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1.4. Altair Twin Activate
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1.4.2. FMU Q4 v R— k &ET
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115 ¥ I bl bbbt g bbb ol b e el o g e e et toby el b d Sl Tt b e e bl o okt ol v e b bt il e oo @ x
General Parameters  Adwanced  Reporting  Model Exchange  Co-Simulstion

LEmu fiie name ‘0/Sample 63/ ALT_GNT fmu’ I=H |
MNumber of continuous states 1]
Mumter of zero-crossing surfaces 1
Mumter of chhck variables o 2
Mumber of Inputs 4 &
Input ports
Iame Description Datatype Direct dependency vector far the input
1 BT_PNT Lo PCT ", Dims: 1° ‘Real’ 1%0
2 'flag_fuelout” *, Dims: 1° ‘Boolean’ 1*0
3 flag ldieStop *, Dims: 1° ‘Boolean’ 1#0
4 'nengrpmsig | Dims: 1° ‘Real’ 1%0
MNumber of outputs 1 2
Output ports
IMName Description Datatype

argat_wolt ALT V', Dims: 1" ‘Real’
Mumber of parameters 10 Z
Parameters

Marne Descriptian Datatype Unit Walus *
1 OffOutputValue’ , Dims: 1° ‘Real’ " 1 000000
2 OnOutputValue' ", Dirms: 1 ‘Real’ 0000000
3 witchd Threshald' |*, Dims: 1° ‘Real’ 0500000
4 FRPM_HYS_rpm’ ', Dims: 1° ‘Real’ 600 000000
5 NRPM_HYS_rpm’ ", Dims: 1 “Real’ 1 000000000 -
Reload file Reload
FMLU Documentation Show
Additional outputs i}

Info Apply oK Cancal

X 1.4.2-2 FMU ©OA »&R— b

@ TAdvanced| # 7 Cl3tkx 7 BMMOZFE Z#FE T £9, b L. Model Exchange & Co-Simulation
W ETenA 7Y v K FMU ZH0 iATe4. 204 7T [Run as Model Exchange If both FMU
types are provided] |ZF = v 7 Z AL 5 & Model Exchange & L CT3E47237JE T4, Co-Simulation
D FMU % A v iR— b3 58513 Co-Simulation ] % 7 Tl Preferred fixed communication stepsize |
¢, Co-Simulation #1729 BEDBEEMBEAHEL TRV, ¥4 72277 [OK| ##TF+5L, £
TV T U4 Ry RICEEYOFMU 37 ey 7 & LCRIESNET,
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General Parameters  Advanced  Reporting  Model Exchange  Co-Simulation
Run sz Model Exchange if both FMU types are provided I
Errar toleranca is provided ta FMU
Final time is provided to FMU
Deleta the unpacked FMU before axiting
Show FMU input event ports
Show FMU output event ports
FMU resource location o

Directory for unpacking the FMU
Run in safe mode

lumber of envimnment variables

Info

X 1.4.2-3 Advanced # 7

[AVV)  HARE AR AR HEREA AR AR R =R AR R AR AR B eR SRR A
General Parameters  Advanced  Reporting  Model Exchange  Co-Simulation

oK

L ex

Cancal

I Preferred fixed communication stepsize 00

FMU input interpolation

FMU output extrapolation order 0
Secondary simulstor should be visible
Enable rollback
Exploit directional derivative

Info

X 1.4.2-4 Co-Simulation # 7

QK
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@ W FMU % Fio X 52 TA AR —FL, FMU 712 v 7 OR— MIAMEZLDFRENET
OTHUNIFEMLTTEW, Tit., (K 1.4.10) 138D FMU % &€ 7 /L O T,

X 1.4.2-5 FMU k€7 /v

® EHY RO [Simulation] @ [Setup| 76 FETREFSC Y/ AN EDTY I a2l —va b /RXTFA—X
ZiRE L, [A [Simulation] @ Run] RZ by ab—va VETE2To TRV,
757 T alb—a URERERTEVEAIE. SLy R T YN Activate 7 7 U @ TSignal
Viewers| 725 [Scopel 71 v 778 %ET /MICHH L TFIW,

5000+

4000+

3000+

2000+

1000+

o~

X 1.4.26 ¥Ial—va rETHER
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1.5. dSPACE SystemDesk ¥ O VEOS
dSPACE TiZ FMI2.0/3.0 (Z#EL L 7= FMU 4j%>Y—/L & LT SystemDesk, FMI2.0/3.0 (Z#EHLL 7=
FMU %# PC T2 =2 b—3 3¢5 Y —/L & LT Virtual Ecu Offline Simulator (VEOS) # 1 Z1

#F 151BLU0FE 15204 THEL TWET,

# 1.5-1 SystemDesk A v % 7 = — X{5E

SystemDesk ® FMI {ERkHEE

FMI n~"—> =3 > 2.0, 3.0

T Co-Simulation
oS Windows, Linux
FITT7A4 R ANEL

3% 1.5-2 VEOS A v # 7 = — AHRE

VEOS @ FMI HiiAM%EE

FMI "—> 3 v 2.0, 3.0

TE= Co-Simulation
0S Windows, Linux
B (S TR R A7

FMI ([C#L L7~ FMU #>2a2b—32 3297540 dSPACE OV 7 b7 =27V —1LF A %X
1.4.2-1 127 L ¥ 9, SystemDesk 754 X172 FMI ##Lo> FMU % VEOS I X VW EJL R/ 2 Lb—
varEFITLET,

a p ) el FMI 2.0/3.0 y21L—33>5 e
© el Export
|— fmu L 0

: = rcronn. Y IMPort . sl MotionDesk
Oz 1) ControlDesk S
VEOS

Import* SystemDesk *Import i AutomationDesk
9‘0)!:;1“ FIEA

SIC A

Import

Legacy Code

Targetlink

X 1.42-1dSPACED Y 7 by =TV —F = v

1.5.1. SystemDesk [Z& % FMU 4R

SystemDesk Ti% FMI2.0/3.0 (Z¥#EHL L 7= FMU 24T 52 N TEET,

SystemDesk (% 2 DO BHZ K>V —/LTF, 1-2/Z AUTOSAR #E#ld Y 7 b = TRy —/L & L
T, Classic 3\ T Adaptive AUTOSAR IZHEHL L 72V 7 b7 =7 a > R—F > hOEEFHEITO Z EMNT
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XFET, TORHMEREE N L, TV A= a AT 52 L TAUTOSAR #EHLO Y 7 w7 = 7 B
RKEERLET, 2o0BOEMIZ, >Ia2b—2aHOBSWEARKL, 77V 54— a7 Mo
T LA DESZ LT, AUTOSAR ICHHLT Y 7 v =T L LTT F U r—a RN ED L H iz

gL 22 B,

BTDHZENTEET, ZOFE, SystemDesk |L PC EOEIERGFELY FEHTH DT A K

KR AT LE LT, N—=F ¥/ ECUV-ECU) L Wb d a7 77 A VEERLET, VECU I
FMI BURICHERLL 7B ACTH AT 2 2 &8 b TE £,
Z 2T, FMIBUEICHEHLL 72 V-ECU % TV-ECU FMUJ & E&RL £,

LUFDOFNEIZ XL Y SystemDesk 725 FMI ##Llo> V-ECU FMU 4R L £,
Z 2Tk, FMIB.0 2 & L CFIHZ R L £9°,

<HifR&f>

TV = a7 hy=7 & LT, TargetLink iV % LegacyCode 7 H WM E2 7 7 4 V%

SystemDesk ~HUGA A,
<FE>

- ECU Configuration Manager ¢ ECU Instance Z &4 L, FMU HIZ## ECU Configuration %
TERR L E7, NABEOFEE, ZOFIEIZ LV #EY)7: ECU Configuration % 3R L, £ % 72 BSW &
Va—VEK 1.51-1 DX AR LET,
Z 2T, FMI2.0/3.0 D3&IREDR 5 5%, FMU 24N T 255138 IRT 2 0E R H VY 77,

@ Project Man... F 3

& ECU Configuration Mana... * %

4 @ System_Controller
& Controller

- & ECU Confi.. |55 # Mes:

@] Project Man... fid F
& ECU Configuration Mana... # »

@ System_Contr...» & Controller v

4 g EcuConfig_Controller /4

v & EcuFlatView

& oEn

BSW Descriptions Seve

& Dap
-y

v @ Eam
v @ loHwAb
» & MemMap
v @ os

o
r & Ree

& sab

=

- & ECU Confi.. [ # Mess

&3 New ECU Configuration
Options
Create empty ECU configuration
®) Create predefined ECU configuration

Configuration: | Default Single ECU Confi

Description: | Default Single ECU Con
Default ECU Config h CAN Network
Default ECU Ce h CAN and LIN Network
Default ECU Ce th CAN and FlexRay Network
Default EB t ration
Default Cl -Adaptive-Platform ECU Configuration
Default €I Jatform ECU Configuration with NvM/Persistency
Heip Default ECU C V-ECU FMUs (FMI 2.0)
| Default ECUC V-ECU FMUSs with Any Network (FMI 2.0)

Default ECU Config:

n for V-ECU FMUS with CAN Driver (FM1 2.0)

Default ECU Config n for V-ECU FMUs (FMI 3.0)

Default ECU Config ion for V-ECU FMUs with Any Network (FMI 3.0)
Default ECU Configuration for V-ECU FMUs with CAN Driver (FMI 3.0)

X 1.5.1-1 V-ECU O

< #1# ECU Configuration (Z%} L . Edit Runnable Mapping 33 & 0" Generate Mappings % [X| 1.5.1-2

DEIITFATLET,

ECU Configuration DN MLERERE & 720 £,
TV = aryDET T TN 0S OEMI X A 7 ICBEA T HIvE T,
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L T

X 1.5.1-2 ECU Configuration

+ Edit RTE Interventions, Enable Intervention Services, Create RTE Intervention Points
M 1513 DX IITENENFITLET,
RTE £/ > X —_ovaid, v2ab—valOFTHCY 7 b7 aryi—3xr NO@EEICT
JEALTEEET27OIZ, 580 RTE 22— RITBEMNT 2RETT,
Bl Y7 by =7 arR—x bOTANATIGERE, AT 4 12T AMEEDANR
TT—HEREIT) ZENTEET,

& s z B 2 ¢
g ek - 2 % & B ¥ =
L : :
L ' Q
S [ x -
= = ; —)
® sysen.conrs @ oo [V it
Iu”-.‘
@ o . =) 2 < ®
&
P M <
& - B - -
@o
@ne
@ s b
L
e P—
(———

X 1.5.1-3RTE OFHE

- Create RTE Intervention Points @ 7' /L4 7 /5 ---and Services (Data Access Point) % [¥|
1.5.1-4 DX HITFATLET,

LD UF 5524 LET, VEOSG Izl —iar7Iy 74 —2o)~EL KL, i
DAVTF Ty AN EEEERERT 5RO UF L2 £,
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&8 Select Elements for RTE intervention Points o X v X
¥ b Unmapped intervention Points AllIntervention Services _ Unused Intervention Services
: : A3 Interventon Pos
ot AN Blements + i Controlier i Drag a cohumn header here 10 group by that col Q
* 4 4 v & outy_cyde : if_duty_cycle SWC Namse - & — Q Name Input nam
it 4V ® signal 4=
: : . o % Ree_Write_Controller Runnable._Task_duty_cycle_signal — L 5
¢ ¢ SV @IAA
@ Composfior v -
e s g »| 4 SWC Name: Controller T
» G Swes /% Ree.IRead_Controler_Runnabie._Task (A signal 4 Tlement Name: Port: duty cycie
* G Systen 4 @ mode: itmode Wite Controfer Ru... | Wrte
4 & signal ‘ 4 Element Name: Poct | A L
/5 Rie.Wiite_Controfier Runnable_Task 20ms._mode.signsi e OT Oy e
4 & positon_rot : _positionfot G
4w goal ! -
/e Rie.IResd_Controlier_Runnabe_Task 20ms_positon.fot5. o 2t E W s S o R °
- e kSwHPY KkOyT
< B ot te IRead Controtler Ru_. _Read
7 % Rie.IRead_Controller_Runnabie_Tosk ref_signal « Elamant Mo Bt sot oy " ”
T 4/ 6 speed 1pm  speed.1pm
Fiters for all vali elerents 4 sgeat
for ntervention ponts. /e Rte 1Resd Controlier Runnabe Task 10ms speed rom 5.,
Help ok | Cancel
+ Auto Confi dG ZFITLE
uto Configure and (Generate 17T °
i i e AN BSW @ C =2— F2[X 1.5.1-56 DX I IZAEMKINE
ECU Configuration CTE I NTZHRFICHEN, D 3 515 DX oIz
a o
afigur figuation V-ECU Master File
(9] =
[ i
|+ @ ce |
‘e
‘e Sample Time
[+ &
- X
Y 7
- X
™
Vs
* @ sy
| skt 2
| o
| ask10 v ~
< >
o
|«d et
: 3 Qoo pwamings b 53 Messages
Ve Sewrity | Module
'@ Vo fyseman Port instance RootSofwaret
r@ Vinfo fystemana.. 10 firished.
» @ e Con.. 142102205 : o-tsk may
@ Dinfo SytemCon. 142102646 12 evests were mapped to ta
'@ n ifo SystemCon. 142102661 Calculated task prionies Tos|
™ Yinfo SymemCon. M2102727 Generatiog event-10-task ma|
" @ s Do Bmflugin. 142150831 Caling plug-n Uncite Rie G
X W a—FK
1.5.1-5 BSW @ C R
N — > - ,
. - -
V-ECU Manager 7*5 FMU =2 > 7% 1.5.1-6 D L 5 IT/ER L £ 7,
\% YTF T AMIRER Ca— R, a2l 77 A NI AR LIS L £
- J
ECU =~ 7 A I = . a 7 A e e ,\ o
2 @ado- © 4w Generz £ Create V-ECU =} X g gado- ® v Genera
“ Home  System  ECU Configuration ~ Machine G Create V-ECU Home  System  ECU Configuration  Machine Cc
Creates an empty classic or adaptive V-ECU, a predefined classic V-ECU, or a V-ECU based on an AUTOSAR model. N
= o B = =
New Empty dassic V-ECU New Synchronize Export Module Validate Enable Auto Conf
Con s and Generate
Empty adaptive V-ECU V-ECU
SV Predefined classic V-ECU @V M Rx
38 Controtler v ‘Sl Tasks
Task Name 4 &8 Controller Task Name
B Task0_1024mict v E AL » |8 Tasko_1024mict
@ Task1_100micre ‘ ‘ * 33 Controller ask1_100micre
B Task? 200mic * @i Dap T ]
@ Task2_200micrc £01) baiad on ATOSAR modet @1 Do ask2_200micrc
@ Task3_500micre * 8 EauM Task3_500micrc
Taskd_1ms ¥ * @ FmiAd
- » &1 MemM
2ms 4 @ Generated_Project &8 MemMap
B Taskb_Sms 4 [ Systems @ os
B Task7_10ms + [ Generated * @i Platform Task?_10ms
© Task8 20ms 4 @ System_Controller * B Rue 3 Task8_20ms
q “ 4 Sab
B Task9. | & Controlier = Task9_50ms
T . » @ StantEcuSwe
B Task10 100ms B Task10 100ms
S @ v-ecum | S v-ecum
| 3
2 x Help & 8 x

A By

X 1.5.1-6 FMU = > 7 FERR

T AEEHIE S 7 AEMERS FMIVEM - REAMRET WG
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s RBIC, B L7 FMU 2255 % 1.5.1-7 ® L 912 Export LE3, (VVECU FMU D4 5%)
Windows/Linux. GCC/MSVC. 32bit/64bit 72 &, VVECUFMU Z#H W\ Ty I 2L —3 3 %179
7Ty N7 —LDBREAZENLFET,

a @l CRORY Genera & FMU Export o x

Target file

Win64, MSVC (x86_64)

| & MU Export o x|

Target file: — = U¥VEculmplementations¥Controllecfmu ||| ‘

ui cs
v & FiAd

Export
v B Memp = | Target platform: | Linux64, GCC (x86_64)
-

» A Platfa B Export Module Contracts. Compiler name:

P BIRte X Delete Shift+Del
* [ sab
v Bl st MEU Validate F7 |
® oo [ [ hew oo ] e |
wl Edit Preprocessor Definition
a Properties. Alt+Enter

X 1.5.1-7 V-ECU FMU 4E%

152. VEOSIZ&BFMUYIalL—vay

FMI2.0/3.0 ([Z#E#L L 7= FMU [ VEOS TY R a2 L—ya v aFTT5 2 LN TEET,

VEOS IZ PC R—AD v a2l —valr7 Iy N7+ —AThHY, EEOEMm R EN20BRO
DEPFEHZHBNT S, FHET LN BAERK LTzN—F v /L ECU(V-ECU), *» hU—7 2GR AV AT
AL BIOHEBEETVICEDLE T, ZEEERET VALV I 2L — T DI ENTEET,

LFOFIEIZELY, VEOS TFMU Z#E/LRL, ¥ Ia2b—va 23 f7LET,

<mifesf>

SystemDesk 72 & DALY — /L& W T FMI ##Loo FMU AR ST b,

<FE>
« Import 7°%5, VEOS ~324:4 2% FMU %X 1.5.2-1 DX HIT&ER L £7,

I Home Simulation View
¢ =1 » .
A >
wl L w &

New Open Import Export Autoconnect Add New Communication
v v b v Cluster~ Cq

## Port Topology X BNU-\UW Topology X a Model Communication

*¥ Select File for Import

« v 4 > PC > O-AL 74A7 (D) > work 2023 > FMI30 >

BE~ FLLWIANT -
= EoFv 4

Login dsFMUEcu.fmu

X 1.5.2-1 FMU OER

*VEOS CENL KT AHa XA F%K 1.522D L HITERLET,
BN D330 T, FMU ARRBFICHERA L7200 LRI DOZER L T ZE W,
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(FMUND T A 77 VAERRIZHER Sz a 34 )

]
File path: | D:¥work_2023¥FMI30¥work¥dsSysD_onVEOS¥SysD¥LCI_Emv¥VEculmplementations¥dsFMU -
Build Options Code Files Application Options
Simulation target: -
|
C Compiler options: %/ Simulation Target Manager - m
| T: Py
C+ s Compiler ophons: ST ks
Enable debx 7 Name Default Name:
naple gebug: o e
HostPC32/GCC HostPCE4/GCC
Show linker warnings: HoStPC32/MSVC . Microcontroller: Target board
wB6_64 HostPCH4
Build directony: D HostPCa4/GCC
Compiler:
HostPCe4/M
0stPCE4/MSVC 6eC
HostPCLinux32/GCC
Help e Cormpiler installation path:
HostPCLinux64/GCC C:¥Program Files¥Common Files¥dSPACE¥GCCYS.2

X 1.5.2-2 a2 AT DEFER

cBuild #E174 5 &, ¥ 1.5.2-3 DX 912 FMU 78 VEOS Tt/L K&, Build Fflc— T —23 %4 L
27X, VEOS i FMU SV IAENT-Z ENRFRRSINE T,

# pont % | B Network Topology X | @ Mk

= x| | 5 Properties
.

# EcuConfiguration_ dsFMUEcy 3 EcuConfiguration_dsFMUEcu

¥ Buidiog

FINISHED PARALLEL COMPILATION
LINKING PROGRAN .
LINKING FINISHED

MAKE PROCESS SUCCEEDED

BUILD OF SIMJLATION SYSTEM FINISHED WITH STATE VALID

QO0mors 4 3wamings )35 Messages

e.. 112022197  Extending TRC file.

e.. 112022218 Creating TR file with addresses.
12022752
e.. 112023550 Var

112023595 Cor data with the data from the buid
& pessages i 12023612 m the following source cortainer model: EcuConfiguration, dsFMUECU
@O0Erors g, 3Wamings 1, 40 Messages Dinto  Sysiembul 112024164 Performing va

system Application.001

0228 001 Buldiog.

