU
FMU
5.4.2 FMU
FMU 5.3.2 OS bit
CS FMU FMU
2.4.1 5.4.1
FMI 35
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5.4.3
FMI

5.4.4
FMI

FMU

4.3.2

FMU

FMU

FMU FMI

Compliance Checker

5.5.2
FMI

FMU

Unicode

FMU

FMI
FMU
5.5.1

FMI

FMU

FMI

FMI

xml

FMU

Compliance Checker

verl.0.1

FMU

FMI

FMU

WG
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5.5.3
2 FMI
5.5.3.1
2 FMU FMU
5.5.3.2
FMI FMU
FMU
5.5.4
5.5.4.1 FMI
FMI
0 time=0 FMU 0
5.5.4.2
FMI 1) 2)
1
5-6 5.1.3
FMU
2)
5-6 CS FMU
Communication Step Size ME FMU
4.3.4
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6.1 FMU Compliance Checker
6.2 6.3 WG
2 [8][14]
6.1 Compliance Checker
4 5 Compliance Checker
Compliance Checker FMI

- - - - g - -
el\?) 4 https://trac.fmi-standard.org, © ~ & €& ﬂ 4% Compliance-Checker in ... | AR L
I7IE) ®|E(E) F|EN) BICADA) Y—ILUT) ~LT(H)
~
Functional Mackup hterface - Eaue Tracker Seerch
Login = Prefersnces
Wiki Timeline Roadmap Wiew Tickets Mewr Ticket Search
Last Change | Revision Log
source: branches / public / Test_FMUs / Compliance-Checker
Wisit: | View revision: View diff against:
MName Size Rewv Age v Author Last Change
./
=] FMUChecker-2.0.4-wing4.zip 228.1 KB 4, 3955 7 months | victor.johnsson Uploading FMI Compliance Checker 2.0.4
=] FMUChecker-2.0.4-win32.zip 211.5KB b, 3955 7 months | victor.johnsson Uploading FMI Compliance Checker 2.0.4
=) FMUChecker-2.0.4-src.zip S5L9KE b, 3955 7 months | victor.johnsson Uploading FMI Compliance Checker 2.0.4
=) FMUChecker-2.0.4-linux64.zip 291.1KB 4, 3955 7 months | victor.johnsson Uploading FMI Compliance Checker 2.0.4
=] FMUChecker-2.0.4-linux32.zip 312.0 KB b, 3955 7 months | victor.johnsson Uploading FMI Compliance Checker 2.0.4
=) FMUChecker-2.0.4b1-win64.zip 228.1 KB 4, 3929 8 months | victor.johnsson Uploading FMI Compliance Checker 2.0.4b1
=| FMUChecker-2.0.4b1-win32.zip 211.6 KB ¥, 3929 8 months | victor.johnsson Uploading FMI Compliance Checker 2.0.4b1
=] FMUChecker-2.0.4b1-src.zip 51.9KE b, 3929 8 months | victor.johnsson Uploading FMI Compliance Checker 2.0.4b1
=) FMUChecker-2.0.4b1-linux64.zip 291.1 KB 4, 3929 8 months | victor.johnsson Uploading FMI Compliance Checker 2.0.4b1
=| FMUChecker-2.0.4b1-linux32.zip 3130KE +, 3929 8 months | victor.johnsson Uploading FM1 Compliance Checker 2.0.4b1
=) FMUChecker-2.0.3.zip 1.7MB 4, 3285 21 months | bengt-ame_andersson  Uploading FMI Compliance Checker 2.0.3.
=) FMUChecker-2.0.3-wing4.zip 2249 KB o+ 3285 ¢ 21 months | bengt-ame_andersson Uploading FMI Compliance Checker 2.0.3. v

6-1 Compliance Checker

6-1 (O] "Age 7
Windows64bit 2018 6 FMUChecker-
2.0.4-win64.zip
Z1P
D:¥FMUChecker-2.0.4-win64
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FMI

verl.0.1

(€10

» JEa—%— » LocalData (D:) » FMUChecker-2.0.4-win64 »

Gl g

5| BERRUER

= STISU

EI =S
B EoFr

B e

al T1-Tws

™ orEa—-s—
™ SYSTEM (C:
&= LocalData (D:

)