= | Dio  SysemBul. 11202422 Cor
v o
e 112022157 Extending TRC| info Playerhppl.. 112025252 Writing the bulld output
2022218 Creating TRC
Linfo  VarisbleDe.. 112022752 Creating TRZ fif
Yo VoriabieDe.. 112023550 Vaniable descrg

X 1.5.2-3 FMU O eV K

sStart R¥ &2 Lk, K 1.524DKH5ZVEOS VI v b 74 —AL ETyIalb—vay
NEITINET,

ControlDesk Z DI Y —/12 VEOS % Platform & L CEBET A2 & T, VEOS ETHEI{ET A
FMU OF@h 28T 52 &N TEET,

Home Simulation View

“ @ » L—.é Break time: Infinity ~ Real-time acceleration factor: 1
Single step time: 0
Select Unload] Start Step
. Stop time: Infinity -
ion
$# Port Topolog

gy X | 8 Network Topology % | @ Model Communication X

a4+ = -

» [d EcuConfiguration_dsFMUEcu b [ EcuConfiguration_dsFMUEcu

X 1524 VIal—YarAZ—}

153. VEOSIZ& B FMIB.0 ZERAL-YSal—Y 3y

FMI3.0 (ZH#EHLL 72 FMU % VEOS ~%E2 L, ¥ a2 b—1a V2 FETTL56. LT X 5 70388,

KOV I al—ar2FEBT AL TFMIS.0 OHAEZ I RICIERTAZ N TXF 1,

&2 wiiis ABEEEEFAMMERS FMIEA - BERA WG 33
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1) BRI EL T — 2 B

FMI2.0 Tix, 7—

i 2
& DT

A 1 Real,
ATIX., VEOS ~32%E U 7=

Integer. String,

Boolean @ A DX}
CERLHINEESRIN AN T~ SVEE I E T,
X, 5 EHREEZROESIN UF Th D6, VEOS BV R#IL 5 DOERIZ ﬁj\ﬁ =i, X 1.5.3-1D

SNET, ZO5E UF 28T 2 BRITI30 M S A5 550720 Bt

HomAEHEH 27—

DWENH Y E£T,

x | B® Netwo

&7 Pon Toy

rk Topology x ¢ Mod
8+ - -
|4 [ EcuConfiguration_dsFMUEcu
4 ¥ Pp_dsFMUEcu_FMU_Output OutputService_output(0]
#» Pp_dsFMUEcu_FMU_Output_OutputService_output(0]
« [ Pp_dsFMUEcu_FMU_Output_ OutputService_output{1]
# Pp_dsFMUEcu_FMU_Output OutputService_output{1]

el Communication X

4 [ EcuConfiguration_dsFMUEcu
# | | Rp_dsFMUEcu_FMU_Input_InputService_input(0]
#1 Rp_dsFMUECu_FMU_Input_InputService_input(0)
4 ) Rp_asFMUEcu_FMU_Input_InputService_input(1
#] Rp_dsFMUEcu_FMU_input_InputService_input{1]

= % | 3 Properties
A+ - ® -

4 General

4 Simulation Time Options

# (¥ Pp_dsFMUEcu_FMU_Output_ OutputSenvice_outputi2] # ) Rp_dsFMUEcu_FMU_input_InputService_input]2] Cosimulation 0
#) Pp_dsFMUEcu_FMU_Output_OutpuiService_output(2] #1 Rp_dsFMUEcu_FMU._Input_InputService_input(2)
# [ Pp_dsFMUEcu_FMU_Output_OutputService_output(3] 4 ] Rp_dsFMUEcu_FMU_Input_InputSenvice_inpui(3] Timer drift o
% Pp_dsFMUEcu_FMU_Output OutputSenvice_outputi3] #1 Rp_dsFMUECu_FMU_Input_InputService_input(3 Timer offset [
# (4] Pp_dsFMUEcu_FMU_Output_OutputService_output]4] # ) Rp_dsFMUEcu_FMU_Input_InputService. input[4] 4 Container Info
) Pp_dsFMUEcu_FMU_Output OutputService_outputi4] #1 Rp_dsFMUECu_FMU_Input_InputService_input(4)]
Format version 20

Wa7=, VEOS B/ R#IEX 1.5.3-2 D L 5 |23

X 1.5.3-1 FMI2.0 ##L FMU o323
— 5T, [FEED IF #pkZ2Hi->n Yy 7 %2 FMIS.0 #E#LD FMU & U CERE L7284, BEANTHIGE LT

SNET,

#¥ Port Topology % | 8® Netwo
a4+ - ®-
4 [J EcuConfiguration_dsFMUEcu
4 (¥ Pp_dsFMUECu_FMU_Output_OutputService_output
#) Pp_dsFMUEcu_FMU_Output_OutputService_output

rk Topology % | i Model Communication X

4 [ EcuConfiguration_dsFMUEcu

4 ] Rp_dsFMUEcu_FMU_Input_InputService_input
1 Rp_dsFMUEcu_FMU_input_InputService_input

- |% | & Properies
a o+ - ®-

4 General

4 Simulation Time Options

Cosimulation 0

Timer drift ]

Timer offset [
4 Container Info

Format version 3.0

X 1.5.3-2 FMUS3.0 ##L FMU 323

2) Binary I/F & Clock O F
FMI3.0 (%, #HIZ Binary 7—% & Clock 5 %2 ¥R — s L TWET A,
—HENANF TRV §OMAMAZHEST D LN TEET,
FAED—F %X 1.5.3-31ZxLET, 2 50 FMU % CAN NN ATHift L. Binary 7 — & %1%
Clock 5T hYU B EMNTHIEERLTVET,

InbEEML, BovT

AN

V-ECU FMU

Bus Terminal

V-ECU FMU

I Simulator or Bus Simulation FMU l

Bus Terminal

X 1.5.3-3 FMI3.0 ® Binary % O* Clock {§ 5D 3%

& pwiisiis

B EhELflfE & ' T AR L RS
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3) Binary I/F & OSI ##fi L7zt Ial—ra v
FMI3.0 TiL. #1213 ASAM EZ#H k% Open Simulation Interface (OSD® X 9 72, FMU @ Binary I/F
L, X 1534 DX IEFEEZETD I ENTEET,

Automotive Simulation Object-based Sensor

Model

Models
p‘ w2
OSI3:SensorView
VariableSize VariableSize fmi3Binary fmi3Binary
Array Array -: .
SIC mi 3.0
J ——

OSI3:=SensorData

X 1.5.3-4 ASAM OSI % L 7z Binary I/F O#:f¢

FMI3.0 ® Binary I/F 2[4 % &, #il21F dSPACE ASM Traffic ® X 9 72 {8 & B4 5 5 7
47T VA EEDIET VD, SensorView [ E o —FT /L~ OSI ZHWTHGE, ZIEL
FMIB.0 Z#fEH L7cE v —ET ARBRHFERE 7 4 — RN 755 L) el D AT A EEH T 5 2
ENTEET, OSIZHVWE N T 7 4 v 7 v alb—varOfREK 1.5.35 1R LET,

X 153508l W~ o7 4w Ialb—g URER
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1.6. ESI SimulationX
SimulationX (%, ESI ® Modelica Eft & il L7-v I a2 —va Y — T3, V—LTHETT,
AENE, N—=T a2 4.2 TORNTE, A= a VBT HHEICONT, £ 1.61IRLET,
728, SimulationX N— 3 4.4 URRIITA B AEERNPEEI N THET, I T 1 o 24
iz BVEDE < IZE 0,

# 1.6-1 SimulationX FMI A % 7 = — A¥EE—&

FMI fERA&RE

FMI R"— 3>

1.0, 2.0

FE Model Exchange. Co-Simulation
0S Windows 64, 32
TA4 A FMU {ERHF

F 7 a Ak A [Code Export for FMI] 28

B L7 FMU O EITHE © REL

FMI FiiARKRE

FMI N— =~

1.0, 2.0

B Model Exchange, Co-Simulation
0S Windows 64
FAEBSA FMU FiiARE « REE

FEdrA AT FMU O FELTHE - VERAN K AF

1.6.1. FMU DR
FMU OERFEZOWT IR LET, £9. 4737148 A [Code Export for FMI| %4
Mz LET, £ LT, A==2—SIMULATION>Export > Code Export Wizard % 2R L ¥ 9,

1.6.1-1 Code Export Wizard ~7 7 & &

HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG 36
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Code Export Wizard > Project (2T, "FMI for Model Exchange" % 72 13"FMI for Co-simulation"%
FR L £9, KIZ Project Name & Project Path ({1757 /v %) Z4EELET,

X 1.6.1-2 Code Export Wizard @ Project

i HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG 317
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FMI-Configuration {2 C, FMU 7' & v 7 OERE « /X— 3 >« B - RS OREEZITWVET,
Platform Support TIIfERk L7z .fmu 7 7 4 /v ® DLL 2fH 32>V — 1@ bit B A FEE L £7,

£ Code Export Wizard - J1_SimulationX_CS — ] b4

FMI-Configuration P

Authar: Description:

o] 1.cs2

Wergion:

Options: Platform Support:

FMI-Cenfiguration

Inputs

Outputs Expose internal variables [Jwin3z Platform (x86)

Parameters [l Win64 Piatform (x54)

D Include source code in FMU

Mode| Image (PHG)

| | | Browse . |

Dacumentation (HTML):
| | | Browse .. |

X 1.6.1-3 Code Export Wizard ® FMI-Configuration

Inputs (2T, FMU 72 v ZIZANTHHR—FERRLET, ROKR— 22X T L7 U v 7L<
I Drag & Drop T"Selection"WIZiEM L CTWE £9, N TX 54— M Signal Input O T,

L7 Code Export Wizard - 11_SimulationX_CS — m] x
Inputs
Select the inputs for generated model by using double click or drag&drop. /“:’
ka

Elements: v - Selection BE S | x | T

B @ stepSignal (Pulse Generator) [Input | Elernent
- % (Signal Input) w [Sigral Input] stepSignal
=33 ee tauFromsSD (External Torque) inl [Signal Input) tauFromS0

[ in 1 (Signal Input)

Post-processing

X 1.6.1-4 Code Export Wizard @ Inputs
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Outputs (2T, FMU 7 v 7 b NT BB ERIR L E3, MBOEKEZTLV7 ) v 7L<
% Drag & Drop T"Selection"PI(ZiBMN L £,

£3 Code Export Wizard - 11_SimulationX_CS

- O x
Outputs
Select the outputs for generated model by using double click or drag8tdrop.

Elements:

Selection: Eg .Eg ot | x | L\
& - inertial (Inertia) Output | Element
= B source1 (External Torque) Ti[Internal Torque) zource]
- [ Ti (Internal Torque) dphi [Angular Difference) sourcel
~ [#] dphi (Angular Difference) Ti (Irtemal Torgue) tauFroms D
dom (Speed Difference) i cel
Pe (External Power)
"k connection1 (Mechanical Connection {rotz
&} stepSignal (Pulse Generator)
& connection2 (Signal Connection)
= B4 tauFromsD (External Torque)
[ [&] T (Internal Torque)
- dphi (Angular Difference)
dom (Speed Difference)
Pe (External Power)

[k ][ mee | ]

Fnish | Cancel |

Help

X| 1.6.1-5 Code Export Wizard @ Outputs

Parameters (2C, FMU 70 v 7 ONRT A —Z Z@RIRNLET, HROANNEZEZXTNLVI ) v 7%
L < 1% Drag & Drop T"Selection"PIZiBM L £,

L3 Code Export Wizard - 11_SimulationX_CS

- [m] *
Parameters ﬁ
Select the parameters for generated model by using double click or drag8idrop. /“{’

Elements: - Selection: BEEE | x | +
ertia) Parameter | Element
G source1 (External Torque) J [Moment of Inertia] inertial
- " connection1 (Mechanical Connection (rotz H [Height) stepSignal
Inputs - {#} stepSignal (Pulse Generator) 0
_ - "} connection2 (Signal Connection)
Outputs

- G tauFromsD (External Torque)

Code Generation

Post-proc

X 1.6.1-6 Code Export Wizard ?® Parameters

i HEESr S BEERIEE 7 AV EMERES FMITEA - REAKE WG 39
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Code Generation (ZB5 L ETNVD Y — T 7 A VNERRSIVET, LK TT 5 &, Project
Path THE L7 4V XY — AT 7 A VEREONET,

£5 Code Export Wizsrd - 1_SimulstisnX (5 - o x

Code Generation r\

Output
FMU_I1_Case_SimulationX_CS_2 - 0 Error(s), 0 Warning(s), 0 Information

X 1.6.1-7 Code Export Wizard ® Code Generation

Post-processing (2 Ca L /XA L EITWET, o3, THEBIR L7214, Build R¥ 24 L ar
PRANDBRBENE T, RAFET7 4V X1 FMU 2PMER S TWET,

£5 Code Export Wizard - J1_SimulationX_CS - O X
Post-processing ’\
7y

Compiler:
Eroject |GNU C/C+-+ Compiler (tam64-1)5.1.0 ~| | Advanced << Buid
SRR Additional Libraries:

| ] Browse..

Additional Library Paths:

| | Browge.. B4 compile with Optimization
Additional Compiler Options:

¥og_PMU_TT_Casel_SimulationX_C5_Z_decl.c
Acg_FMU_)_Casel_SimulationX_CS_2_initjac.c
Xcg_FMU_J1_Casel_SimulationX_CS_2_jacc

build FMU_J1_Case1_SimulationX_C5_2.dil L= i |

clean intermediate binaries [Z] FMU_11_Case1_SimulationX_CS_2.dIl

FMU_J1_Case_SimulationX_CS_2.dil (winé4) - 0 Error(s), 0 Warningis) ! [] EMU_J1_Casei_SimulationX_CS_2.dsp
[] EMU_J1_Casei_SimulationX_CS_2.dsw

| Back | Next | ] EMU J1 Cazel SimulationX €S 2umak

X 1.6.1-8 Code Export Wizard ® Post-processing

&P wwiiis HBEHELE TS ENERS FMIEN - EERA WG 10
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1.6.2. FMU®DA viR— bk
FEYERERE L L TA AN — MERA TR SN TRY , A7 v a v 74 ARETHATE £7, £
9. MODELING > Add FMU Block... Zi#R L £7,

X 1.6.2-1 fmu 1 >R — MEgE~T 7 & X

Iz, WYIABZLTI) fmu 7 7 AV EHRELET,

F& TM_CNT.fmu 2018/03/30 1213 Functional Mocku... 82KB

T7A &N} | ALT_CNT.fmu v‘ Functional Mockup Unit (*.fmu ~

K 1.6.2-2 WY IAZEIT D fmu 7 7 A LV DIRE

77 A NVARERIZ, BRVIARBEO AT v a VE2RIRL $7,

Functional Mockup Unit Import X

Settings

Implementation:

FMI for Co-Simutation

Expose internal variables
Ignore multidimensional parameters

Use Modelica pins for inputs and outputs

Import multidimensional variables as scalars

Info

Open element type in TypeDesigner

v Insert element as component in model

=

X 1.6.2-3 Functional Mockup Unit Import @ Settings

FTvarDF v 7B LIZOWTUFIZHHALET,
[Use Modelica Pins for Inputs and Outputs] :
F = v 7 % L Tl% SimulationX ® Signal "— r & L £,
Fx v 7 95L, Modelica ® Block " — F & L £,
'Open Element Type in TypeDesigner] :
TypeDesigner Z B &, R— MAXNRNT A —FH{EORELITVET,
Insert Element as Component in Model ] :
Model View EIZHUVIAATZ FMU =L A2 F & HEICRE L £,
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A U AR— MEEZ FMU ORZTHROVIERLET, A R—FL7eT7 vy 7 OR— MEZ/#ERLET,

MHRES- & Maodel - Simulationi 4.2 Professiona 1 Edition o x
MEIE s:er | MODEUNG | SMULTION  POSTPROCESSING  VIEW  SCRIPTING [Ty Q) P
EE I 5t 5 Pins == s | .
] ] - ] | ol Picture &, Zoom v
= = 5 Elements gE o g
Gra  Align . Hew -, ElTetBos [ ]showan | =
ToGnd 5 Connections | o New Type - State | 05
Grid Labels Create Type State Machine Insert Havigation Tools Arrange
Libraries » 0 x [TModeit* x ]
Maodell »
fr-la- - s g5y | Mo i
ALT_CNT1 b
v [ SmulstionX 42 g
> B Modell : *
-
" =
=]
]
-
&
!.
H

X 1.6.2-4 &5 N

1.6.3. FMU OZE1T
SIMULATION >Properties (ZC, ¥ alb—va  rOFRMHREEZ LET,

3 SIMULATION POST PROCESSING VIEW SCRIPTING

Transient - é("ut' Start: ] 5 -

Properties | Stop: 1204 5 -

:_E Equilibrium

Fixed Step Solver (compil -~

F‘EI: Record

Simulation Simulation Time

X 1.6.3-1 Properties ~D 7T 7 & &

W]

AEIOHEFTIE, RET LT, LT T,

Start Time : 0 [s]
Stop Time : 1204 [s]
Solver, Step Sizes and Tolerances : Fixed step Solver ([EHEAZ7 > )

Integration method : Euler Forward (ODE1 #H34)

Min. Calculation Step Size : 0.0025 [s]
Min. Output Step Size :0.01[s] « « - IR OY T IVER 2 O TILE

i HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG
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Co-Simulation TiZ FMU (2 AE 5% = 1 He 5 FEfEERE (Communication Step Size) DX E D
METT, ETNEX TN Y v LT Properties> Master Algorithm (27 7 A L9, AEIIETE
7 )L ® Communication Step % 0.0025 [slZi% & L £,

Lewc_cmn {8 Properties - eNG_CNT1 X
FMI Settings = Master Algorithm = Parameters Results General 4 b
—
—
Vv General Parameters
» =
Master Algorithm MasterAlgorithm: Explicit -
ICommunication Step Size hC: 2.S| ms - v

X| 1.6.3-2 Properties > Master Algorithm> Communication Step Size

HAORERE I 2 b—a VBT 2 72O ENLETT, ETALEXTNVI ) v 7 LT
Properties> Results |27 7 B A LET, BHEZAENCT H7-DIETF =7 2 AIVET,

{83 Properties - pWT_PNT1 X

FMI Settings Master Algorithm  Parameters Results General 4 b

W General Results

Signal Output ‘n_TM_PNT_rpm':

Signal Output ‘n_eng_rpm’: |1 |-

Signal Output “trq DF_PNT_Nm: |5] |

Signal Output “tScope_Fuel’: E L

Signal Output ‘tScope_Fuelraio: |5 |-

Signal Output “tScope_CVTLoss”: 5] |

Signal Output ‘tScope._trq_Flywheel2': <] |. v
Signal Output ‘w_ENG_PNT _radps: (<] |-

X| 1.6.3-3 Properties > Results

SIMULATION >Start Simulation |[CT, ¥ Ia2b—ya VEETLET,

E E FZ (‘) y {«Z} v met_fmi - SimulationX 4.2 Professional Edition
START  MODELING | SIMULATION | POSTPROCESSING  VIEW  SCRIPTING
u 5 Transient - éou‘ o)
> B[ Equilibrium
Start " . . Properties = Simulation
Simulation th Record Fixed Step Solver (compil N Time >

Simulation

X 1.6.3-4 Start Simulation

HAR—=F LI FMU 242 U v 7 FR LTz Results (I THARREFRLET,

eNG_CNT1

Find References

Results 4

Wl
i@ii

All Protocols (Selection) on

X 1.6.3-5 H AR
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1.7 Gamma Technologies GT-SUITE

GT-SUITE %, X[E Gamma Technologies ft TR SN~V TFT7 4Py 7 A« AT LY I ab—
varyY—AT, aryta—X ECTHEBEZIUD T oA TERMMEZRG L, EEOERSMIC
B2 FRHR BEEFEO NV, MEARY AT LOM~x—U A MR E2BI R Z L
NTEET,

FMI S\ Cid, FMI 1.0, 2.0 iZxHi L TWET, (3.0 1Z45#FI G TETT )

F 72 GT-SUITE ~® A > 7"— MIZBI L TlX Co-Simulation & Model Exchange (2%} L TV ET,
GT-SUITE 7260 =7 24—k (FMU x%) (2B L Tld, Co-Simulation O*F& & 720 97,

171 GT-SUITE AD A v ik—

+ FMUImport D% E

> — AR SN FMU %5t aATe 72912, FMUImport 47 =7 M &L E9,

GTISE 74 77 U5 FMUImport 47 V=7 h&EINT 5 &, F)OHIZ FMU (*fmu 7 71 /L)
PIEIRTHZ L1272 F£9, 325 & Inputs/Outputs 7 # VX2, (EF4 R ENTHIAENET,

WIZ FMUImport Z/3—>Y & LTEE L £ T, A A — kL7 FMU ~M5 5 %27 121%. SensorConn
I L TEEDOE B % FMUImport ~##c L £9°, (H 5V X, Inputs 7 4 /L& 25| L T, SendSignal
MOEFEZ TR0, RLT 22 TR0 452 & bHkES,) FMU 6 DESFE2Z TS IC
I%. ActuatorConn # 4 L T FMUImport L& D/ S—Y ~Em L9, (HDHWE, Outputs 7 + /14
ZRALT, BNV MEFEEDL T L b HRET,) ALNEFITELEH S Z L3 AEETT,

Home Data Tools
Olepeeit (el " Main}l _# Inputs {from GT to FMU) ./ Outputs {from FMU to GT) / Parameters ./ Internal Variables
}E GT_Slave_Engine |
] }E GT_Slave_Engine Attribute Unit Object Value
FMU to Impart (find object in Praject Tree to edit) <GT Slave_Engine fmu>
FMI Wersion w20 -
Fril Tvpe cozimulation -
Mumber of States 0
Communication Interval = hd def l;‘
Enable FMU Messags Logeing [
Enable Signal Feedthrough |:|
4 1 | »
[ QF ] [ Cancel ” [ Apply ]|
Object Family o Mainl " Inputs {from GT to FMU) IJ Outputs {from FMU to GT} +# Parameters ./ Internal Variables Plats
}E GT_Slave_Engine
L GT sl - g Signal Description Signal Mame in FMU |Wireless Signal or BLT] 'SendSignal’ Thitial lhput | Duration at ]
}E =lave Engne I;‘ fittrib.. MNamed-Signal Name “Yalue Initial Input
= -
1 Ergine Speed Eng_Speed I8N [aan 1801 [ans ign|;| [
P Throttle Angle Throttle_fng ien ... ien|... l..] L...]
3 Waste Gate Diameter WiE_Dia BN |aae 1B |1 e leeal
4 Fuel Ratio Fuel_Ratio ign|... ign|... ...| ...]
5 s o)
B [ e
g )| p—
l 1 | » 3

|[ 0] ]l ’ ."Oancel ” ’ Apply ]| 44




FMI{&HATA

K (fréx%) ver2.0.2

Home | Data Tools
Oblect Family +" Main o/ Inputs (from GT to FMU) I\/ Outputs (from FMU to Gﬂl +~ Parameters ./ Internal Variahles Plots
3{- GT_Slave_Engine
. : p Signal Description Signal Name in FMU Signal Name (Transmitted Initial Qutput Durz
}E FIEEIE T l;l Attrib.. Wireless ly) Walue {t
B
1 Engine Speed - Raw EneSpeed Faw ign|...| [hitEneSpd]|...|
2 Engine Speed - Averaged EneSpeed_fve ien|...| [hitEneSpd]|...|
3 Engine Torque Eng_Torque [ 50 |...|
4 Intake Manifold Pressure Prezz_IM 180 [aae 1ans
5 Compreszor Prezsure - Averaged CompPress_fve [C 1]aas
i
7
] 1 | 3
[ QF ] [ Cancel ]| [ Apply ]‘

|21 Edit Links *
Link ID for part [ENGINESignals:ENGINESignals-1] Link ID for part [GT_Slave_Engine-1:GT_Slave_ Engine-1-1]
Filter: |#a Filier ™ Filter: Mo Filter v
Main Main
D | Qutput Name Unit Required? Ugzed jin] Thput Mame Unit Required? Used
1 Engine Speed ¥4 K 1 Engine Speed v o
2 Throttle Anele v 2 Thrattle: Angle v
3 ‘Waste Gate Diameter 4 3 Waste Gate Diameter v
4 Fuel Ratio v ! Fuel Ratio v
QK | GCancel Add and Continue
’,
/
/
/
/
/
K
/
/
J/
/
Main ENGINE_FMU 12 TRANSMISSION WEHICLE DRIVER ECU TCU Mode|_Description
/
I'l
J/
/
/ =2
— // =
sanmmmnd —~
N -
1 = H -
3 gl
% 2 ¢t = T + Flywhee + : @
H - A e S Damper
ENGI = H \Torgue Flywheg|-1 __ Flywhegl-2 ToPart_9
Slgnals;l . H N\ i
= H N Flywheel
—— . \ spring
—[)"" asnnnd \
\
\
\‘\
\
\
FMUImport \
\\
\
2| Qutput Signal Editor for part GT_Slave_Engine-1-1 b |l Input Signal Editor for part Torque hd
Link ID for part [GT_Slave_Engine-1:GT_Slave_Engine-1-1] Link ID for part [Torque:Torque]
Filter: [No Filter_.........i~ Filter:
Main Main
D ‘ Output Name Unit Required? | Used | | i} | Thput Mame Unit | Required? | Used
~
3 Engine Torque i P | ﬂ' o — = W I
4 Intake Manifold Pressure
5 GCompressor Pressure - Averaged |
[o]4 GCancel ‘
(o] 3 Cancel ‘

() FMUImport ~= > ¥ VA2 P 2P L, MLV 7 22 TS

A By

T BEHEGIE L =T ARMEES

=N
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n+/~—k— ==

BHRAT

GTISE 26l B I ab—ra v 2F 775 L, 5HEBBEY 7,

TE w2017 - O X
@ 0 - - - e s a o @ ®
Find [>| Preprocess
&Tem I )
plate *
*f M stop
. A% Find Value Aa Run | View
File [Ty Paste Library Map Mode = Model Setup | Optimization Results ;é Distributed Queue
I Wi Mode | Modd e | Ovrine i |
[ E ng¥Sl_dcyl_Ve FMLULgtm — [m] s
|
1z 96
ﬂ—:I Skip To Stop Pause Switch to Messaging § Teeele Manage “iew Results
Mext Case Simulation and Keep Traditicral Fent Size Messaging “Window Parspectives lzampleted
fend of cycle) (end of cycel License Messaging Celor isibility cases)
Scheme
- - - - - -
MESSAGES [y A Fry) A GALGULATION STATUS A STEADY STATE SUMMARY e
) =)

INFO Shared object versions used: ~ ariable Unit “Value Wariable Walue
Ca\ETTVW20170\GTsui te\bin\win32\gtstaredp. d11 2.0000 Case 1of 1 Flow YES
CaNOTINV2017NCTsud tevbinmywin32hgtmt. d11 2.0000 Case Setup Mumber 1 ODE N

Case Label ign
— INFO Allocating Object/Part memory... -
il SU]TEA] INFO TqConvConn_TQCC Time s a.0027
wehicl The entered torque ratio data or actual torgue converter GPU Time bemmess (1071:45.72
. | operation exceed the speed ratio of 1. Torgue 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
B--DCnm_ to ensure accurate results.
P INFO Allocating special part array memory...
- fala] Ve
B; LEGEND: 4 Cylinder SI Engine/Vehicle Example
A INFO wanl Temperature Update Interval is set to "def".
@.EV The timestep for wall temperature calculations will be 0.5 ﬂ WEHIGLE §|D £
2 (The smallest of 1% of the total simulation time, [] PROGRESS B = .| Vehid
E‘E the RLT update interval, and 0.5 sec.) Variablz Unit o
Ihstantaneous Vehicle Speed[kms/h 35584
INFOD Total Number of Parts = 110
= Fercentage of Gompleted Cases — (4
Case Number: 1o0f 1 < >
Case Setup Number: 1
(] GFU % BY CLUSTER %|D X
ODE STEADY STATE - ODE Solution Cluster: ODE Cluster 1 (Column Diase 1 (Steady-State Auto Shut-Offcn) - 5% Variahla| Type | Cluster | %0
NO Vela. dvmax (%) = 100.0000 at cmp : CAR 1 ‘ODE/"Mach |ODE Cliste |WDDDD
NO Torg. dTgmx (%) = 199.4367 at cmp : AXLE-REAR-O1
ODE STEADY STATE - ODE Solution Cluster: ODE Cluster 1 (Column
m | NO Vela. dvmax (%) = 50.0811 at cmp : CAR
- - NO Torg. dTamx (%) = 198.3032 at cmp : AXLE-REAR-0O1 hd
IhF]Llhr’arles < » =l = =

A By
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172 GT-SUITE DI Y RK— b+ (FMU &£RL)

« FMUExport D% E

Yy — N EEFDOZITELRTE T H7-012, FMUExport 4772 =7 F&HHLE7,
6 o P
© ?‘%;d g FMUExport

3. FMIvi.0

4. Inputs, Outputs and Parameters
in "Signal Name in FMU" lists. Inp
can be created in the "Link™ Map

5. In Outputs tab, "Initial O utput Va
during inttizlization or for the pref

E. Hit "Export” in FMUExport toolb:
go to "Tools -> Export Model as |
will open, and the FMU will be ex

1 Impe

1)

Export Option 7 # /L 4% @ Available Compiler TIZfEH 3T 25 22734 T Z &R L, Complier
Installation Directory TA A h—/L 7 3 VX % f5E L $£ 73, Platform Compatibility Ti%, FMU 723
RSN DBREZIEELET, 7 VARZ Tk, FMU O —¥FREIZEW T, GT-SUITE O 1 > A K
— BB T HENE I NEBRIRLET,

(ShjecHiamily + Export Options |+ Inputs (from GT to Master) . Outputs [from Master to GT) ./ Parameters Plots

B FMUERpOrt

E]{ FMUExport  [...| Attribute Object Value
FMI Version w2l -
Available Compiler M5 _Wizual Studio_2017 -
Compiler Inztallation Directory C¥Program Files (x86)¥Microsoft Visual Studio¥2ﬂl?¥00mmunity|;|
Platform Compatibility winfd -
@ | Standalone
@ | Meeds GT-SUITE Installation

C o 0 e L _ww ]
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Inputs/Outputs 7 4+ /L% Cik, ZFETFEHFEEEL £, Inputs 7 4/ F 11X, GT-SUITE 17> 5

f> — S5 %

FE L, Outputs 7 /L& TlE, Yy —h 6 GT-SUITE (I~ S 515 542 7%

iE L £ 7, Signal Description (3572 535 & T, 7 AEHR MEH IS Z L 13H Y FH AN, Signal
Name in FMU [ FMU & L COEHFH LR | Y — N 72 ETHAAENLET,

Object Family
B FMUExport

L4 FMUExport  [...]

+" Export Optioni +" Inputs (from GT to Master] l/ Outputs {from Master to GT) . Parameters Plots
Atirib Signal Description Signal Name in FMU [iWireless Signal ar RLT ‘SendSignal Ihitial Ihput Value
8k Named-Signal Name
1 Engine Speed - Raw]... EngSpeed_Ran ign|;| BN ... g ... |
2 Engine Speed - fveraged [...| EngSpeed_P.vgll‘ igng B [aee e
3 Engine Torque ... Eng_Tarque [...] 21 [aa) &N [1a L...]
1 Intake Manifold Pressure |...| Presz_IM ! I:MtakeManifold:Q... [Cig] ool
] Compressor Pressure - Aver..|..| OompPress_ﬂvgm ignll‘ B [aee gl
fi oodl oodl
“ (0] 4 ]l [ Cancel ” ’ Bpply ]|

Object Family
B8 FMUExport

B PMUENport [

+" Export Options ./ Inputs {from GT to Master}l + Outputs (from Master to GT}'I +/ Parameters Plots

Attrib Signal Description Signal Mame in FMU Sienal Name (Transmitted Thitial Qutput Duration at Ihitial Cutput
s Wire less |y Yalue (Cozimulation Only)

= -
1 Engine Spead|... Eng_Speed i ign ]| [hitEneSpd]|a.. 001 ...
2 Throttle Anele|... Throttle_fing |... 1N [aee ... 001|...
3 Wazte Gate Diameter|... WE_Dial... [CO ) 0... 00t|...
[ Fuel Ratio|... Fuel_Ratio|... [0 1ee om|...

|[ 0K ]l ’ Cancel ” [ Apply ”

> —n~MEF%EPETIZIE. SensorConn %41 L CIEE D 5% FMUExport ~E#Hi L £, (HDH W
I%. Inputs 7 # /L X %F|H L T, SendSignal b5 5% %TH~>7-0, RLT fEZ=TH-720+5Z &
HLHskET,) MY —A D OEFEZITEDIZIE, ActuatorConn %/ L C FMUExport Z{E&E D/ —
Vg LET, (DI Outputs 7+ LA ZFMA LT, HAR=YMEFEEDLZ L HHRET,) A
HIE I3 5 Z & A ATRE T,

HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG
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ﬂ Input Signal Editor for part Engine

Link ID for part [Engine:Engine]

FMUExport
Cam re;é&r

T

. Microsof
Studio 20
e i L 2. Open thd
@ Ergine |;-eed FMUEM Tl

See FMU

3. FMI1w1.0)
4. Inputs, Outputs and Parameters]
in "Signal Mame in FMU™ lists. Ing
can be created in the "Link™ Map
5. In Cutputs tab, "Initial Cutput Ve

during initizlzation or for the pref

€. Hit "Export” in FMUExport toolbd
go to "Tools -> Bxport Medel as

will open, and the FMU will be ex

&

Imp
3

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
. \
Filtar: 1
\
Main \
\
j(n] | Ihput Mame Unit Required? Uzed ! ‘\
\
\
I Encine Speed (RPM) RPM “ v T
\
2 FMEF (FMEF} bar w ‘\‘
\
3 Friction_SR. Coolant Temperature K w ‘\‘
\
4 Friction_SR Oil Temperature K ~ \
“\
\
ok Cancel “.
5
ﬂ Qutput Signal Editor for part FMUExport X
Link ID for part [FMUExport:FMUExport]
Filter:
Main
j(n] | Output Mame Unit Required? Uzed
I 1 Engine Speed ¥4 2
2 Throttle Anele
E] Waste Gate Diameter
4 Fuel Ratio v
R Sienal R
QK

A By

) >y — A n oY RS A 52 1 i S 85

GCancel ‘
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=l Edit Links X
Link ID for part [4CylinderAverager:CompressorPressure] Link ID for part [FMUExport:FMUExport]
Filter: | No Filter % Filter: Mo Filter ~
Main
D | Qutput Name Unit Required? ‘ Used D ‘ Tnput Name | Unit | Required? Used |
1 Qutput v I § Compressor Pressure - Averaged v I A
fi Signal 6
014 Gancel #dd and Gontinue ‘
ﬂ Cutput Signal Editor for part CompressorQOut *
Link ID for part [CompressorOut:CompressorOut]
Filter:
Flow  Thermal Fluid Propertiez  Gomposition  Refrigerant
D ‘ Qutput Mame Unit ‘ Fequired? ‘ Uzed |
1 Prezsure (Static) (p) bar i v I
20 Prezsure (Total) (Ptot) bar ~
3 Mazs Flow Rate (at the Boundary) ke/s W W
17 Velocity (at the Boundary) mis £
26 Mach MNumber
Ok Cancel
N
FMUExport
"E"' 5 1. Microsofi
;; .. = Studic 20
U
: 2. Dpen the
- "Compiler
g\ EngineSfeed = I'I'::1U
1 3. FMIv1.0
4. Inputs, Cutputs and Parameters
in "Signal Mame in FMU™ lists. Ing
can be crested in the "Link™ Map
5. In Outputs tab, "nitial Output VS
1 . during initialzation or for the pref
Thethttie
Compy &. Hit "Export” in FMUExport toolb
go to "Tools -> Export Model as
will open, and the FMU will be e

Y Imp
=
| Exvgiine
) hy—nicar 7Ly OFE 2 ET S
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« TJ AR—
GTISE ® A == —® Tools Y iR > /5 Export as FMU or MEX %8R9 % & | HEIRYIZ FMU (*.fmu
TrAN) BDEKRSIET,

@ [
e ‘-& @ & #=% [[Z] Export as FMU or MEX | ~
. [H GT Excel Spreadsheets

Python WVehicle Neural Network MNeural Networks Meas+Pred Evolution
‘ Script  Builder Wizard for Linearization Converter Manager 2 Configure Default Units

Utilities Q

AR L7z FMU 3, iy —/V CHEAAZMEMN 2 2 L S aRE T,
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1.8 ETAS VECU-BUILDER

ETAS 2 2fit9-2% FMU A5k —/L VECU-BUILDER (324 F OFERE & fif 2 TV E 7,
- FMI 2.0 %l
- EpT 5 FMU (IZ XCP R L — 7 HERE A £ 5-(FLK T INCA 7¢ & L #E A vl e
- AT % FMU iZ Solver ZNj L 23X = L—3 3 VU AfHE
- CY—Ra—K, A7V =7 N7 7 AL, DLL 5@ FMU A1k
- ANV RIA UK DFET
- Windows 3 X' Linux 2%
FMU OAERRIZEH LT 5 Z &2k D, ETAS COSYM %4 & Liz FMI #iiloa v I a2 L—F LD
—NTF =B FMRIHERR T D 2 ERAREE oo TWET,

®TRE e

(9 [ETASCOSYM

VECU
fmu

Controller
=17,

b
FMUChecker |i__.>
v

.
N
AT N
ETAS VECU-BUILDER i N

o
-
’
-,
-

VECU
fmu

Controller

>

7i7 [ - - -5 - -

FMUChecker ]2} Rl

# [FMUChecker) 1371 —Y—IL Visual Studio

E;==ﬂ
"
! B
<
m
Q)
E«C

’ II R
I
-
E
]

'

Y

X 1.7.2-1VECU-BUILDER & Y — /v F = — ¥l

Flo, av U RIA L A B =T x2—ATHDHTD, BN AT T A Oy FREIZHEITH
AT Z ENTEET,

1.8.1  FMU DERK

VECU-BUILDER i, FMU ®tt 257 7 A M(C Y —Aa— K, 47V =27 b7 7 A /b, DLL 72 &)
& YAML EROZET 7 A4 v FMU 24 L £,

YAML 7 7 AV TlE, AN 7 740, AHMITB IO T G5, ¥ 27 EH, EEPROM O#h{E, 4+
HDOA LT N— R« 77 A NI EERFERICRET D 2 EDBHHRETT,
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wo“_L;;o_iject ................................