8 EnE

ZE - SATZUISEM -

m

HE - FLWIA LA —

£m .
include
|| ACKNOWLEDGEMENTS.md
|| BUILD.md
=7 fmuCheck. win64.exe
|| HOW-TO-RELEASE.md
|| LICENCE.md
|| README.md
|| RELEASE-NOTES.md

416 KB
1 KB
2 KB
6 KB
7 KB

Compliance Checker

3.1

Sample_3pl.zip

fmuCheck.win64 -e error.log FMU_dJ1_Casel_Dymola_ME_2.fmu

6-2 Compliance Checker
FMU warning  error
ZIP FMU_J1_Casel_Dymola_ME_2.fmu

[\ B S iu b o

D:¥> cd FMUChecker-2.0.4-win64

D:¥> dir
TatHY ~ D:¥FMUChecker-2.0.4-win64 D 5 <> T+
§ TOATO-5- 2018/06/18 17:11 <DIR>
& vk FoxF - 2018/06/18 17:11 <DIR>
A | 2018/06/18 14:49 969 ACKNOWLEDGEMENTS.md
T i 2018/06/18 14:49 3,031 BUILD.md
AER 2018/06/18 14:49 425,472 fmuCheck.win64.exe
B 2-Bitw Bk 2018/05/31 09:36 919,630 FMU_J1_Casel_Dymola_ME_2.fmu
. 2018/06/18 14:49 640 HOW-TO-RELEASE.md
- 2018/06/18 16:26 <DIR> include
SATLY=IL - 2018/06/18 14:49 1,567 LICENCE.md
‘ R 2018/06/18 14:49 5,975 README.md
AIcES 2018/06/18 14:49 6,967 RELEASE-NOTES.md
| 71 1,364,251 /% +
P k1) 34,759,430,144 /-
D:¥ FMUChecker-2.0.4-win64>fmuCheck.win64 —e error.log FMU_J1_Case1_Dymola_ME_2.fmu
6-3  Compliance Checker
6-4 error.log 6-5
FMI WG 40
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6-4 Compliance Checker

@\ Je[l» 3vEa—&— ) LocalData (D) » FMUChecker-2.0.4-win4 »

2 . I8 - ENRl FmLLIANS— =~ 0 @
¢ BREAD & ERts
W FRoby T include

L BEET RS || ACKNOWLEDGEMENTS.md KB

| BUILD.md KB

J S4F5u L errorlog KB

. - %) FMU_J1_Casel_Dymola_ME_2.fmu KB

| A ®7] fmuCheck.win64.exe KB

ShEad ] HOW-TO-RELEASE.md KB

B era [ LICENCE.md KB

& Z1-svo || README.md KB

|| RELEASE-NOTES.md KB

o —s—
Gs SYSTEM (C:)
&a LocalData (D:)

error.log {ERLEFT: 2018/06/18 17:58

2
FFERAN RFaA b HAZ: 6501k

6-5 error.log

error.log

[FMILIb
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5 FMU
FMU  Compliance Checker FMU
0
5.5.2
Compliance Checker README.md 6-5
Compliance Checker FMI
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6.2 1 WG
2017 10 FMI (Functional Mockup Interface)
2018 5 2nd Japanese Modelica Conference WG (8]
6.2.1
5 FMU
Co-Simulation 6-6

OS  Windows64bit FMI2.0

Sample_6p2.zip ZIP 7
Driver Driver_ FMU_Export_Rev16.fmu.fmu
Power Train Powertrain_ FMU_export_Rev16.fmu
Drive Line DS Simulink.fmu
Chassis FMI 20 Blackbox Euler Test FlatPad.fmu
Steering SteeringMechanismRackPinionInMetric.fmu
I/F Sample_6p2_ I/F xlsx

Sample_6p2_Result.txt

- aﬁ % S onEie Manual
o G s . Transmission
Manual Steerin; -“J}ﬁeg / 40 B LT [Nm] *  Differential
& 4 igatA(rad] = —— il