'$ {VECUBUILDER EXAMPLES}\BCU\S
- '${VECUBUILDER EXAMPLES)\BCU\ad
Wozt.x:.xna1v.cudll

— —vecu =

|- dll me : 'B

get::;::tos_txom: '${SystemDrive}\Sandbox" DLLU)?EE v

X 1.8.1-1 YAML 7 7 A Ml: AN 7 7 A4 VOBRE

F R 0
putputs:
- Rte Rx

X 1.8.1-2 YAML 7 7 A W 5: AHAEBDOHRE

FMU iZa~> R4 VEITIC L VAR EINE T, FMU O L KOS EMEMR. TNy 7 E{70 L
O—IEDOVEREEIX, Ny F 757 4/1L LT VECU-BUILDER O/ THE SN TWET,

- a x

B C:¥Windows¥system32¥
BUIL 0

X 1.8.1-3 FMU v/ ROETF (a2~ RS54 LV ET)

)]
w
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1.82 FMU DA viR— b EEFT

FMU OIHATIZBR L Tk, FMIWCHER L7z 2 v I 2 b—F 2] L £,
ZIZTIHETAS a3 I 2 L—% COSYM Z W TCaill L £7,

FP,EFETLEVFMU 214 o AR—bFLET, ZHEa T HF A N A=2—0 [Import model] 7> 51T
XET,

&} cosYM V330 - o x
v [\ Library
B
~ “ntrol
|
@ wvironment
@ Ccreate model >
@ Create folder
Driver Vehicle |
[’ 3/4 2/3 2/2 3/16
v & Systems
BB
> & System

X 1.8.2-1 FMU DA > &R— b

W, A VR—FLEFMUZS I 2l —3 a3 T80 ATAIEMLET, 2HiIA v A—FLT=FE
FTHADYARNSREBEHEB~DRT v 7 « TR KayXlck)ET7TEET,

COSYM V330

METIdemo

- o x
& System I Ubrary
ECIFNCY -
Cacontrel
 Environmen t
5VECU
£) Vehi
RSws 7ok
Driver Vehicle FEwy B
3/4 23 212 316
& System:
3 & System
s
X

Deployment Parameter Assistant Properties XCP Config

X 1822 ¥YI2b—var§TBH5YVARATA~DFMU OEE

Z LT, B0 H A7 OFETIEF 2R E L £,
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Connactions
Model{Output) PathOutput) PortiOupat) Poringut) Pathiinpat) Modsiinput)
= rr— o ~

X 1.8.2-3 7'u v 7 BDEBDORR

LERsETLES, BuildandRun| 27V v 7 LET, =2 b— g OERB MmO EE) L, /i
T Loy I alb—rvay s VAT LAOEBEAHRTHZ ENTETET, B, ANMEFOEIESLTE
=B BOESOERLE LD GUI ORERY & = O FEEREHE C/TVVE T,

B bxperiment Enviro cew] - ev_guieer - o X

b

Be B Vew Bumrivert lnstrmer
CHR o -

« o

Soarch Fi

[Signet Gonarsior | Dutstogger ) Instramentaton™ | &

X 1.824 I al— g EITHB

(@]
ot
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1.9. =5 2> Modelon Impact

Modelon Impact X, E7 12 4L03BE%E L7- Modelica 575 AR — B AT AL Ialb—T g
Y — /LT, Modelon Impact Tl _XTD a3 )LFEHRDET /UL FMI OFEHEICHERL L TR Y FMI
RS L2 BT AV OMER, FEA, a2 b—vara2f7) 2N TEET, U TOMEEZA L TVE
R
- FMI2.0 %#H%A—bFLET,
- Co-Simulation & Model Exchange (=27 AR —hrDH) HHHR—FLET,
- Windows 88X Linux (JBf€=~> F) ZXna L TWET,
%72, Modelon Impact ® 51—/ T % OPTIMICA Compiler Toolkit & FJH L7=356&. FMI ~Dxf
JETHREREE L R TE T T,
- FMI1.0 KO*2.0 2% A—FLET,
- Co-Simulation & Model Exchange % ¥4 — kL £,
- Windows 3 L O Linux Zxf& L CWET,

1.9.1. FMU D4ERL
Modelon Impact 7V — 2 A~2— 2 (Workspace) (& BHET /L5 FMU 24T 2546, RET
NuEHZ Y v 7 L, Export FMU ZEIR L F3 (X 1.9.1-1),

X 1.9.1-1 FMU 45k

wRoOMHE (¥ 1.9.1-2) Tix, FMU ARRICBET 247 v a v RErsnEd, 20N, FMU OFEHH
(Model Exchange ™7, Co-simulation ®#) %3 OE$, Co-simulation ® FMU % &ACHA,
NWNEREN A~ Y REFLATUTZREO YV L REEIC /20 £77,
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FMU EXPORT

The model will be exported as FMI 2.0 compiled for Win64

® O

Model Exchange Co-simulation

L Export settings

(@ This feature is unlicensed but requires an active FMU Export agreement

CANCEL EXPORT

X 1.9.1-2 FMU =27 AFR— FRE
1.9.1-3 ® Export settings ([Z LV | 1E0DOA T v a VEENTEET,

Application Execution Export Units Storage Workspace

FMI version 20

Target platform Winbs4 M

FMU format Model Exchange @ Co-simulation

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

Relative tolerance 0.000001

Fixed step size

X 1.9.1-3 FMU =7 AR— F DB E

19.2. FMU®DA >iR— b EEFT
FMU # A4 ViR — 9288, ELEOU—0 ZA_R—2T7 591 2hiH A R—FEX 2k FMU £
7L (Co-simulation 2.0 D#) %A »AR—FLE7 (X 1.9.2-1),

5 Modelon Impact

EEE_COC a[E]+
== | Your recent editable models

» [ workspace _
> CDC2023
> FMUmodel © o

>, D8 E
» ERotoetogs ofresc o

FAVORITES =

LIBRARIES L]

» [ airconaitioning

» B ArcraftDynamics Examples

» [ eectrification

- EngineDynamics

Friction _input PID_Controller New

gt Tt

X 1.9.2-1 FMU A > &R— b
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A UHR—=RREDONR r—DZ B EIRL T, ETVEA U AR—FLET (¥ 1.9.2-2),

IMPORT FMU

Name
Workspace _Friction_input
Package
FMUrmadel v

CANCEL IMPORT

X 1.9.2-2 FMU A V&R — FRE

FMU 23732123, /£ VA= bFENTETNLAEET AR Y UNRI R T T R Rry 7 LA
MmLUES (¥ 1.9.2-3),

B system Wl Experiment 1 (default) il Results
ML s I w

system

INFORMATION ~

PROPERTIES v

v e
v a _input
fon_input __ -
. .
-
COMPONENTS >
FAVORITES _\» ‘m l

UBRAREES o I I ]

Friction_input

¥ 1.9.2-3 FMU z#E/M+ 27141

AVRRY MNIHETNVT V7T 58, NT A —2EHET HHEEPBIL, INFORMATION % 7 CiX
ETNVOERPHER TE E9, PROPERTIES # 7 CNRIT A =X 52FHELET, NTA—FNLXT T LT
SHEEN, EFNADNRT A= L FMU EFLONRT A= RFERrENET (K 1.9.2-4),

~
#mé Friction_input

B system Ml Experiment 1 (defa W Results

o @
- | A -

. 3157
T >
' o = .
n eneral  FMiparameters Components  \Viariables
’ 1 1[0
startTime 1 os
COMPONENTS >

Friction_input

K 1.9.2-4 FMU O35 XA —FRE
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A viR—h &7 FMU % i FMU £ X O Modelica @ = >R3> b EfES LT, Modelon Impact
TOVIal—rarz3 T U CHRRREMIIDTEET,

o, BHEOFMU €V 2 — V&G LT, VAT AETAVEERT D ZENTEET, M 1.9.25
R LTeDIFZEDO—HI T,

AAA L
—h
3

[=

oSt SignallOEvaporator
L]
i foni

switchWithArc

X 1.9.2-5 #HEFMU THRK Lz AT LET VH]

1.9.3. OPTIMICA Compiler Toolkit ® FMI H7K— h#¥4E
OPTIMICA Compiler Toolkit (# L T OCT) % Modelon Impact TSN HHHE= Y TT,
Modelica @273 T L VY NANEfi2TEY | RE(LCEFIRBOFHRRE, ¥4 FIv v Iab—v
a YU OEEZ $2ME L £ 9, Modelon Impact TlX OCT % # —>x/L & L T® Jupyter Notebook & i
& L. FMU &7 VT &R 217V E T,
- FMI 1.0 X O'FMI 2.0 # %A — kL ET,
- Co-Simulation & Model Exchange %% 7~ — kL %7,
- Windows 3 L O Linux Zxf& L CWET,
Modelon Impact ® UL 76 JupyterLablZ7 7 AL, /— 7 v 7 Z2EKLET (¥ 1.9.3-1),

> ®

A

Modelon Impact

Al

X 1.9.3-1 JupyterLab ZFEOM S

J— 7 v 7% Modelon Impact L1 -> T, V=20 AR—RIIHDIETNEHFHHBD Z ENTE E
9, Python =2— KXV ET VO 2FATLET,

(a) Modelon Impact DV —27 A_X—X L@ L T4 L 287 VAR £7,
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from modelon.impact.client import Client
client = Client{url="https://impact.modelon.cloud/"”, interactive=True)
workspaceName = 'NotebookDemo'

directCapacitor = "Modelica.Electrical.Analog.Examples.Utilities.DirectCapacitor”
inverseCapacitor = "Modelica.Electrical.Analog.Examples.Utilities.InverseCapacitor”

workspace = client.get_workspace(workspacellame)
model_direct_capacitor = workspace.get_model(directCapacitor)
model_inverse_capacitor = workspace.get_model(inverseCapacitor)

(b) FMU EFVMZ&EKLET, ZZTIEFMU €7 VOMEEZ#RELE T, 7 7 4 /v b ik Model
Exchange ® 2.0 ¥ A4 7L 720 £9, AplAliE7 FMU €7 Vi3 1.0, £721320 1 X—Yary, £
L C Modelon Exchange, Co-simulation, 72/ ME+CS ¥ A 7N E 7,

dynamic = workspace.get_custom_function(“dynamic")
compiler_opt = dynamic.get compiler options()

direct_fmu = model_direct_capacitor.compile(compiler_options=compiler_opt, fmi_target='me+cs’, platform="win6d', fmi_version='2.8").wait()
inverse_fmu = model_inverse_capacitor.compile(compiler _options=compiler_opt, fmi_target='cs', platform='linux64').wait()

(¢) AEEN FMU €7 /v&E T/ AR— kLT, T &7 VET,

direct_fmu_path = direct_fmu.download('./Resources”)
inverse_fmu_path = inverse_fmu.download('./Resources');

() ZHo0FETFTNAEZEND 94, (Co-Simulation 7—7 7 1 —)

# Load (S FMUs
from pyfmi import load fmu

cs_direct_model = load fmu{direct fmu_path, kind="(S")
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)

(&) A vR—PMEEEREHLTANLET,

import numpy as np
import math
import matplotlib.pyplot as plt

offset = @.
amplitude = 1.
frequency = 1.5

times = np.linspace(@,1,108)
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)

) &34 L., MRE2MRELET (¥ 1.9.3-2),

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

# Set communication interval
opts = coupled_model.simulate_options()
opts[“step size"] = 8.801 # "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)

&2
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# Plot copacitor voltages

plt.figure{l}

ver2.0.2

plt.plot{results[cs_direct_model][ time'],results[cs_direct_model]['capacitor.i'], label="capacitor I - direct”)
plt.plot{results[cs_inverse_model]["time'],results[cs_inverse_model]['capacitor.i'], label="capacitor I - inverse"}

plt.xlabel("Time [s5]")
plt.ylabel{"Current [A]")
plt.legend()

plt.show( )

0.6

o b
(X s
i L

Current [A]
o
o
i

=0.2 1
-0.4
064 — capac_llorl - direct
—— capacitor | - inverse
T T T T T T
0.0 0.2 0.4 0.6 0.8 10
Time [s]

X 1.9.3-2 Jupyter Notebook T®D FMU f#HT#E R
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1.10. VenetDCP

VenetDCP 1%, HET VXNV ) a—v g ARS8 208 @k I 2 b—2a vy —b
T, FBEOONRN—Va OB AVI a2l —Yary Y AR EERT AR TEET,

WO FMI #ik 2 L-dipky I 2 L— a3 Tl £750% FMU I 27 AR— F L CHFICE
FETHLERHY £, ZOHA. =7 AR—FEINEETMIT T v IRy 7 A0, £TNVEZIT
Mo OHBNBRY I 2l — gy TXFET,

WEOFMURISEERUEER Y1V —33> ERNEZVAOEAIO#NSZ1L -3 % 3
(ID A= bENEEFTIILEET 59T A)
FMI Export Xtizy—)L FMI Import 3sy—JL

fny ey (WSS~

MMMMMMM FUNCTIONAL
i MOCK-UP

- = Functional
I i s

UNIT

VenetDCP ZfEH L7 I 2L —2a U Tk, ETAEZTESTICEOYIalb—a Y —
JNZEWEEFETIab—2a U TEET, ZOHE, £EF7/VIC1E VenetDCP 23419 % FMI {5 H
RB7ay 7 [IN2axr 2] ZPADLERHY 9, 2O/ R2axr 2%, FMI2.0 o FMU T
EbENTED, FMI2.0 A A= MIxte Ty alb—ra Y — L THATE T (FMI3.0 OV R
— FHEE L TWET),

NRAART BEMRBPANVTEET N Ty I alb—ya VEABBTDE, ZOETVIIANZRaRT X A%k
HLTHMOETAVERy N7 LICER LE T, > = b— 3 >, VenetDCP [ L5t S i=4%E
Tk, BRI SRR LR TRICEESE £, Zhicky, DY 21—y a vy —%
BHEHLEHE CHEE S0l - #lk s S 2 L —2 g URAREICAR Y £, £2, EF AN FMUICTZ A
A= ENTWRWIEORFDETNVEEETE, ETADBFRICHLIICONGFDY I 2 b—a Y
—VTHRER AR TEET,

VenetDCP®&{#ERUEERKRYZ1L—33>

LRSI,
FMI2.0 Import 34y —JL TOY-IIOFEEFENNT FMI2.0 Import 35—l
B ROY— )%
= = EHU R BT
e | tmy| | Bsotiue fmy —

| Eress
—= : BANSYZaL =33 :
s HRERERCES
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VenetDCP Z W= 25Hk « Hpk I 2 L—32 3 VOMEICIE, UTD 3D AFT v 7k £9°,

Step 1 Step 2 Step 3
S ERE 71 NOVER . . .
(BT A NS AT IS - TH) JATFIIDER: NAIADSOREDLS:
ERISETILOVAN 3
‘mw N :5';:“5 B8 | Venei‘DCP” .
el s LT JRIRITERY L e i
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s ((SE2E979)
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R: {E5%2%E793
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2. Axn$7&$m1/~w WEERZT 7 ANEANTI L, NAIRXT X EERLET,
R LToN ARy B - B I 2 b—3 3 Y OSMECERAMA LET,
3. NARARIT B EETNVIHMBIAHRET, £V —/LD FMI A AR — FFIRIZHES T EE0,

PLFIE, NARaRxy ZEfBA T T NV OFITT,
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- Bt 2. ETAS COSYM

(3008

ver2.0.2

) cosym

File Project View Help

SystemATS
Qo @
LT CNT R sample_bus. 7] archy LT CNT_Te_ssmple_buffimy
w 7o [ n
ENG_CNT e sample bus (flu enc T ENGCNT, T sample bl fmu
55 ECE 5
TH.CNT. i sampie_bus fhu ™ TM_CNT T sample bus linu
n n o n

Artifacts

Parameter Assist

=eEE

ETAS

= Library
|8
~ & Control
B AT CNT
» (3 BusConnecter
) ENG_CNT
B M_enNT

Vs_Sy

) Environment
CIvECY

* Systems

B8

~ & SystemATS
& TargetaTs

- B 3. 722X Twin Builder

NRARXT BEBRIANTEETT VT I ab—ra rZfAT 5L, NRAax7 ZITHERNIC T
Ry ab—vararion—7 | ZERSNET, TXTONRRITRT ZRERRSND Z LT,

HRLY I 2 L= a URBR S E T,
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VenetDCP’
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2wt |

PC2
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Sy
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1.11. OpenModelica

OpenModelica (%, Open Source Modelica Consortium TBi% X4 CW 5 Modelica Sf&54 1 L7=>
Fal—varyY—ATY, ZOY—AE BETAHIATHWES, SEIE, N—T a2 1.21.0 TO
I TE, A=V a URFTLEREICOVNT, £ L11-1ITRLET,

# 1.11-1 OpenModelica FMI A > ¥ 7 = — AfgE—&

FMI fERA&RE

FMI ~—v 3 v 1.0, 2.0

FE Model Exchange. Co-Simulation
0S Windows, Linux, macOS
TAEUA FMU {EpHy : R

YER L7- FMU O EITRE © AREL

FMI FeiAbERE

FMI N— g 2.0

TE= Model Exchange

oS Windows, Linux, macOS
FJA A FMU BtiARE © N8

FemA AT FMU OFETRE - AERUANZ KA

1.11.1. FMU D {ERL
FMU OERRTIEIZOWT TN LET, HEcA T Y 3 > CREESITEOZENLIEIZ LY F7,

RIFBETIE, Y —A>F T a >BRICT, EET 4 L7 PUERELET,

oA OMEdit- #73y ? X
e | E2 3 ~
g 54739 BE:* B ~
E Text Editor PEEF ¢LAM): | |-/ I Dovwn loads/Sample_3p2/1D 102531 OpenModelica/F MU \| I50%
E Modelica Editor W= PA A K * [2¢
= MetaModelica Editor [ 7 —HGITh1 A4 TMiSTE

X 1.11.1-1 OMEdit-A 7 a VITTHEETF 4LV 27 MY 28 E

FMI 1.0 & 2.0, & L <% Co-Simulation & Model Exchange Df5E(L, V—/>4 7T 2 »>FMI
T, BEHLOAR=Va v XA THEBELET,
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o& OMEdit - #7Y3Y ? X

2= FEHL =
& 51759 HW=Jas

Text Editor O 18

Modelica Editor ® 20

MetaModelica Editor 547

CompositeModel Editor @® Model Exchange

SSP Editor O Go-Simulation

C/C++ Editor O Model ExchangeCo-Simulation

HTML Editor FMUZ: !/defaulﬂ
d 7577197¢2- Move FMU: l".dlrectm-/ name or full file name with placeholders>
é viab-vsy Platforms

@ KXot~y
Q==

N\ #20251)
&L 295917
7avk
Figaro

71

FMI

OMTLMSimulator
OMSimulator/SSP

P Traceability

<

Note: The list of platforms is created by searching for programs in the PATH matching pattern “*—*-%-*cc” .
In order to run docker platforms add docker to PATH.

A source-code only FMU is generated if no platform is selected.

[ Native

[[] x86_64-linux-enu docker run --pull=never multiarch/crossbuild

[ i686-linux-gnu docker run ~-pull=never multiarch/crossbuild

[] x86_64-wb4-mingw32 docker run —-pull=never multiarch/crossbuild

[[] i686-w64-mingw32 docker run --pull=never multiarch/crossbuild

[[] arm-linux-gnueabihf docker run ==pull Itiarch/crossbuild

[ aarch64-linux-gnu docker run =-pull=never multiarch/crossbuild

[Domm.‘: separated list of additional platforms

Solver for Co-Simulation: | Explicit Euler
Model Description Filters: protected

Mo 00 e e . Ay TS

>

* KEIBRSERIMENT.

ok

ETo

X 1.11.1-2 OMEdit-# 7 3 VI T FMI 2% &

i HEESr S BEERIE e =7 v EMEES FMITEN - REKRE WG
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77 ANSEIHLSFMU 2i#R4 25 & FMU BAER S ET,

o OMEdit - OpenModelica Connection Editor — [m] X
| 274 1E) I?ﬁli@ Fa-(\) SSP ¥3al-¥ay(§ DataReconcilistion Sensitivity Optimization F/(7 (D)  V-IlD AT (1)
1 | EW

"X \NOHOTH <= 5E- O9E 5|99 &
[x]

w S TVERC Ctrl+0

tJd1
Iy3-KentModelicaZr{ I ERUERT S =
g $52355Th | Model [ £47552— [porty! | IR Do oads/5++enModelicarJ1 Modelica ME mo | s
Load Encrypted Library &
SRIPMIERK Ctrl+Shift+0

ERTrIERC
Unload All

New Composite Model
i Open Composite Model(s)
ABOETIMERED-F

QOpen Directory
ToSD

B F= Ctrl+S torque?
Ed

TRUEE o T teu

torque | RSN
Import [ 7 &
|EEL 3 To Clipboard
= J=1kegm?2 speedSensor
YAFLIATFIEG » =L Njt
Manage Libraries [ s LD
Read-only Package

BiEEL1T771UE) G Encrypted Package

BEERLLTTVETYT B il
S €5l Ctrl+P B Figaro

B To OMNotebook
=T Cl+Q o
v
< >

EFIEFMULLTREHL Lz Arrus  BIovk @ Debueene

X 1.11.1-3 FMU~TZ7EX

Ayt =TI UPICT, FBEEHULFEEOMR (- KR PHEGERTE £, PIOHAIX, [The
FMU is generated at ~| & RAFINET,

all Notifications Warnings Errors

N
[28] 08:43:34 ALY} il
The FMU is generated at G: Sample_3p2/
ID102531 OpenModelica/portJ1/portJ1 fmu.

v

K 1.11.1-4 A oE—I 7T P COELEFROMER
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1.11.2. FMU O A Y iR— b+

FMU O A VAR — MIOWT I LET, 7272 L. AR — L7z FMU BRFEFTTE RN — AR
ZxHVETOT, AENTFETECTELr—AZRICTHHLET, A A= 2T DRI, V—b
>t var>yIal—v 32T, [Enable FMU Import] (ZF =7 Z AL TAHEDCLET,

o& OMEdit - 17v3 ? X
~
ﬁ £ 5 Translation Flags
g 4734 Global flags applied to the Simulation Setup dialog upon the fir
E d For subsequent simulations, you can change them locally using
Text Editor
RYFVIPNAVZ L PFPlusExt
E Modelica Editor = N
AVTIDMERT & dynamicStateSelection

E MetaModelica Editor
E CompositeModel Editor

[| Show additi inf ion from the initialization process

[[] Evaluate all parameters (faster simulation, cannot change tt

E SSkiEditon Enable analytical jacobian for non-linear strong components
E C/C++ Editor [] Enable ization of inde dent systems of

|

| E HTML Editor [] Enable old frontend for code generation

oﬁ 73774992~ | [/ Enable FMU Import |
p Additional Ti ion Flags:

S-HyrEE:

v
>

N wmanen ad 163

* EEUERBERMENT. vesk | Frvt

X 1.11.2-1 Enable FMU Import Z &%)k

7 7 A /L>Import>FMU %8R L £ 7,

oA OMEdit - OpenModelica Connection Editor

TP  RME Ea-(V) SSP  YIal-YaU(S) DataReconcilistion Sensitivity Optimization ¥

A \NoBOTI

sample I*

¥ New

W EFMSAT5VERKC Ctrl+O
IY3-F&hiModeiica 3
st b 14773001~ o
Load Encrypted Library
BERI7LERK Ctrl+Shift+Q
ERIFVERK

Unload All

W

New Composite Model
@ Open Composite Model(s)

ABOET LMBED-F

Open Directory

#F Ctries
BETRT

FAIRE

Import d Y
110 » FMU Model Description

X 1.11.2-2 A >R— MEBE~T 7 &R

ZE

WIZ, B IABZAT D fmu 7 7 A NV EHEE L E T,

off OMEdit - FMUEEA% ? X
FMUZEA &

FMUD7A J): ?awl&_Sp!/Dlﬂ?GSW OpenModelica/FMU/port J1/port J1 fmu ‘i F30X..
Model Name: [Name of the generated model. If emply then the name is auto eenerated us
HAFLHNIAFVaYY [[Fno Output Drectory specified then the FMU fibs are e= | [ F38Z. |
of LAl -2 v
O Frsos

ANIRDREAERR

HAIRDREADER

* ZO2—Fo-(IRBEART Y. EALDTT NI ERIET A

K 1.11.2-3 BVARZITD fmu 7 7 A LVOIRE
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AVAR=FLEFMUIL, FA4 77 VICERRENET, FEITHAT /T L2 —ICRELET,
5473

> E] OpenMeodelica

> ModelicaServices

> n Complex

> 777 Modelica

IE] samplel Ly

> 1 | port/_me_FMU I ortJ1_me_FMU

V20

X 1.11.2-4 A v &— b L7 FMU

1.11.3. FMU Q%47
EFEFY >V I 2l —hMITyIal—yarB2ETLET,

o OMEdit - OpenModelica Connection Editor = a X

JPAUF) REE) Ea-(V) SSP YIab-Y3V(S) DataReconciliation Sensitivity Optimization F/(7 (D)  Y-IUT) AT (H)
F-eBR Heee x \OHNOTRE 5- 99E sPlveo -
X 1.11.81 ¥I=2l—3I 3 ry0DET

Tay MERT T UFICTER LI WERICTF 2y 7 2 ANET, 2L VEIR LB ORER
NERENET,

ot OMEit - OpenModelica Connection Editor - =] X
J7AIWF)  #EHR(E) Fa-(v) SSP ¥=1L-¥3¥(S) DataReconciliation Sensitivity Optimization T/ (D)  W=JKT) AS (H)

- @B B eSS X 98 XPl-l2gd S % ®-

% Plot : 1 B8 =iy 8 x
[ L R, » . & -— [Filter Variables |92 4 @
o M e Clegx Cllogy % =
Simulation Time Unit s =
I —— fMU_J1_Casel Dymola ME_J1_me FMUNj1 |— fMU_J1_Case 1 Dymola ME_J1_me_FMU torque tau L
1.2 K ' II Time: Speed| 1~
1 T B i Displ ~
v [@8 (Active) test000
038 .
const
i
Oy 4
0.4 v fMU J1 C..1_me_FMU
0599998
0.2 qsD 0
[ debuglogging
0 j [] der_inertia_phi_ 0.999998
[0 der_inertia_w. 1
0.2 T T T 1 - T
0 05 1 15 2 [] der_sp...e_phi_  0.999998
time (s) [ inertia J 7 v
< >

&€ 502 K e *Debugging
X 1.11.3-2 HAFKEROBR L RN
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1.12. FMPy

FMPy (X, ROBERE % FF>IEEL D Python 74 77 U T& ¥ . Functional Mock-up Units (FMU) @
Ralb—varETHOILENTEET

FMI 1.0, 2.0, 88X 3.0 (:—%) ZHKR—FLET,
Co-Simulation & Model Exchange Z#74&~— kL £7,
Windows, Linux, XU macOS TEITTX LT,
av RIA T T4 N a—P— A X =T 2= BLONWeb 77V 7r— = it
LET,
Jupyter Notebooks % 1ERf T& £,
SO a— RN FMU Zzav A vL, 7y 7D CMake 7wy =7 FaAERT 52 LN T
TET,

FMPy |3EARBIZHRD FMU O A AR — F LG L TWERE A, #8D FMU %570 235613,
Dymola DL 972V V a— a3 & ZHALZE0,

GUIZE#HLEL X 9,

python -m fmpy.gui

TREDBAAFRSNET,

© Fvpy - o X

File Tools Ip

Hel
w® C B E e [T Co-Smulation

DerMSME“

Recent Files.

“open a FMU” A& U E7IE N7 v 77 FRRry 7T FMU 22— L TLZE0,

UIal—yar#MlELIIIANRDNRTG A—2% Ul ECHEETCXET,
HLLA Ty b7 ANEFALEZTE, ANZ” Input” LS H9HEBEZF v Z7 LT, CSV 77 A
NERETHZEbTEET,
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&) C\Users\gv6\Downloads\Sample_6p3\PWT_PNT.fmu - FMPy - o X
File Tools Help
® C & E = [ S Co-Simulation
fiter variables T = e
Name Start Unit  Plot  Description ~ FML Version 20
B DF_PNTDF gear 63 [u] FMIType Co-Simulation
B DF_PNT Driveshaft_demper  632.45553.. ] "
B DF_PNT Driveshaft_delta_. 01 [m] VodelName PT_PNT
B DF_PNT_Driveshaft_delta_r. 01 O Flatforms win64
B DF_PNT_Driveshaft_spring 10000.0 [m] Continuous States 0
O DF_PNT eta DF 088 [u] EventIndicators 1
B ENG_CNT_Throttle_LL 00 [m] Jariah 0
B ENG_CNT Throttle UL 1000 m] e
= EMG_PNT FuelCon_gps_m... 00 [m} Generation Date  2018-03-30T00: 14:31
B ENG_PNT FuelCon_gps_m... 681 [m] Generation Tool  FMI Toolbox 2.6.3 from Modelon run at
B ENG_PNT FuelCon_gps.m... 23505 O MATLAB (R2017b) win6 4
B ENG_PNT FuelCon_gps_m.. 102075 ] Description i
B ENG_PNT FuelCon_gps_m.. 110625 ]
B ENG_PNT FuelCon_gps_m.. 03675 ]
B ENG_PNT FuelCon_gps_m.. 05025 ] solver it Sivr)
B ENG_PNT_FuelCon_gps_m.. 0.6675 ] Step Size 13
B ENG_PNT_FuelCon_gps_m.. 08475 O Relative Tolerance  |1-06
B ENG_PNT_FuelC . 102
-PH I fuelbongps. . o O outputInterval 0,0025
B ENG_PNT_FuelCon_gps_m.. 11025 O
B ENG_PNT_FuelCon_gps_m... 0.0 O @ Max. Samples
B ENG_PNT FuelCon_gps_m.. 039 [u] [ mput No input file selected [
B ENG_PNT_FuelC . 05475
-PNTFuelton_gps.m o T Apply default start valoes
B ENG_PNT_FuelCon_gps_m... 075 [m]
B ENG_PNT_FuelCon_gps_m... 015 [m] Dlteor cats
B ENG_PNT_FuelCon_gps_m. 0.9 [m] [ pebug Logging
B ENG_PNT_FuelCon_gps_m. 12 a
B ENG_PNT_FuelCon_gps_m. 153 a
B ENG_PNT_FuelCon_gps_m, 16575 O B v TR_PNT_radps
B ENG_PNT_FuelCon_gps_m. 00 O : P_TM_PNT_rem :
n_eng_rpm
B ENG_PNT_FuelCon_gps_m, 0525 O W o DF_PNT_Nm o
B ENG_PNT_FuelCon_gps_m, 073 O > t5cope_Fuel e
B ENG_PNT_FuelCon_gps_m. 0.9825 O : ;‘:’e—xﬂ :
B ENG_PNT_FuelCon_gps_m. 1.26 [m] B timing_jgnition Mpej:;}ywhae\l b
B ENG_PNT FuelCon_gps_m, 15675 ] b{ trq AT PNTNm v ENG_PNT_radps o
B ENG_PNT FuelCon_gps_m. 0225 O B tra_STPNT_Nim
B ENG_PNT FuelCon_gps_m, 1965 O v
(D Simulation took 0.784 s

FRLICWERZERLBAERZ 27 ) v 7T D&,

Description

&) C:\Users\gv6\Downloads\Sample_6p3\PWT_PNT.fmu - FMPy

File Tools Help

® C o ® = Mmoo Co-Simulation

fiter variables

Name Start Uit Plat
B TM_PNT torque_capacity_... 07 [m]
B TM_PNT torque_capacity_... 08 [m]
B TM_PNT torque_capacity_... 08 [m]
B TM_PNT torque ratio_tabl... 19 [m]
B TM_PNT torque ratio_tabl... 10 [m]
B TM_PNT torque ratio_tabl... 12 [m]
B TM_PNT torque_ratio_tabl... 17 m]
B TM_PNT torque_ratio_tabl... 16 m]
B TM_PNT torque_ratio_tabl... 15 m]
B TM_PNT torque_ratio_tabl... 14 m]
B TM_PNT torque_ratio_tabl... 13 m]
B TM_PNT torque_ratio_tabl... 12 m]
B TM_PNT torque_ratio_tabl... 11 m]
B TM_PNT torque_ratio_tabl... 10 m]
B TM_PNT torque_ratio_tabl... 00 m]
B TM_PNT_torque.ratio_tabl... 10 [m]
B TM_PNT_torque.ratio_tabl... 01 [m]
B TM_PNT_torque.ratio_tabl... 02 [m]
B TM_PNT_torque.ratio_tabl... 03 [m]
B TM_PNT_torque.ratio_tabl... 04 [m]
B TM_PNT_torque.ratio_tabl... 05 [m]
B TM_PNT_torque.ratio_tabl... 06 [m]
B TM_PNT_torque.ratio_tabl... 07 [m]
B TM_PNT_torque.ratio_tabl... 08 [m]
B TM_PNT_terque_ratio_tabl... 09 a
B TM_PNT.w_ROT.T.C_LL 19 [m]
B TM_PNT_w_ROT.T.C_UL 100000 [m]
¥ trg_ALT_PNT_Nm 00 [m]
© trq_DF_PNT_Nm
¥ trq_ST_PNT_Nm 00 a
o tScope_CVTLoss
o tScope_Fuel
o tScope_Fuelraio
© tScope_trq_Flywheel2
© u_ENG_PNT_radps
»0 w_TR_PNT_radps 0o

(D Simulation took 1.142 5

-

- ) x

tscope_Fuel

_rpm
=
¥

s
a5

n_TM_PNT

DF_PNT fim
o
o

trq

00 200 300 400 500

tScope_trq_Flywheeliv_ENG_PNT radps

9_rpm
=
o

n_en
&
o

tScope_Fuelraio

tScope_CWTLoss

A By

T AEEHIE S 7 AEMERS FMIVEM - REAMRET WG

7'v oy MEEAB O ET,
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1.13. MAGNA KULI Software

MAGNA 73#2fl:9 % KULI Software (3T E U 7 4 O~ XA MIFHEL7Z1ID I 2L —v 3>
V=TT, WAV AT LOHELAT U EDORE(LET, SEIEREBE T Iab—ra et R
— b L., 2B ERRICLET, YT 0 SIIEMAE, T v BE, SR, REEEEO
TOMOPEFEEMATE L TRV, AP TRSFHINTHET,

KULI Software I£, FMU Ok, #iAIAIIRIG L TWET, LT 1.13-1 1 KULI19.1 128
J BV AR— MR OWTE EDET,

# 1.13-1 KULI ® FMI ¥ &R— MR (KULI 19.1 B )

FMU =7 ZR— |

FMI ~"—Y g v 2.0

TE= Co-Simulation (CS)

T AR— T 7 U —hR S

WEIR T A &R KULI FMU pro ik : FH T A & ANRNE

TJ AR— NET 7 U —hi :FMU N TRER T A 28T

WELIR T A A KULI FMU pro it : <%

%5 KULI FMU pro it TIEK;5{b<°, FMU ff IR O3 E A FIEE T,
FMU A »7R—h

FMI N—v =3 v 2.0

TE Co-Simulation (CS)

A AR— R HHAOT RRVARTA B ATA B ARMBETT,

DA A AV

e KULI (% FMU I(Z Python #47 L CT#ift L £7°, {H4r® Python 22 U 7" LA

DY K L—F TERLETOT, a—F 4 v 7IRETT,

3
\]
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1.13.1. FMU D 1{ERK

HANZ, FMU LT 27 V2B LET, 7 /ML FMU S 2 FACRE L T £,

7. FMU % {Epk9 %72 FMU Generator A > A h—/L L TR E 7,

wiZ, FMU {bZ170WET, LFOK 1.18.1-1 IR T X518, v ag v KA [project view] ¥ 7N
MW FMUALLT-WET A EZ L2 ) v 7 L, arTF A M A =a2—05[Export as FMU] 38R L £9,

K KULI - System generation [ExCAR_FMU.scs]

File Simulation Tools View Help

0D B v <
= Project view v & X [ General data
E: Project: "default"
[ Path Settings
------ £ Analysis Options User
B@ Cooling systems Date (0=current)
e Open KULI File Department
. Unpack and open KULI File Purpose
Pack .5CS file... Results
Export as FMU... Report No.
Rernove File from Project
Delete File from Disk Memo

AR I RY-RON

‘ Circuits / Air path #Air side

(ECS

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

X 1.13.1-1 EFA»D FMU =7 AR— |k

FATT 5 LI 1.13.1-2 1T & O 70 FMU /BB 28 Fos S E4, Mo, ARRCHEAMIR, B 51t
FIET2 EOREZATV, Bl FARZ O [Generate] Z3& FMU BNAEMR S ILET,

K . FMU Generator

CAECS\KULI_191000\data\CoolingSystems\ExCAR_FMU.scs

Browse...

Please enter the model description...

KULI model

Identifier ExCAR_FMU
Name ExCAR_FMU
Description

Author

Version 1.0

Help location

Icon location

Qutput directory

]

License free

Expiration date

? & -

Please select an expirati

Please select the location of the help folder...

Please select the icon...

CAECS\KULI_191000\data\CoolingSystems

on aate...

Browse...

Browse...

Browse...

&

Generate Exit

X 1.13.1-2 FMU {ERREE

HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG
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1.13.2. FMU O A Y iR— k &£ E1T

KULI £ FMU & 056512 Python % JHV E3, API & L Python 27 U 7 k% {Fsk L. KULI £<
BT 5 Z & T Co-Simulation N F[E & 72 W £9°, Python A7 U 7 MIFH Y = x L —& TIERKFHET
To B Y = R —F L GUIBIEO A TEAEFREL o TV, a—F 4 V JIIARETT,

ZOITX Python A7 V7 b= x L —Z O k& KULL ETO Python 27 U 7 N EFH L%
~LET,

9. FA1IC KULL FMU_importer 1 > A h—/L L TEBWNWTL Z &V, FEMIC X £ LTI R—
MZBMWEDLELTEE W,

A > A h—/U1% Start_Script_Generator.bat #3779 5 & X 1.13.2-1 D X 957 GUI NEEH L £,
GUI ##fEL. FMU 7 7 A VDO4EE., General 7 — % (X A LAT v T Ip O)DFRE, Wi - ORE. A7
V7 s o5& E LlGenerate script]l R Z AT LA 2 U 7 MMERK L F9,

B KULI FMU Importer = (m] X

Read input from

O FMU file O Generated Python script

FMU location Browse °
General e

Step size [s] 0.01 (default)

Default time interval [s] [0, 1.5]

Use KULI time step O

Include parameters

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

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 e Successfully generated the script.

X| 1.13.2-1 Start_Script_Generator.bat GUI
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HlE EER L7z Python 227 U 7 h & BT VIS L 4, ZOTENSEET KULL ETITVWET,
Python A7 U 7 k (Z[Python controller] 7 v v 7 N HEE L 97, A= U 7 Z[Python controller] %
RIv 7L, TRy & BTN )y 7 LTy OREY 1 FuzEEILET, K 1.13.2-2 [T7
9 GUI NEE#Eh L £§, GUI T Python 27 U7 h®$5E, Function Of5E, FMU & O S D%
ExEATV, [OKIZMH T LiRELZET LET,

Component parameters

Python controller D [2.PYC
Comment FMU Co-Simulation
Python medule CAECS\KULI_191000\data\PythonScripts\CoupledClutchesScript.py
Function Cosimulate(current_time, start_time, end_time, kuli_time_step, inputs) v
Initialization function setupFMU() v
Termination function terminateFMU() v
Inputs
-
Identifier Function parameter Comment Unit
IN_1 current_time current time in KULI s
IN 2 start_time starting time (from simulation para| s
IN_3 end_time end time (from simulation paramet| s
- FEE
ry
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
[ oK l [ Cancel l

X| 1.13.2-2 Python controller 7> 7 HEETV 1 KU

FMU 7 1t v 27 (Python controller) %X 1.13.2-3 IZRT L9 IZ KULI 7 v v 7 LR LET LV EZRRE
BETF, V4 Ry LED [Start simulation] RZ V2T 2 L. HENETIN, FENOIEERER
EERPREINET,

L4
v ® K, ]a @ f \ ' ‘] Q el & E \ Search online.. X +

v & X | [ General data | & Circuits / Air path | S Airside [B Simulation parameters x | [0 Library vix
¥ s ot g @
D Calculation controller
+~ =77 FMO Co-Simulation ~ ~ "
w ! ! : Analysis object
L
SimPar.Start time ’l o,“ N : Delay controller
= = ! Out
SimPar.End time - i PID controller
[SmPar End time ¢} >
1
SimPar_Timestep _#}= Python controller
|
FMU input [0} Simulink controller
|
_______ Medium

X 1.13.2-3 FMU %#%: L7 KULI 5 /v

HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG 7



FMI{EH AT A K (%) ver2.0.2

% 2FE FMIERAES

ZOFETIE, FMI O HFBIZ M LET
2.1. A7V MZEREICET 5 FMI BT 7L

2021 O VoS HWE BERMET 0y =27 b O—BRE LT, A HBRKFELE ZEBETHEC Y
VRS L VIER LT, N T R T A2 BBEICTF 22— U TAEED THNE F7.

211, YU TILETILOHRHA

AMizEE T VX, ~ A% Y — /L (Simplorer) N TIER L7z Xy T VET NV E, BEEEE T L
(Modelica), TR « 4 F 27 2AET /L (Amesim) DFF 250 FMU TH§k L T Model Exchange
ZATOVET. BIISIEEK 2.1.1-1 2R L TS0,

OS % Windows 64bit ift, FMI2.0 O&AIZx i L TUVWET.

TCERET VL, HERIOHEG BV AT VITABATEEEADT, TTHRIIZZ V.

Mathematics N a )

Mechanics []
Electronics [__]
Hydraulics [ i L
Rt ——— . = Physical
Electical s Fuel Tank Gas Turbine O D :
Signal — Flue Flow + ynamics
Rotational — 4 "
Thrust — Flue Flowing amount gz;‘: mics
N Controller
« Flue Flow ” 0% torque assist for axis
- Altitude \_ Assist reference torque
- Speed
\nsys f Current .4
TWIN BUILDER veIOCify
Pl Control

1

| Battery == Inverter Motor Gear

bDC \ : 3phase AC

2.1.1-1 Hybrid aircraft’s system simulation model

AEl~ A &> —/LZi% Simplorer ZHWE L7z, 2212220 FMU Z#BVIAHZES. BV IAHSE
L, A=a—WE CTHETHEHAES Explorer 26 K7 v 7 & Ry 778y — Lo TRARY 9
DT, ¥=a7 VEeZRLTI I,

T, KRETMI~AZY =)Lk, RoT UET )L iZZEORITT —4 (X 2.1.1-1 1 Mission
File) #fETHO2LENTSNETOT, THME 72X,
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212, ETILOHME
2.1.2.1. EXRMET Y 7

BRAMRET VT TEANY T U DEZITRSTmEHIRE L EZ A N —X T MHRMICER L, T—X
WL M7 e LT DT 2B EHRNET VICE DRI LE L. M 2.1.2-1 ITEKRMET LOT 1
v IRERLET. ZZTEINRNYT Y, fo3—F, B—%, arto—7, NUPEEROBRIZES L~
DONFERLET.