- 2 SR —

' —fc g < Propeller Shaﬂjb i
O&; . égi%;zuw bIL-] 9 B[] D a

g ’ (}\;éf;édal D59 F[-] ¥ Upper [rad/s] Driveshaft

J kv ELEA bl B, . .
| : j‘yg{u% .f;‘.’%\:“:" = Fr):mn . E@EEE ML
- [rad/s] 0| [N

! m ‘
g | M cract pega
sl I R <
il

Suspension

5 FMU

Explorer
FMU ZIP
I/F Sample_6p2_ I/F xlsx
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6.2.2
FMU 6-1
6-7 FMU
6-1
EMU FMY FMU
Clutch_Action@expseu [] R 1
1 driver Engine load@expseu [-1 ® P )i 2
Gear position@expseu [-1 o hJ 3
Steerin_Angle@expseu | [rad] 4
3 1 |K | 1 |Npropshaft@expseu [rad/s] |[Pr op/ Shaf't Neng@expseu [rad/s] |«fi ©fi 1
1 3 |K | 2 |Gear position@expseu| [-] o hJ 2 Power |Nclutch@expseu [rad/s] |« ' e u 2
1 2 |[K | 3 |Engine load@expseu [-1 ® P )i Train |Tpropshaft@expseu [Nm] [Prop/ Shaftf)3
1 | 1 |K | _4 [Clutch Action@expseu| [-] < e
2 3 |K 1 [Tq ™™ [Nm] |Prop/ ShaftJ] « Drive N _Propshaft [rad/s] |Prop/ Shaft] 1
4 7 |K 2 [N RL [rad/s] D/ Shaf't 3 Line Tq RL [Nm] D/ Shaft}|.2
4 5 |K 3 _IN RR [rad/s] D/ Shaft Tg RR [Nm] D/ Shaf t|.3
5 2 |K | 1 |steeringTranslation [m] P - position x [m] X 1
[ O|K | 2 |FrontRightWheelTau [N] D/ ShaftJ|i « position y [m] Y 2
3 | 3 |k [_3 [RearRightwheelTau [N] D/ ShaftJf|i « position z [m] z 3
[ O|K | 4 |FrontLeftWheelTau [N] D/ Shaft ] I | chassis FrontRightWheel w [rad/s] 4
3 2 |K | 5 |RearLeftWheelTau [N] D/ Shaft]i+ RearRightWheel w [rad/s] 5
FrontLeftWheel w [rad/s] 6
RearlLeftWheel w [rad/s] 7
steering force N [F e . 8
1| 4 |k| 1 [steerAngle [ [rad] | . |steerTorque [Nm] TS 1
4 | 8 |k | 2 [rackForce N [F e e 5 |Steering [ ckposition m [ e 2
steeringhl..
Steering
> const >
powertrai... > i
‘\\ . _ >
< PowerTrain o = fMI_OTest_FlatPad_...
. ds_simui.. | S ———————
driver_FM - >
Driver Driveline Chassis }|
6-7
6.2.3
6-8 Open loop
5
1.2 4 Open Loop Simulation 6
1
0.8 5
0.6 n
0a | | 11 8 [ il [
Steermg-o-z T i | | : | ' 1 .
Accel o L Hj Ll :T: [ SGean’
Clutch k T
5 10 15 20
-0.2 L 5
0.4 -
0.6 - f‘«ﬁ_é'l pedal .
-0.8 h
1 Steering Angle Lo
Time |s]
6-8
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6.2.4 FMU
6-9
”steerAngle” “rackPosition” 7g51”
steeringAnglewerSensorl
-.‘/ L 4
teerAngl 5 R 51
steerAngle i |@S v:_J g -
||
G(s) P ———
i b1+b2*s+b3*s”2
al=1
steeringWheel!® | {b1, b2, b3}={1.0,0.001,0.00001}
steerTorgge o
Q
3 (4
rackForce 2 beta
P
ET steongel
02 g At o
- q.}rackStop
” (p——
rackF steeringLink rack
= >
qnsorl
function1
rackPosition i2RO1
—e—a1 %0
6-9
SimulationX 6-10 Parameters
U 2 gSl.A[l] ”1 [ _ ]” ” 1[ - ]”
-
[ ] Properties - steeringMechanismRackPinionInMetricl (Model) M
Parameters | FMI Settings | Master Algorithm | Results | General | 4 I
Numerator {al0,....am} 'gs1.A[1]": H - - ﬁ
Denominator {b0,....bn} 'gs1.B[1]': 1. E
Denominator {b0,.._ bn} 'gs1.B[2]": 0.001 E
Dencminator {b0,.._bn} 'gs1.B[3]:  1.0000000000000001e-005 E
Min. calculation step size 'settings.dtMin': 1=-008 E
Mam. calculation step size  'settings.dtMax': 0.06 E
Absolute tolerance 'settings.absTol': 1e-005 E
Relative tolerance 'settings_relTol': 1e-007 S
Integration Method (0: Ad...'settings.iMode’: 1 E
Max. solver order 'settings.maxOrder': 5 E
- =1 R 2 @
6-10 SimulationX
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6.2.5
20