Torque © ‘ — |
(reference)

Positive-Voltage (Input) Ctrl

> Interface between signal and mechanical torque
Vg, Vq

Torqgg.:(load) /
N7

senod=t0 s

Velocity (Input)

Interface for coasal

Battery data ' 7 ‘v \ 7 model (mechanic)

and ; #"‘1“1‘ _J’ e
Battery cell = . g »‘ ! =
veel 't Inverters (&~ Motor P * Btemalineria
i) m P‘ Torque (Output)
[ : Internal inertia
=
Negative-Voltage ) = :
(Ingul) g / - ﬁ Interface for coasal E(I;c'lnc' toss
model (electric) (Output)
Negative-Cumrent “ i \Consiuni
(Output) Temperature

[X| 2.1.2-1 Electrical Drive Block Model

<1 :2w7U>
Ny 7 I, FAEEN T D ZREMOT T b TR VFEENRE WY F U LA 4 o Eilz BRI S
fiElEE L L CRBLZET L EAWE L.
<2 AN —F>
A VN BIIRRAA v F 7% HNT DC/AC BEMAEITNET. TTA, AL TIEFHE 2 2 MR O
T OEHHLEEZFANTRK DO LI ICEHI L E L. 72720, Voo, IpcldTNEh, A =% A DR
WL« BIMAE R L, Ve, lgcddTNEN, WHOZMERELE - Bz R LET. £o, Ppldad o —%
TRAETLHHEEEZRLET. 2.1.2-2 \TEHHIEE AL v F o T BE LICBEOEERIEEZ R LET.
EEURIE L X, FEEOAL v F U I K DR E B EE T, BEANRE NI LREL, £ =4
R (P, ZRIEFET D Z LT AERE LI AL v F o 75, ElmikiT <5 37— 8k
> TRz b~

Voclpe = tacVac + Pinw €Y)

D C+ ot vll v

Average Voltage

Actual Voltage

lllll

2.1.2-2 Model averaging
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<3 E'T—H>

T LA R L IPEZ TR o 2 CHRRERE MLV ~EERT S AC T—F 0 H HLEABARIEE—4
(IPMSM) ZEALE L7z, Ae—X O E LTIEK MLy, mlilfinzg EH45 2 LN T, EREFHTHLEAS
nHE—4TF. 22T Q) 12 dq i EToBEL#EL, X @) I IPMSM Ick->THEOLND bV (z,) &5
LET. %2720, vy, v, & dq WEE, R, ZEME G iy, i, & dq W&, Ly, L, % dq A o227 2 X,
w, ELXAEE, Ky 2T X OHZHH, p ks LET.

0 1 R O - A P @
= g{KE + (La — Ly)ia}iq (3)

<4:arirp—7>

a2y ha—7 TS M7 220 Y, 22 bREREE, £—X I b ER, T—XIC

FIn-4 % &+, N?%~&%EW%%L&%@%@%L,#?ﬁ*mﬁﬁ%%w14/A~&«&%Ai
JERZHALET. ar bue—F~OEaHE (A)) 1%, MZEENEEINTZT 714 NE2ERT D729
FHA M7 ® 10 5y 1 L LE LT :hmi@%~&ﬁ,ﬁx&~EV®Mﬁ%7yxb¢6k
WINRT LN T Y RERE LTI ZITWE L2, E72AM28TIE, IPMSM Z#8H L2729,
%@ﬁﬁ&bfﬂ2123@7u~%%~%%ﬁ%bi¢

M 2.1.2-4 (2 HIENC T D BRI Z2BESR 2R LET. 72720, BlilE d mhiER (i) %, el qfh
B (ig) %%ﬂ%ﬂmbi'ﬁ“. ¥ 2.1.2-4(a) (TR K b7 - EIRHIENE, K- PERRC, BBS L

7 hFEBT D RN DOEigy| = 242 ZBRTHTNATY RLEEELE L.

B 2.1.2-4(b) (R4S bL 7 -EERIRGIE T, @) H&K brvy - BSOS HEGEERA & 7o 5 7
B2, 85 MV 2 EBT L E/NER 1 %2, 84 hL o iR & BIERITRIR O M2 RIS 5 713 Y
XA%%%LiLt

B 2.1.2-4(c) (TR EIRHIR - BIEGIBREENL, 55 vy BEIROSIE TREFLHS & 7o o T2 BRIT iR
D MV7 B EBLT LEREERE LT, EIhIREh8RE & EERIIRAIR O S ZEINT 57 /1Y X L2
FLE L.
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Y Y

idqref X iquTPA idqref =iqu-‘r idqref = iqu-V

Y
‘ finish )

X 2.1.2-3 IPMSM control flow chert

1000 - 1000 -
800 A 800 -
600 600 -
400 + 400 -
200 200 -
¢ ¥ Y : ! x ! 0 T T T T T
-1500 -1000 -500 0 500 ~1500 ~1000 ~500 0 500
(aFA ML - Bl (b)y}EH B —EBEHIPRH1H
1009 ——  Torque .
lq
800 — Current
600 - — Voltage
400 - -@- MTPA
200 - =@~ 1-V cross g
. @~ V-tau cross
-1500  -1000  —500 0 500

(c)EB it PR — 2B 7 BR A1

X 2.1.2-4 IPMSM control patterns
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<5 XU PRE R R >

ST —PEROER (Pogyy) 13, X 4 1R T LD ICHBIEL (Py,) &AL v T 7K (By,) OMELTERLE
Uie. £9E@EEkd, X5 (rTi@, ~U—8RIcmn 2 ER () &4V EIR,,) LvROOENET. K
WAL v F L ZHRICEALTIE, <2 A4 "—=F>TilhR7z#b, DC/AC B EIFHNEHREZL, 7—7 &L
T LE L.

LN Z R E T, FFT7 —F o — "o /U —EKEGO/NT A =2 R LET. Z0%, 43
U BRI RB I AT T ABRFEELTWDINE I DEHEEL, BET - AR 0EA, K
2.1.2-5(a) (TR T H TN L ARBR A & LT-Spice & FWTHAT L 9. RICK 2.1.2-5(b) (ZAEHTHEH
R LET. ZORENOA M FT7ANCACLBREFEST LI LICEVRDE L. U b, K6
WRT LT R LA vy —RBIEWV) » B Uge), WY —EEKDO Y v 7 v a VIRET) %5l
BoF D, HREMNT 57 —7 N (Table(Vyg, 145, T)) AR A W2 L E LTz

¥ 2.1.2-5(c) (2T —PERIERZHET 2 E TOFIEEZ R LET. ZOMIrFIEOF R E LT, &K
AL F U T HBE LICET MENT 2 WIS, TR IS D7 N 5 R T

Psem = Peon + Pow o
Peon = Ron’és >
PSW = Table(VdSl IdS' TI) (6)

Parameters
from datasheet

UTspice
L7 Double pulse test —
o LT-Spice
> Table(Vd Ly T ) :} §L Double pulse test
sy las) 1 ’—L_ 1
af ] Setting Table [
(a)Vys, I 45 test results (b)Double pulse test’s circuit (c)Double pulse test’s flow chert

X 2.1.2-5 Double pulse test

2.1.2.2. WiZEHg - WAX—E UV RMET Y VT

WERMOET Y 7 TiX Amesim ZHWTET Y U7 2fTWE Lo, EEAL PR LET. RIT
vyvaryr7uazrANGERE, RE) # AL LT, HEECRENLE, B s EEBL, T
v RV ~DAITELE L. 70, fMSG#HE LT-ER REEZMKL, MK AT AL LTHK
ST D& D, RENBCOHUIRRE A T LTV ET

2.1.2.3. T /LD

Wiz, ¥ 2.1.2-6 (Zv A —>—/USimplorer)|Z}51F %, 4 FMU €7 /VOBHERHRE R LET. ZHHE2BF(C
% FMU & Simplorer HSRD /N> 7 VU « FATT — X 8t LET. HEERE LT, T XTOAHITHEAL
DI TFIEEE L TR DT, EENLETY. Fiz, TAZ—E U OREREEL, ~ A F Al
DSBREN T A DOl & 72 5 Z LIS HIEESMLE T,
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PN 3V e
) PN o fe
bsarthon PIN_Omegd

A
rot A
" . frce PaN Toraue|
tafe PSN MolTem,
PN | X
tobe DI tenTemny
=@

armesien_ifjerioce Treust i
&

L

b
EE
1

FUNCTIORAL MICA

5t b
J GasTurbine, Dynamics I::,;|

Battery
=) B L
=
O OR
i Cb,: Inverter, Motor, Controller

X 2.1.2-6 Model connection (@Master tool)

21.3. MEHORITT—42

FATT —2I1EM 2.1.2-6 e EosE 7 m y 7 CTRELLE Lz, 2O IEEE, B O &, HAHE %,
FNENFEL TR, ¥ 2.1.3-1 18, FEEH 100 44 F2E O FRBKIZ I T 2 WHE) e RAT7 —Z 2R L E
T. ZOTFT—FFarba—I~OfFSHEERY £

— Altitude Fuel Flow —— Speed

40000 1.2
i)
1.0 é'n
o
30000 =
— 08 ©
) &
3 =
i 20000 06 ¢
2 =)
el
04 8
10000 2
=1
02 £
-
/ \l -

0 0
0 2000 4000 6000 8000
Time [s]

B 2.1.3-1 Flight profile (input data)

214, RREAY—=ILDOYIaL—Y 3 VERE

2.1.4-1 {2 Simplorer (BT 5V I 2 b —a U NI A—FEFEHEEEZRLET. 255 OMHHE CArE
D 8430 & I ol — g VI E LTRHRELET.

AT T A XX, IR RORFERICEDLE TRAIZICLTEBY £7. PRI - RKAT v 7 A
ZEFHHETH Y, K 2.1.4-1ITRLET. ZOEIED, FFEBnks <, Fha<ianil, £hic
AOETEETLIIICREL TR £

Start Time O0s
Stop Time 8430 s
Solver and Tolerances TwinBuilder, 1ms
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Integration method Adaptive Trapezoid-Euler

Min. Calculation Step Size3.3 us

Max. Calculation Step Size 10 ms

Min.Output Step Size 0.01s (HA#EFR DY > 7 IVIER] 72 O TIER)

. Transient Analysis Setup

Analysis Setup Name

Analysis Control
[™ Disable this analysis

End Time - Tend |8430 Is _v_'
Min Time Step - Hmin 3.3 fus =]
Max Time Step - Hmax |10 Ims Ll

[T Use Initial Values

I =]

[ Enable continue to solve

Analysis Options Options l

oK I Cancel l

[X] 2.1.4-1 Simulation parameters setting I = L —3 = VR

KRETIVOMHTHERZ K 2.1.4-2 ISR LET. AT TIE8430s D7 T A MIBIT AT 24TV E L7z,
Alal, EET D M EET—ZIZLV10% T A NTHRT LA 7 Uy REXETD BREHE
OB U OBEREBARF N 51200 £ TT VA B LIEAERICRD T, 22T, we 2E— ¥ OEERIEE
[krad/s], H % @& B [kft], T Z#EIC002HIKN], 1, Z2F—2DOH b7 [KNml, vy, Z#E G
H)[— (ExoD)] & LET.

2.1.4-2 LV, fENTBHAAIEA 51200 s F TITBIKIZ D2 HE S IFRITE W Z L PR T& £

T Fe, TORMICBWTH ALY = PERT L7 D10 % 25 EE LT, =% M7 (1)
MY AL TWDZ EBRIRFICHRT 52 &N TEET.

ARIRHTAERIL, UV — 3 7 - PREEEELOEMICIS N T, RITI vy a7 a7 » A VGEE, &)
B2 EORBETHY, BEXBIEEOEELMKL T, T—XDOT A MLV, WikeiEHEz it
T eMTEE L. £z, FHBEOT A = DOHOMZERIZIB T D7 74 MEREHEZ LT,
HUTIAERTHD LR CEE L.
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<“—=_ w,[krad/s]

31113 [ —— . X
410 g 30

<+—_Thrust[kN]

--__——-—

0 1000 2000 3000 4000 5000 6000 7000 8000
Time([s]

X 2.1.4-2 Simulation results
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2.2. 1D-CAE & 3D-CAE OiEif

221. AEDEB (2020 F£~2023 £F)

WHETIHID VY2 b—va BT 4% FMI BRI E SO ET AR T o A 215 LT 72
— L TOETNAOEMNK S, EHERBE~OBANRA LN ThET, 4%, FMI 2{EH L7-E
FLOWEEEERETDHE, 3DV I al—a T EEE L THEEMECa Y I 2L —va v 0F
NE L PREINET, WG TIHBIAWVEHDT-OIZED X 9 RIERORENRO ST D 0FHAE L,
ZOEBFECOVTHREFT L, ZOREBEZMHT 224 HME LELE,

222, REY—ILEIHDEREY—ILDOIER
XL % Y — N OfER & LT 3REBICHBELO, FMI £ v % 7 = — 25 [T HHEREICOWTHA L
L7,

A) 1D v ab—% HEAFEAICH UERS., REMS TR EHWTER SN BERET VO
AL L, SR ETTRRERE UCRIET 5, HEMIT S AU T 5,

B) 3D v =l —% MFAIFHICESEFRERIELESE, K7 AR 8 & VT 3 Rook#kiE
ZBERUE U CHEBO R A R < o BT & MRt R A D o T L TCEL L EE LT DY
Al2iX 3D LT 5,

O UVT7NEALYIalb—F UTNAXALRETCOFETEZEEIC, SILS, HILS ETF 7 hE
FLOTI 2 L—2HIHT7T L) RADEEL L TEHENS D LTS,

FMI R — A _R—=VOTIEFMIL A v ¥ 7 = — A2 A4 58 — /i HOWTHERZ AL TWES, >
—NVAERE AL THEE LT D& R 2,21 IRLET, 2B, AXRTEHIVAT AV I 2L —
Ta =)V BRI TS T 2 AT 5 Y — b, BERBHERE ST D o T b DIFERAA L TV E T,

SNAVTFRT 42 —F TOMICR R E FHGEE TT N, LMY (CFD) ., &
(Structure) 778 TOFIH HE#EA TV D ERMEGR TE £9°, & PIDO (Process Integration and Design
Optimization) (I L-CHEH o2 FEETH 7 v AREY — LV EELET,

# 2.2-1 FMI 5t CAE Y — /L 0RER| & % (2000 4£)

Type Application ( Number )
(a) Multi Body (6)
(b) CFD(3)

(b) Structure (2 )

(c) HILS (3)
Other PIDO (3)

INEOREERRE 2, Y VEEOF A FIEERE L L 2 A HRX 2.2.2-1 ITRT4O0D2—R7
— RIS NE LT,
D 3DCAE Y —/L'% Co-Simulation (CS) DAL —7 L LTID VAT AV ab— 30 b,
WEREZHNTID Y —1LD Y L EFIH,
@ 1D ¥ A7 L% 3D Y —/~DOEEFR G L LT Import L T,
©® HESTrEAREY =L EHAWCTEH LR 3D T VOREFERZMEO L, ID AT A
RN TNEA LY 2 L—HIZTHEH,
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@ VTNAEALBETHE, ATAYI 2L —a VEFASERT A7 HOMEHE,

3D - 3D M OEHITIHA OHIPAN THER T 25 Z L3 HPR TV E R A,

Slave Master
(@ FMU[ 1D jmemp )

* Link 3D tools as FMU/CS = 1D/FMU applied as 3D boundary
* Coupling between server condition.

k - Use 3D solver \
/ S\a\e Maqter

AN

* Generate reduced models from 3D
(Map, state space, reduction, etc...)
\ * Execute reduced model in 1D /'

+ Operate FMU for RT environment

X 2.2.2-1 FMI & =Y — VEEOF] FHRER

2.2.3. 3DCAE E#nxEHE

EHEFNZOWTH 2.2.3-1~[¥ 2.2.3-4 1R LET, 7 —AOTIE, EPS BAFIZE T 5 CS EH] DBk
@R, CFD Z AWV REERAT & [EEHIE 0 2 > 7 L OBEGO LR PG ST Ed, BE T cs ox
Bll, CS il — -z LTc B 217V, FATRR A~ OB ERBEORF R EA4BEEL TWET, =
Valb—valrOERABEZHIIRDLIEPFRTHDL—FH, aIa=r—a ATy 7T XDK
ENCHEN D 572 ERHE SN TWET,

I — A Q) TIIHARARNT I X 2 MR B G L REL 2 IV IND AT v TR, R OVEL R 282 T
BT, EREIEIFIC 3T DRI D ZEALIZIE U2 O filE v <y 7 OBIRICHRIA L7 HE5 O &
DEINTWD, KFyr—ZATO FMU FIRHIZHTZ>TE 3D Y —a—HFiZt > TERBI LAY —L
BRI Tmf“teﬂ%ﬂﬁﬂ%wv%a ETET LAFHATEL2D, IERHICHFEDER LRGN E LT,

Angular | -
Master | Velocity §ave EMU
Full Vehicle| EPS
E Torque

Multibody—>(CS)—> CFD
3D MultiBody <= 1D CAE (a) Fuel sloshing on rough roads.
(a) Test of CS operation in EPS. s

CFD - Multi Body 0D Sim —> Structure

(b) Crosswind to MC and recovery control. (b) Control for continuous forging.
2.2.3-1 3D (slave) with 1D simulation. X 2.2.3-2 3D (master) with 1D simulation.
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| £
-1

0] o3 S T
55 e 1
i s -
CFD ->(ME)-> 1D Sim 1D Sim =>(CS)~> HIL
HVAC using SVD reduced model!”. Verification of 8-speed AT-ECU.
X 2.2.3-3 3D (reduced ME) with 1D X 2.2.3-4 1D with HIL simulation.

r—20Q (¥ 2.2.3-3) KO —2@ (¥ 2.2.3-4) IZBWTH, ZOEHDO—BNEE>TWVET,
FERIET LY 72 3D BT VORI A ERIZ ID I 2 Lb—3y a3 VICTEHATE . 5% oMERem L
FINTWET, £lo, VT AE A ATOIATITRENENOOH Y | IEFETITXISY — e n— T =
TOPERLTEY, BT ANRTA—ZOKGERE LV AENRER~EBITLTWETR, CS 2HWD
r—A& ME ZH\WDr—ApEn— R0 = 7REICLVEGEPRIIZRTHY . 20ROV T
LB OBFRVETT,

2.2.4. 3D CAE E#D#hE L FRE

3D T V=TIl E 5T, WERIIMY — LD a v I 2L — g U EEBTAEOIT—PIER
B (C ERBIC LYy — WAL L) 2HW=7 v 7T ARBPAMLETHY | N—Ta VEFHEST
v T — NMEORSFEIZRE 2 a A MPRESINTWE Lz, FMI IZX W ERL SN v ¥ 7 = —
2% WD IR G ERHECEEE T VAR SME L LCEMAT 22808 REE 725 LT, B
72— VAREOBFR b RAKIR & T 2R RGO E T, T D7D, ESCHBIEZER 78 & IIEIE DR
WERE TV A W TSR 2R IR G & DN RS L2V | 3D X 2 b—3 g OB OFLR)
s EJ,

FID VAT LAY I 2lb—va VT V=TIl o CERGHERSTO 3D REMRGEICTEA L, %65t x
Tayhu—7 45 ENHFFCEET, HIZ, SIL, MIL, HIL C—BLZET/VOIEHEN
5 10T 77 v N 74— AL TORBREDT-ODMRFEL L TOETAEH R E S A% DRMOHEIC
Ao T&ET,

—JT3D v ab—va VIEAZOET VBRI T HMAICH Y . 3D FHERF# S = X T
HV XY THDHIEIFTEDET A, WL GPU ORI 722 EEd b RN SLETH Y . A% O
RN SN ET, £72. FMI2.0/CS OFHKIZIBWV T Roll Back (BfEPRE R L) ~OMENA 7 3
AN TH Y OO DY — LR TIIRIEN A U A WREMES & 0 £97, RollBack (32T 4 7725R12%
WTCHTE D HEFEDA Xy SHPE CTZBRICZ ORZNE S R FIETT ., A A O CFD A3 A
REIZKIIS LTV DI — VIR TH O | EHEZ B & OBLRITITRRED R Y 37,

AEIOFHAE TIZRHUE 3D ¥ — VB CORLMERT 2 Z LR HREEATLER, E5o 3D vV —
NEBEE LTZER (SATF 7 4Py 7 ARETIRERE) R0 ETABERREVWGEEOT — 2 EE®E
WZR DA — "=y R EOFEEIZE L TEAHOMAEIZ THREFL720,

AHiD S %E ik
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(7) ANSYS 2019R1 Update = X F—

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

(9) Ming, Ulas, etal. “Functional Mock-Up Interface Based Parallel Multistep Approach With Signal Correction
for Electromagnetic Transients Simulations”, IEEE Trans. Vo.34, No.3, May 2019

HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG 87



FMI{EH AT A K (%) ver2.0.2

2.3. C/C++, Python ET VLAY I 2L —v 3 Y — LK

231. 1—RH5—2R

INFETOETHAMIN TS L IIZ, FMI FZ2HOEHAT I 2L —2a Yy —LZBWT, k>
Ralb—varDA 7 2—AD—2& LTHRHASNTWET, #ElSEZWET V%, FMI TG
LTCWEEHY I 2L —va Yy — bbb WnEd—7r Y —2AD v Ialb—ya Y —/LTHRE LT
A X, MOFE TR LTV D FET FMILIC X 2@ 2R AuUE LT, 22Tk, @kt
TWET AN, CICHEFES Python THEE S AL CWeiGH OERFIEZBIT LET,

A=A —A L LTUTD 2o EIFET,

22— AT —A1: BRI 2 L= EEHAV I 2 b— g Y — L B S H D
Z— A — R 2 B  EEEREET AR I 2 L — g Y — )L LEE SN

A=A —Z 1%, CICHEBRTHESNZAHREDO Y I 2 —FH50E v Ialb—varET
N FMLIZH S LAY I 2 b —va Y — L bl S ¥ 57— A T9, FMIL X C SFE0RME L
TA BTz —ABRHEINTNET DT, CEiBE~D FFI (Foreign Function Interface) Z#Fi>7'm
77 I EmThVUE, JRERIZIT FMU & OEEAFRETT A, 2 2 TEZEOFMITLB AL T,
C/ICHTHBINAMRB Y I 2 L—F A2 I 2L —va Y — L e R ESEL T — A% B2 ET,

a— 2 — A 2%, Python 575 CH¥E S Lot E - RIEFE DOET VA FMLICKHS L7z~
Ralb—varyY— L LER S L —ATY, T4, TensorFlow (https://www.tensorflow.org) <°
PyTorch (https:/pytorch.org/) (A& SN LHTE - TRETFEETNVEERT 24— Y —2AD 7
ATV EAHALUERSNTZET AR, 2o P=7 U U 7iE# Ok~ 2 Rm THOWL R TWET, £0
X 972 Python THESESNT-ET VA2, BV I 2L —va Y — L L ST —RAFr— A% E 2 £
E

232. A1—ARHT—X1DEHRA*
A=A — A1 EZRERTHHFEILTO 28 HY 7,

AT A BB I 2 b—FMITFMI Z#5E2 L, Al I ab—va Y=~y — Ly 7Y
7D Co-Simulation FMU & L TA AR — hT 5 5k

2 AT B: B R 2 L= FMU A >R — MEREZEML T, gl I 2L —Y a3 Y —h
5T/ AR—hL7ZFMU Z B4 R 2 L—F 21 VR — 95 Hik

FNEFENOT —%T 7 F ¥ %X 2.3.2-1 &K 2.3.2-2 1~ LF7,
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BRIz BRI —-23a2Y-)b

VI —

BEL117—

- BIEIF UL
-HBEXEY
-TCP/IP:&E{S
-etc

X 2.3.2-1 B8 I 2 U—# ] FMI 3 £ET 31848

BHEIzIL—4

(S]]
>zab—-33>

SrIE -
P

VIIN—

X 2.8.2-2 B#H I 2 L—Z I FMU A >R — MERELY EHET 35S

AT ADOEEF. FHYI 2L —2a Y — I FMU & LTA U AR— FESELHZHIT, K231
BUFLH FMI 2L A v —L@E LA Y —2RETD2LERH Y £, FMI F28 Lo v — &3 FMI A
FETERINTWVD CEfBBBEFETHLAVY—TF, FMI & L THELRBEIIZIEEL TR0
TN, UFOA—T V=RV 7 b =T ZHMMT 5 LRRNIAIET 5 ENTETET,

2% : Reference-FMUs
URL : https://github.com/modelica/Reference-FMUs
TAELA 25 HBSD 74U A

£ K 23.2- 1 IZBIFDEELAY— &%, FMI OFBEENFOHEEZL, By I 21 —4 %
PO 2 & TEDOEE BT S LA v —TF, Ziud, EEFOH L, ATV E L5 7rtEA
MiEfE. »2WIL TCPIP @ER EDOFETEATLZENTEET, 205 H, TCPAP @EEFHT
L%, BIZIELL T T4 72V 2RAT 2 & mERiEELsEHTEET,

£ %5 . gRPC
URL : https://github.com/grpc/grpc
Z A4 A : Apache 714t Z 2.0
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H A7 BEEHT LI, FMU FETLA ¥ —2RET 0B RH Y £3, Z05HA1F, FRICFHAT
EHA—T =AY T by =T IEH Y EFEAN, FMI OFEITET VA& LSBT FEET LN
AHETY, FMI O 3—T 3> 2.0 THIUX, FMI fL£ZE (Functional Mock-up Interface for Model
Exchange and Co-Simulation) @ 3.1 HR LN 4.1 FIZETET ANRHINTWET, F/-, Sx1F
E#Ir L7z Reference-FMUs (21X FMU # A4 > AR — N L TCETT IOV 7wy 7 b
fmusim NEENTVWET, ZNHESHT DL FMU A VR — MEREEZ FZET 272D NE % B
fR$ 5D Z ERARRICAR D £,

233. A1—RT—X2NOE/AE
22— R — A 2 HRBTHHEFIUTO 2@ H Y 9,

%47 C: Python LEERF L OH M Python 7’1 77 A& fAA AT FMU Z#REL, HHY I =
L= g Y= YR T D,

%47 D : Python B&55(Z2., FMPy ZF|fH L7= FMU FE{THEEZ BML C, FHY I 21—y a vy —
ViD= AR — K L7z FMU % Python BREEICA AR — hT 5,

ENENDOT —%7 7 F ¥ %K 2331 LK 2.3.321TRLET,

mRYzalL—232Y-)b

FMISE=LA 17—

Python{LI2 %

B+t &Python
J0J5 A

X 2.3.3-1 Python LB R ZH AL TZHIE FMU %2 £ET 554

PythoniRiE

B#t&Python
J0U35 A e
>zi1b—33>

€= UV

FMPy

X 2.3.3-2 Python BRI FMU %4 ' R— M 384
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2 A7 CTTMN, FMI E& L A ¥ —% Reference FMUs 72 EZ2FIH L CTHEET L Z LT A 7 A LTH
CTHM, ZA 7 C Tid Python 4% 4 FMU (ZHAIAA £ 4, Python JBLRIIMMDOT 7Y Fr— 3
VNHHAATEREZ Ff > TV D DT, ZNEFIHT % & Python FEITHEER £ 2 Z & FMU IC/AAT 2
ENTEET, 2L Y FMU OFBEEAFHEN 2B H 48 Python 7’02 7T L& F4TTE 5 L 91
RO Y I a2l —ya Y — Ul b A5 L Python 70275 L% FMU & LTEIfESE BN D LD
2720 9,

UL, HEMRE LT, AfE Python 7’1 77 A8, BFEE - REZE 714 7 7 U 72 ESE DM
FATTZVIKEL TV DG b b FMU ICFEMET 2 L8RS Y £T44GF7 (4 77 U 24T FMU
WA TEX A 2L  BLIOFMU & LT I 2L —2a Y —iif vR— b LEBAICEFRLNIE
L<EWMET 2 Z & ERIBIHGET 20 ERH Y | & HREHIA K EZ VW Python 7’1 77 A% FMU (Z[FIH#
T2 Z LIFBEMITITRANE L WGENR LN T,

ZA 7 DIid, AEDLI2ETHHEN L TWD FMPy #Ff L <. B4 Python 7' 2 77 412 FMU
FATHERE & A+ 592 15T,

47 . FMPy
URL : https://github.com/CATIA-Systems/FMPy
TAEL A 25HBSD 74U A

FMPy X, 1.12 fiCHRMLTWA XL 97 GUI ZFIH LT FMU 23735 Z LN TEET2, FMU
FATHRRETZ (T ZBEAF D Python 7' 1 77 MIAEGITHAAT Z LA TE LT, ThERMMATIUI. BED
Python v 77 At FMU ZAEbE CTEMESE 57 1 /7 A% Python TEESTLHZ LN TED X
IRV ETF, ZoLE, Python 717 F AMillx FMU THh 5 LT\ O T, #FEE - RERE T
TNEDLEDTHH->TH, FMU L#EEIEL L5727 07 T L% THZ ENAEETT, #4147 C X
D HEBENEG 720, Python 71077 AL FMU 2 SE- WS, ¥4 7 DICXVERTSHZ
LA LET,

HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG 91


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

FMIJEH T A R (fF6k) ver2.0.2

2.4. FMI (ZHERL L 7= FH#mE 7 v 2 /L (CAN) D 5]

241, EIETBEET7—FTIFvHAREINIEZ HFE

VT MU =T BRI O LVMIELZRIEN T2 L9y, 2a—FoT7 TV r—va V7 hy=T
IXRHEA L, BHELT 57T, SW ORI FIEL, ®ERBEHHRKICE o T, K0
iy E L,

E/E 7 —%7 27 F ¥ OELIZEN, Z< DT AL AREHENLHBMICHY . 6T /3 ZTHEH S
% SW [EIEASFH ALICHE S 7 IRE T SW RRGES M T,

BT S ARFI, FE B CEAUSH A L7 SW RGEN T2 £4728, BAR KA £ TR
HRT, RELRFRYDBELET,

Flo, TAA ABEY I 2 b—v g VEREAFIATIUI R SWBRICEFCEET, Ll A
HTEP, HEOT AL ANEHELIZ VAT ALV ORIEN R ET A, ZDd, BE LM
FUFNESWRIEL 220 | WEOMHRDPEHE L 2> TLEVET,

242. INFTNARABBAL I 2L— a3 VIREBEOBME

NASF—Y—)JL (Simulink)
FIfEH T T w4

BEETRAFMU S RFMU
(ETH - CAN)

\EATUT - W\ER U T
(PCle - ETH) {ETH - CAN)

VPF VPF
(V4H VDK) (S4 VDK) (U2AVLAB)

WEY>TILswW WEY > TILSW WET>TILSW
(LinuxBSP - Div) T (AUTOSAR MCAL)

K 2421 v AFFAL RARTL I 2 L— a VEEBEOER

c INANTFTNRA ZARABRAY I 2 V—va VREOHME

[TV FFARL ZABRA I 2 L— g VBREBEOHKRK] 2K 24.2-1 17 LET,

VA AL, FEEEL TT N AMEMRAESER LY 7 Y = TR ARG T AT T NA R
ARy I 21—y a VEREEZREL TV ET,

- v ALY — V(D& T VPF 2K 5 ki3 572 O FMUCG2) KOl 7 v o7 m » o

+- FMU & VPF 2455t 2720 D@27 U 7 |k

- B RO A BT S VPF(*3),

- fHE BT 2 VPF ECEIfET 285 7L SW
ERATLFE T, FEOAFRNCHASR LY 7 by = 7 BRFEZRMGHIR E T,

VPF ECBHRE LY 7 b =T 3EETHLENET D720, FEEATHRICEERL, EEETHOY 7 |
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U =7 BYE - MEEE FERHDEE T, TS LD RENSH AR S iz SW OBZE A Bntk, BB
TOMBEREA TR E 20 £7, (3w AZY— A KOVPF X, #{FHSNDHIZ L0 AFRLE)

(1) = AZY—/b 5% VPF OBEZ T LRGEESE D 7200y —b
(%2) : Function Mockup Unit(FMU) 3223y — Lz #ET27-20DFT/V IF THD Function Mockup
Interface (FMI) \Zf€V, Y — I Z BT 270D TA 7TV, v~ AZY—LnbA VR— T 5HT, «
AL — VN TR A Bt AT REIZ 72 B

(#3): Virtual Platform(VPF)  SEEE[FIEED SW 3 EATRIEEZR, SOC P MCU D> X = L—4#,

243. CAN ETILRTDEHED=-O DR

[FMI CTHzft S 7= 7 VIEICEIT 5 CAN @fE O FEBAIEI 4K 2.4.3-1 17 LET, FMI TiE, £D
L OBRRPBE A I T TTF =B EZEIMTADMICONTER L TWETA, BRI RS ERRIC oW
TEHERPOY AL, EONRTA—ZEED L DIZHERT H00E, FIAEFEEEICR>TEY, FMI T
DEFIARE ED D LERH Y 7,

ZOD, AT TAAL ZAHBIY I 2 L—3 3 VERE T 2.4.3-1 @ FMI import Block [F] 423
Bt 57200 CAN ORI Z R E L E Lz, ZOMARICHE L 72 FMI 2 £ - 7= 7 LA+ Thi,
BBy — N Th - CTHERATREIC /2 D £7,

NAS—Y—)L (Simulink)
HES > FLJOov o

Simulink (51 : CAN)
10

LT R A

—

\

FMIFEERDTZsHD
FMUS-JSU

WEH > ILSW

T EI"J'I..
S FILETIL

X 2.4.3-1 PMI CEE ST VBT 5 CAN BfE DERBEFHikE

(c
{C

AN
&7
AN

soc¥=i1L—#
(S4 VDK)

MCUZ =1 L—%
(U2A VLAB)

BED>IILSW
(AUTOSAR MCAL)

wEH ) LSW
(AUTOSAR MCAL)
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244, JALFTNARABAL I 2 L—Y 3 VREODRAFERKR

4[El, R-CarS4 K% U RH850/U2A % CAN #:fi L7izv A F T30 AW R = L—v 3 VEREE A7
TLELE,

(Introduction of Virtual Platform Co—simulation | Renesas) |{ZEEROEELZFEE L7-T T 4
DARSNTNDDT, TBRFIW,

%72 .R-CarS4 }x (N R-CarV4H % Ethernet #f5t L 7=~ /VF 7 31 AW I = L— 3 VEREES,
CAN X° Ethernet /X2 & L 72 E7 /L% Simulink BIZHE L7 BREO KRR BTV E LT,

ZD Xz, FMILIC X 2WE7 1 b afrod@mlt (AB) 12k, B sy — LR+ o
R0, R I 2 b—a VERERICEIT S, R8I SW BREOETICL Y, SW OfENS v AT
LR ORER A2 RET S SW 77— FOBHRBICEIRTE 5 RiIALZHEE LT,
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FTIE Fa—HFITH

ZOETIE, FMI Z2{EH3 27200 FZ KRR FIEAZHE L £ L,

3.1. Fa— kU701 :FMI 2> THL9
311, HYUTILETILEEBELELS

HE)FEAT S A — L =T O BB HHIH & E7 VI EB S S—VICHE LY U VT T L% R
WAL TY I 2b—va rEFTLTHAEL LI, ET /ML, 2018 4 5 A O BB HHEIFSEF RS
12T, ¥ WG Tl LTIBEoRFv—2 27 V2R LET, (1

7 7 A V4 : Sample_3pl.zip CZIP 77 A NVITIZLA T A D 7 7 A VDB EN TV ET,

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

ARIOFEIL, FHE2RERTRS o ANET LT L0 T, FMU I FRRICTER STV ET,

Version : FMI 2.0
Type : ME BXOCS
Compiler : Visual C++ 64bit
0S : Windows 64bit
FMU1 FMU2

-

X 8.1.1'1 EFNLAOHR

F9NE, Import IZKGE L7V I 2ab—2a Y — L aHETHMLENRHD 3, AfF 2.9 HiTHRML
72 FMI A" — L= IC CEFHH O Y —10 FMU Import SRt 2 MR L T 7EE W,

YA RHETENL, ETIEFMU 2BV IALETH, TOFIRIERY -V Ko TR £30
T, I TIERIELES,

IELSIVIADIZTL L HIMN?

LIFEIX. Simcenter Amesim TOEITH| A THRIM W2 LET,
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3.1.2. Model Exchange T2 alL—Y3>L&5
3.1.2.1. fR¥E/NT A —Z THELT

WIZ, WMVAALTE FMU 28kt L CW&E £9, £71%. FMUL, FMU2 & (2 Model Exchange % fi
WET, EFNENO FMUIZIZ 1 AT, 1HAIOHRTH D%, WIFO FMU O ) & A% ST I,
MR 3.1.2-1 DX D ITHRKTE 21T TT,

FMU1 FMU2

fmy fmy’

X 38.1.2-1 FMU DO#:6%

i

WIZFMU O/8T A—Z 2R ELET,
3.1.2-2a, 3.1.2-2b M /X7 A —%”path to the unzipped FMU root” (7 —/LiZ LV #720 £9°)
I, R U7 FMU o dll 8z e LET, I alb—va VETRKIZIRZIOT RLAIZH s dll
EIESOTHRANEE T,
O OIRE DT F R ZAT O RBEROWHIE T, ZHEAETT N, ETIEZOEFEFOREL L
T3, #RCOEBIIHERAT LY — MKW FRBER DD TTEELIZEN,

Parameters

l Title ‘ Value [ Unit [
@ inertia.phi - Absolute rotation angle of component » 0 A rad A
® 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
| path to the unzipped FMU root -./FMU_J1_Casel Dymola_ME_J1 |
X 3.1.2-2a FMU1 (Model Exchange) /%5 2 —#
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.phiO - 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 [J Import parameters

enable loggin, no
I path to the unzipped FMU root .../FMU_SD1_Case1_Dymola_ME_SD1 I

X 3.1.2-2b FMU2 (Model Exchange ) /X7 A —%
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i, FMU [ZRE STV D Default ©/87 A —Ft v h TV =2 b—r 3 VEFEITLTERE MR
LCHEL XD, W% NjL & hvZ TgSD XK 3.1.2-3 DX ) flf /o= TL X HIM?