"ODE1”

5 FMU ”5e-5 [s]”
Start Time 0 [s]
Stop Time 20 [s]
Solver, Step Sizes and Tolerances Fixed step Solver
Integration method Euler Forward ODE1
Min. Calculation Step Size 0.00005 5e-5 [s]
Min. Output Step Size 0.01 [s]

SimulationX SimulationControl
Simulation Control e s - e
Simulation Time
Start Time tStart: O [; .]

Solver, Step Sizes and Tolerances

Stop Time tStop:

20

Integration method:

O
|FboedSupSoM¢r{EHw'naI50her} 'l
. -

Min. Calculation Step Size dtMin:

Se-5

| Euler Forward

Recording of Results

Min. OQutput Step Size dtProtMin:

|
0.01 s -
U

| QK J [ Gencel ][  fpply ][ Hew )
6-11 SimulationX
FMU Co-Simulation

FMU
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6.2.6 Communication Step Size
Co-Simulation FMU
6-2 FMU

6-2 FMU  Communication Step Size

Power Drive
Train Line

Setting Driver

Chassis Steering

SimulationX Master Algorithm FMU
r 3
] Properties - Driver (Model) &
ttings Master Algorithm | Results | General | 4 »
Communication Step Size hc:  [p.0000S s B e
- = d X o7
6-12 Communication Step Size SimulationX

Communication Step Size

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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FMI

7
FMU
Sample_6p2_Result.txt
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verl.0.1
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i
\ 3000
0015 Il
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3 -0.005 2
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| , 1000
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6.3 2
4 5 2017 3
Ver.1.0 Simulink

6.3.1

2018 5 WG

[13]
7 FMU
Driver model Splitl  Vehicle model 6 Split2  Split7
FMIZ2.0 Windows 64bit CS
Sample_6p3.zip ZIP 9

FMU  Driverfmu ENG CNT.fmu TM _CNT.fmu PWT PNT.fmu CHA PNT.fmu
ALT CNT.fmu ELEC PNT.fmu
JCO08 jc08.csv
Sample_6p3.txt
Spiit 1

Driver model Vehicle model

Split 2

| &

i Conirol ‘

| ! biF Split 5
! Q I I ﬁ ? j,h‘l:':: ﬂ
Splith Tiee
Split7 A
: “* B
-
P
6-15 Vehicle model
7 FMU

Explorer
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http://www.meti.go.jp/press/2016/03/20170331010/20170331010.html
https://www.jsae.or.jp/katsudou/detail1035.html

FMI verl.0.1
6.3.2
6-3 FMU
6-16 FMU
6-3 FMU
FMU Number FMU Numb  FMU Name
3 1 [ratio CVT K 1 |ratio CVT open brake pel 1
2 5|n_eng rpm sig K 2 |n_eng rpm_sig 1 Driver open _accel per| 2
JC08 km/h K 3 |target v_VL kmph
5 2 [V_PNT_kmph K 4 v VL PNT kmph
3 2 |flag lockup K 1 |flag Lockup open _throttle per 1
4 2|n_eng rpm K 2 |n_eng rpm flag fuelcut 2
1 1 [open brake per K 3 |open brake per 2 ENG CNT flag ldelStop 3
1 2 lopen _accel per K 4 |open accel par - timing ignition 4
5 2|V _PNT kmph K 5 |v._VL PNT kmph n_eng rpm sig 5
flag ON Starter | 6
4 1[n TM PNT rpm K 1[n TM PNT rpm ratio CVT| 1
5 2|V _PNT kmph K 2 [v VL PNT kmph 3 TM_CNT flag Lockup| 2
2 1 [open_throttle_per |k 3 lopen _throttle per omg Slip rpm_3
5 1w TR PNT radps |k 1 |w TR PNT radps n TM PNT rpnil
3 1 |ratio CVT K 2 [ratioCVT n_eng rpm 2
3 2 |flag Lockup K 3 |flag Lockup trg DF PNT Nm3
3 3 |omg slip rpm K 4 lomg Slip rpm tScope Fuel| 4
2 1 [open throttle per |k 5 |open throttle per 4 PWT PNT tScope Fuelratio | 5
2 2 |flag fuelcut K 6 |flag fuelcut - tScope CVTLogs 6
2 3 |flag IdleStop K 7 |flag ldleStop tScope trg Flywheel2| 7
2 4 [timing ignition K 8 |timing ignition w_ENG PNT radp$
7 2|trg ALT PNT Nm |k 9 |trg ALT PNT Nm
7 3|trg ST PNT _Nm K | 10]trg ST PNT Nm
1 1 [open brake per K 1 |open brake per w_TR PNT radpsl
4 3 [trg DF PNT Nm K 2 |trg DF PNT Nm 5 CHA_PNT v_VL PNT kmpH
tScope V. VL PNT mp8
7 1[SOC BT PNT Lo PCT| 1 [SOC BT PNT Lo PCJr target volt ALT V| 1
2 2 |flag fuelcut K 2 |flag fuelcut
2 3 |flag IdelStop K 3 |flag ldleStop 6 ALT_CNT
2 5|n _eng rpm sig K 4 [n_eng rpm sig
6 1 [target volt ALT V |k 1 |target volt ALT V SOC BT PNT Lo |PAT,
2 6 |flag ON Starter K 2 |flag ON _Starter trg ALT PNT Nm2
4 8|lw ENG PNT radps|k 3 |w_ ENG PNT radps - ELEC_PNT trg ST PNT Nm3
tScope pulleylloss| 4
tScope SOC Bajt 5
tScope V_AL[l 6

CHA_PNT J

C

m
(A
(8]

PWT_PNT J
L]

6-16

(e}

]
1

L[]
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6.3.3
FMU1:Driver 6-3
Closed Loop JCO08 jc08.csv
6-17 6-16 curve
B curve: Gorve (GG GRS o P reye—
SHIS 5= AAANA R 320 9
0
6-17
6.3.4
JCO08 1204
"ODE1”
FMU ”2.5e-3 [s]”
Start Time 0 [s]
Stop Time 1204 [s]
Solver, Step Sizes and Tolerances Fixed step Solver
Integration method Euler Forward ODE1
Min. Calculation Step Size 0.0025 2.5e3 [s]
Min. Output Step Size 0.01 [s]

Solver, Step Sizes and Tolerances

-
Simulation Control #
| Simulation Time -
Start Time tStart:
Stop Time tStop:

1204

| Fixed Step Solver (External Solver) -

Integration method:

Min. Calculation Step Size  dtMin:

0.0025 s =

IEuler Forward

Recording of Results
Min. Qutput Step Size

dtProtMin:

0.01) s - |

J [ Qencel [ ooty ][ Heb ]

6-18

SimulationX
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6.3.5 Communication Step Size
FMU
FMU

Co-Simulation

0.0025

i | Properties - Driver (Model)

2.5e-3

[s]

Parameters 4 | Parameters 5 | FMI Settin

1G5 Masterquori{hmlFecuf': Genera 4 )

Communicaticn Step Size hC:

- Ed &

p.co2s

6-19 Communication Step Size

SimulationX

6.3.6
FMU
Sample_6p3.txt

Driver.'open_accel_per'

ENG_CNT.'n_eng_rpm_sig'

2000

1000

_________________________________

.
600 800 1000 0

6-20a  FMU1 open_accel per

TM_CNT . ratio_CVT'

5000

4000

3000

2000

1000

i i I I i s 0
0 200 400 600 500 1000 1200

6-20c  FMU3 ratio CVT

CHA_PNT."v_VL_PNT_kmph'
80

200 400 600 800 1000 izo0

6-20b FMU2 n eng rpm sig

PWT_PNT.'n_TH_PNT_rpm’

400 600 800 1000

6-20d  FMU4 n TM PNT rpm

ELEC_PNT.'tra_ALT_PNT_Nm"

70

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

_________________________________________________________

0 200 400 600 800 1000 1200 0

6-20e  FMU5 v VL PNT kmph

I

200 400 &00 800 1000 1200

6-20f FMU7 trq ALT PNT Nm
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Appendix

modelDescriptopnScheme (fmi2ModelDescription.xsd)

fmi2VarizbleDependency
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