[rad/s]
0.6 o

0.5
04
03]
024
01

0.0

| = Nj1- Absolute angular velocity of lange as output signal [rad/s] |

[N.m]
0.0

-0.6 -
-0.8 -
-1.0 4

1.2 -

-0.1
0

[
® Time [s]

X 3.1.2-3

3.1.2.2. /5 A —X EIEH L TET

b/ A

1 14

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

T T T
2 4 f 8 10
¥ Time [=]

Valb—ya UkER (Model Exchange)

TA—HEER L THEL L O, HRAEHE BT, ZFrer 72 R<BELET,

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 sprinmh 0 rad

I daméer.d - Damping constant 1 N.m.s/rad
fixed.phiO - 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 [J Import parameters

enable logging no

>

path to the unzipped FMU root

../FMU_SD1_Casel_Dymola_ME_SD1

X 3.1.2-4 FMU1 (Model Exchange) Z¥ /87 XA —#

NRIEH (spring.c - Spring constant) :

BAED”1 [N-m/rad]”’ 5 10 50710 [N m/rad]” ~Z
> A ¥ 7 (damper.d - Damping constant) :
HFAED”1 [N-m-s/rad]”’2>5 1/10 ©70.1 [N-m-s/rad]” ~Z 5

B Ialb—rarzFT LT, REHERELTIZEN,
[lEEENj1 & hv 27 TgSD 1ZX 8.1.2-5 DX 5 iR LR/ TL L 90 ?

| = Nj1 - Absolute angular velocity of flange as output signal [rad/s] |

| — TS0 - Accelerating torque acting at flange (= -flange.tau) [N.m]

[rad/s] [N.m]
0.4 o 0.0 ]
0.3 —_ ]

1 -0.5
0.2 i
0.1 ;

4 1.0
0.0
-0.1 —_ 1.5 4
.0_2 —
-0.3 ] T T T T T T T T 1 20 T i T T T T T T T 1

0 2 4 f 8 10 12 o 2 4 fi 8 10 12

¥ Time [=] ¥ Time [£]
B 8.1.26 ¥YIal—va iR (ME: 7 A—XEERE)
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3.1.3. Co-Simulaton T~ Xalb—3av L&
3.1.3.1. fFHENRT A—Z TET
KIZ, Co-Simulation ® FMU Z BV iAFr, ET NVEHHRE LT A =X HMR L THEL X 9,
N A =2 DHNEIL, Model Exchange If & (FIX[F U CT 25, Fild 2 2034 FMU TH 2 TV ET,

> co-simulation step size

> co-simulation step specification
Parameters
lTitIe | Value i 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 :
inertia.) - Moment of inertia 1 kg.m2
TgSD - Accelerating torque acting at flange (=-flange.tau) - start value 0 N.m
v [J 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
X 3.1.3-1a FMU1 (Co-Simulation) /35 A —#%
Parameters
[Title Value Unit
7@ 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 [3 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_Casel Dymola_CS_SD1

K 38.1.3-1b FMU2 (Co-Simulation) /85 A —#
ZA BT, Co-Simulation 21T 9 BROWBERIEARET 5837 A—4 T, ZZTHRLEINDH/NT A—
A DOLENL, BV IABBOY — WL W BB Z 03B 0 £, AL, 70.001 [s]"23@EHME & LT
FEINTBY., ZORBEI &1 FMU ~OAARRD 20 SnEd,

ZH T, FMU IZRE STV D Default D/ X7 A—Z &y T Ialb—a y2FTLTHRE
B L THELL D,

MlEEHNj1 & hL 2 TgSD 1Z[X 8.1.3-2 DLk 5 i &R o2 TL L 971 °
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—— Nj1 - Absolute angular velocity of flange as output signal [rad/s] I — TaSD - Accelerating torque acting at flange (= -flange.tau) [N.m]

[N.m] |

[rad/s]

06— 0.0

0.5 — -0.2

04— -0.4 H

03— -0.6 -

02— -0.8 +

0.1 -1.0 -

0.0 1.2 4

-0 -1.4 T T T T T 1
0 2 4 a 8 10 12

* Tlme [s] % Time [s]

X 3.1.32 ¥Ial—iarsiER (Co-Simulation)

Model Exchange [FI#D > I = L—v 3 VR B ALILET, Lo L, Co-Simulation #17 9 ESZiX
WIS MR T FMU O A )1E—EfE & L TH#iv, Step Delay 234 U £ (K 2.4.2 fiE M),
DOFEITIE, 0.001[s] & W 5 HliA 72 @AE kR e O TREITNEE T, HIFEROY 7Y U TRGEE N <
LT (0.0001[s]72 &) 77 7 &R L THEL X I, ¥ 3.1.3-3 D L 5 (ZIBEHIFRED 0.001 [l (55 H A
BEBAOICZE LTV D Z Edban £,

— Mjl- i i —— TgsD - Accelerating torgue acting at flange (= -flange.tau) [N.m]
[rad/s] | Nj1 - Absolute angular velocity of flange as output signal [rad/s] | [N.m]
0.3355 -0.4080
] -0.4085 4
0.3350 o E
B -0.4090
0.3345 -0.4095 3
0.3240 _: -0.4100 E
] -0.4105
0.3335 4 E
] -0.4110
0.3330 -0.4115 3
T T T T T :‘.‘|...‘|‘...|..‘.|....‘.‘..
1.4200 1.4205 14210 1.4215 1.4220 1.4200 1.4205 1.4210 1.4215 1.4220
¥ Time [5] *: Time: [z]

M 8138 vIal—iarviER (X38.1.995K)

3.1.8.2. T A—HFEET L CTHELT
WIZ, NTA—=FEERLTHAEL LS, FMUL, FMU2 OEERREEZHEE L ET,
> B1EME (co-simulation step size) : HAFED70.001 [s]”7>5 100 {F1D70.1 [s]”~ZE

BIEREREAHL 7220 BRI RN R 20T < o TCnET, F72, BIERIKE 0.001[s] Df5H &tk
THE FERNE > TNWDZ R RTENET, Co-Simulation Tlk, @ Z@EMMREORENEIET
HDHZENDLNPY ET, FEICOVWTIT4ETHRRETOT, 2552 IT8HI I,

[:‘:’,5] Nj1 - Absolute angular velocity of flange as output signal [rad/s] 0.1 [s] interval [N.m]
— Nj1- Absolute 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

0. 6 ] i — TqsD - Accelerating torque acting at flange (= -flange.tau) [N.m] 0.001 [s] interval
-0.4 —

05 1

0.4 - -0.6 -

0. 3 - 0.8

02 10

0.1+ 1

00 ] -1.2 7

0.1 1.4 -

02 i b -1.6 I I i I " 1 1

0 2 4 i 8 10 12
X Tlme [5] % Time [s]

X 8.1.834 ¥Ial—val R (CS: T A—FEHRIH D L)
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32. Fa—hrUTN2 :FMI #/E>TH LD

3210, YUITNETINEE>TFMU ZERLTHES

Y TNET IV HBEETR A — ANV O H BT & TV R B RS VIR L T E
To BT /VILL 2018 4F 5 A O HBHEINSEFRRIC T, A5 WG THRELEZBEONV T~ —I7 ET VE
AL xS, (1

7 7 A V4 : Sample_3p2.zip CZIP 7 A NVITIEBLF D 7 7 A VDK STV E T,
# 321 VUILEFLOHE

Model Exchange ®A4 U ) /LE7 /b Co-Simulation 4V ¥} /LE5 )L
VBB Y — v FMU1 H FMU2 H FMU1 H FMU2 H

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 2DEF/ANIC 4 FREEE THAIHS L TVET)
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 — —

# 3.2 1ITHIET Y — N EBRHELTHIUEFMU 24 L TAE Lk 9, 28, FMU ORI,
T 2Y =/ X0 FIEARRYD T3 OT, FEMITY —DO~==2T7 a2 TZRT IV,

Z Z Tl%. Simcenter Amesim % A\ 72 FMU OAERHIZ2 ZH#HEA L £9,

F 3. Co-Simulation DAYV P FHNLEF A THD FMUL D J1_Amesim_CS.ame ZBHWTL 72 &0,
32.1- 10K L 22D £, ZDOET/MITTICFMIA v X —T =2 —A 7 a v 7 BRHASHTEY
FMU % AERT 2 A TE TWET,

(FMlf 32 —-2x—-270w%7)

rrmo ‘_)@—)[ NjL  FMUJL  Tgsd J}
! [rev/min] [rad/s] [Mm];

o !

LL:I = -I i

OO=( =0 :
Fiba - 3 13-+ | (]

N 1.:.-

X 3.2.1-1 FMU1 /A J1_Amesim_CS.ame (J1 EF /) DRERK

FMU OARIZH =0 . AN OBGLR EESOIEADMEITEET HDHERH Y £7°,

ETF NGO N —E, BEETA RITA HESOTIRELTWET (KR 4.1.1 i), =51
OS2 T L OB SIMSL AL R Z2 8T 5 720, \lfiskkiElrad/s], b2 iZ[NmlE LT £,

Amesim TIX[E#EEE > 23 [rev/min] 2 7132 DT, 7 k" CHALZEHE L T Nj1 2 H 5 L FMU2 ffil~
HAOLET,

FBHEOEADMZIZONTIE, TRLXFY =AML RILF T T ~iIDF RN RLEXOIEDM
TLRVET, ZTOETATIEH, MLy Y —ZA>AF =2 % >FMU2 fHID/SFR A+ F 2 SO FRAVINTES
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MIZdH72 0 E£9, FMU2 I GIRAT D M7 1%, =R VF(REEHHFEIH OT, £ F—T ¥ RIE
FEOEEE & 72 DAL, BT ST 570/ FHO M7 RS TL 52 &2 £7,
Amesim DET /L TIL, ZO M7 EZEFAEERZRLTNDLED, k" T—1 D7 A E=NTT, EQ
D& ZEKIETHET VL TCOET, ZOFEFO NI IZRL T, MEEOIEADRNTY —LET
NOPED FIZL > TR ETOTHEENLETT,

7 V% FMU IZH 714 5121, Interface > FMU Export Assistant 2@ L T< 72 &0y, 3.2.1-2
DI AP —=FRDOA =2 —|{Z>TFMU 24 L £,

FMU Export Assistant ? X

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

Export settings FMU type and version

‘ Co-simulation 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 I

["] provide directional derivatives when applicable
Embed tables

[ FMU for real-time

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

o] [ ] [t |

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
® Microsoft Visual C++
O GNU GCC

O Intel G+

Preparing Cfiles...

Compiling FMU code for target win32-ve...
64-bit compilation
® Microsoft Visual C+
O Intel ¢++

Compiling FMU code for target win6a-vc...
Genera! ting FMU....

Additional ilation settings: FMU generation succeeded.

[] Generate log file
End interface generation -> OK

FMU generation completed.

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

X 3.2.1-2 FMU Export Assistant

£ [E)l% FMI 2.0 @ Co-simulation Z17W\E T DT, %473 5"FMU type and version” % &R L £ 7,

WIZ/RT A —=F DFER L)L EPRIET D T2 Visibility level: exposed elements” % #% & L & 7
23, ”User-defined: expose only the watch parameters and variables” #3942 &, FMU ([Z£/R7 5
IRT A= FRBEREALEITHRETE D720, BT A% O FMU ZFIHT 202 & > TREWSWET L
LEAET, BARMREMNIT, 33H THHILET,

ZO%, HHT a0 TERIRLTFMU 248 LET,

& HEESr S BEERIEE 7 AV EMERES FMITEA - REAKE WG 101
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FMU AR TELDL, BUOBUAATY I 2ab—ya v &2FTLTHAEL L D,
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322 WMEBHBINTGA—ADHRTLELD

FMU ZAplfIC, EERDETNVOMED FIZE > TE Y ab—va URERICEEEZ 52 RWRER
WIA=BNERRENDZENDHY ET, RERNRTA—ZREHNRERRIND &, FMU ZH 3 214
DIRELZRL Z L2722 77,

ZIZTIE. 312 0% T ET VT L7z Model Exchange @ FMU2 % )| L £9°, X 3.2.2-1
DIXT A —H7speed.f._crit — if exact=false. critical frequency of filter to filter input s...”| 32 ¥ A HE
LROTRATHETD, FERIZIFZZONTIA=FEZERLTHUIab—a VRISEEL G X F
Hhe ORI RIENRILZDTL X DD

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
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 [3J Import parameters
enable logging no
path to the unzipped FMU root ../FMU_SD1_Case1_Dymola_ME_SD1

X 3.2.2-1 FMU2 (Model Exchange) /35 2 —#

FMU2 #4554 BR10DA4 U F vEF 1% Modelica TIER L TEY | 3.2.2-2 ORERL & 72> TV E
7,
ST 5 Y — &2 BRH THIUE SD1_Dymola ME.mo (SD1E7 /L) #BAWVWCAHAEL X 9,

fi
| Model Modelica. Mechanics | we
Rotational Sources Speed VoW " &

=1
| L lorqueSensor

& = damper
I ot /;I; vl : —O—D:—G—
I o J—_— ,J b1

fied

X 3.2.2-2 Z VU PF LD Modelica (SD1 &5 /L) DHERR,

ZDETIILTIE “Model Modelica.Mechanics.Rotational.Sources.Speed “%fi-~>Tkvh, ZD7r v
T DRTA—=FRK 3.2.2-3 12720 F T,
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i Parameters for speed

Name 1 Value \ 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

X 3.2.2-3 (SD1E5 /) speed D/XF A —&

INT A= erit’ 3 D F I3, "exact” ) false D & X DAHIZHNZ /Y 9, FMU Al IZ7exact”
Ztrue” CRRET D &, FMU £ARZITEREN T EHA,

L7 - T, 3.2.2-3 T”speed.f._crit — if exact=false, critical frequency of filter to filter input
s.OEEEHE L THEL L7220 £,

ZHE b FMU AT DB crit" 2 B HA[RE/R /N T A =2 L L TR 722D Z 28572 DT,
BRI NTG A= B ROBRDOIHRRTEDLLIICHE L, BHEOMLENRNRT A —2 &S5 2 &3,
FMAHEDOIREZB < Z LIZERY £,
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33. Fa—FUT73 : YWG Ry F~v—7 T /LD

2017 45 10 H o H#HEHENFES ABZEE S [FMI (Functional Mockup Interface) |2 & 2 €7 /L4
2] X 2018 4 5 H @ 2nd Japanese Modelica Conference T L7224 WG DR F~— 7 E5/1[2]
EHREICT 2 — N U TV EED T E E9,

3.31. YU TILETILDOEHA

ZOHWMETMEIRTFAN, NU—=R A RIATTA v¥¥, ATT V7% 550 FMU
THER L T Co-Simulation 24TV E7, BRI 3.3.1-1 ZHEE L TR IV,

OS 1% Windows64bit ifi, FMI2.0 DARIZKE L TWETOTIEE L ZE 0,

YT NET VT HBEENTE AR — AV O EHEGE LT VHIEES -V I Xy e —
RCT&FJ,
7 7 A V4 : Sample_6p2.zip CZIP 7 7 A VIZIELLF T D7 7 A VDS S LTV E T,

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
P73 27 L IF EFHE : Sample_6p2_Y 7+ 27 A I/F EFE xlsx
Izl —a UHER : Sample_6p2_Result.txt

Manual

Engme
A "

. Transmission

. 5 N LD [Nm *  Differential
Manual Steering }%‘%ﬁ"ﬁ ¥ [ra d] J ‘fﬂ_ 5 4 [ ] Gle airen ial
4 ; : ¢i AL - B4
;'?“’ I R = Propeller Sha
i - %7\”‘” R SOMuELTT R
F Y " % Upper Z [rad/s] £ Driveshaft
_ o Gas Pedal 5 - L _ :

| SYUAIE g ~[ , BESREIES N,
P [rad/s] [Nm]

Suspension

X 3.3.1-1 RyF~w—7ETNVOME

EFPFIE HEHTEZI 2L —2a Y — A ~550FMU 2BV AL £ T, BVIARFIET, A==—
HEE CHET 256 Explorer "5 R7 v 7 & Ku v 7728 — il Lo TRARVETOT, ~==27
NEZBLTEFIW, 28, &% FMU OWNEICOWTHD 72WIEEIE, ZIP 7 7 A MIZFERR L 727 2 A
7 5 I/F E£7%6E (Sample_6p2_V 73 27 A I/F EE xlsx) (CHMEEZTH L TWET,
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3.3.2. ETILOHES

W, % FMU Z#eft LET, £ 3.3- 1 2BBICHH L T FIW, fkAD Ny F U 7I3E=4 HH D
To DR IIE A L EE A, M 3.3.2-1 1TE7 VNI Td, & FMU QMG IE AT ARG
NI o TWET, AT LY — I X0 EERREOREITR R 5720 ZTHEL IV,

FMI{ERATA (&%)

ver2.0.2

# 8.3-1 AHA—ER

FMU |35 F UG £ s FMUJ FMU s Uit F
EEEE == AN ifF 22| an H s F ==
Q utch Action@xpseu [-1 v 7y F 1
1| driver |Fngi ne_| oad@xpseu [-1 Ov hVERRE 2
|Gear _position@xpseu [-1 VA= 3
Steerin Angl e@xpseu [radl |#frf 4
3 1 |=|_1 [Noropshaft@xpseu [rad Pr op/Shaf t [B] #5 ¥R & | \Neng@xpseu, [rad/s] |T > > [A#RHEE 1
1 3 |=|_2 |Gear position@sxpseu [-1 ) b AT 2 Pover |Nel ut ch@xpseu rad/s v F 18 pE 2
1 2 |=| 3 |Fngine_l oad@sxpseu [-] 0w bIVEAE Train |Tpropshaft@xpseu [N |Prop/Shaft by 3
1 1 |=| 4 |[Jutch Action@xpseu [-1 759 F
2 3 =1 |Tq TM [N [Prop/Shaft b2 O N _Propshaft [rad/s] |Prop/Shaft RIBRE | 1
41 7 1=12INR [rad/s] [#2 haf t E#EREE| 3 L."’e Tq R [N | #D/Shaft b &] 2
4 | 5 |- 3 INRR [rad/s] 2 " |o R [Nd |z 80/ Shaft b o] 3
5 2 | =] 1 IsteeringTranslation [ LivA= [position x [M |EmE L EXAE 1
B[0l| =] 2 [FrontRi ghtWeel Tau [Nl |E1H#D/Shaft b L2 [position y 2
3 3 |=|_3 |RearRight\Weel Tau [Nl |#FE#D/Shaft b )L lposition z 3
|EEEL0]| = | 4 |FrontleftVheel Tau [N |8t L 4 | chassi s Front Ri ght Wieel _w 4
3 2 | =] 5 IRearleftWeel Tau [Nl [###&D/Shaft b L2 | Rear Ri ght \Weel _w 5
Frontleft\Weel w  |[rad/s] | 6
[Rear Lef t \Weel _w S 7T (o) & 7
steering force [N Z v o EhH 8
1| 4 ]=] 1 lsteerAngle | [radl |0 5 |steeri [NA[s2aE b1 s 1
4 8 |=1_2 lrackForce N [5vzeh teering rackPosi tion [m Z NE 2
steeringhl..
Steering
> const >
powertrai... > | i
e _ _ S
< PowerTrain o = fMI_OTest_FlatPad_...
. ds_simui.. | S ———————
driver_FM [
o
Driver Driveline Chassis }|
|
—
X 3.3.2-1 &5 /LIS
3.33. FSA/INETILD:REA

3.3.3-1 [Z/RL7=2 & 91 Open loop DHMRANHEIELE L TCWET, v=2T7 NV EF T AIvia
VRED T, 7T o FERMEANIEL L, B S 5 EF Y E CIEREEL TWVWE ET,

1.2 4 Open Loop Simulation 6
1
0.8 5
0.6 n
— I [ 3
0.4 (A | | i1 4
Steering/ Q-2 | | 11 | 11
Accel o L Hj Ll :T: [ SGean’
Clutch ! ’
0.2 ¢ 5 10 15 20
L2
-0.4 -
0.6 - f‘«ﬁ_é'l pedal .
-0.8
1 Steering Angle Lo
Time |s]
X 3.3.3-1 FZ7ANETFT/NOBEE
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3.3.4. FMUNS A—3DETE

T 7 F IV FDRT A—2TiL, IEHW (EHEAE) OAT TV U TEEICR L THX A YR AN TLE
S7ed, RELELTHLENRDY £, K 3341 FATT IV ITETVOMETT, RIANET L
M5O AT steerAngle” |2k} LT, "rackPosition” DR EN R % iR X E 572, R TR LTZ"gs1” 7 1
I DINTA—REEFLET,

steeringAnglewerSensorl
-..‘J P 4
steerAngle 3 Bl 51
ri201 l@s LI ¢ al
'|G(s) ~ B R
2 b1+b2*s+b3*s”2
al=1
steeringWheel {b1, b2, b3}={1.0,0.001,0.00001}
steerTorgge o
o
5 4
rackForce 2 beta
& l—
hod
g steermgci
g y N

steeringLink

-nsorl Q — 0
3

function1

rackPosition i2RO1

e  §x)

X 3.341 ARTTVVIETNLVOME

SimulationX OF T, 3.38.4-2 @ X 912 Parameters ¥ 7 C&HEL F7,
> 2 WARERS D1 (gsl.AlLD : BifED "1 [-17 226 7—1[-]" ~E£®E

il Y
[ ] Properties - steeringMechanismRackPinionInMetricl (Model) g
Parameters | FMI Settings | Master Algorithm | Results | General | 4 I
Numerator {al0,....am} 'gs1.A[1]": H = - ﬁ
Denominator {b0,.__bn} 'gs1 B[1]: L. E
Denominater {b0,._bn} 'gs1.B[2]:  0.001 E
Denominator {b0,._,bn} 'gs1 B[3]':  1.0000000000000001e-005 E
Min. calculation step size 'settings.dtMin': le-008 E
Max. calculation step size  'settings.dtMax': 0.0e E
Absolute tolerance 'settings.absTol': 1e-005 E
Relative tolerance 'settings_relTol': 1=-007 E
Integration Method (0: Ad._'settings.iMode': 1 E
Max. solver order 'settings. maxOrder': 5 E

> | Zd ® 2 @
e

X 8.3.4-2 ARTT YU TDONRTA—ZFE (SimulationX TODH)
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335 YRAY—ILDIIalL—IaVEE
RIANREF LT HOBIENTET T LMD 20 A2 I 2L—ya VI E LTRELET,
VNNIEEAT v 7 O’ODEAY & LET,
D AT T YA XL, 52D FMU T, & bMPWEHRBIREICE O T5e5 [sI”E LET,

Start Time : 0 [s]

Stop Time : 20 [s]

Solver, Step Sizes and Tolerances : Fixed step Solver ([EHE AT v )

Integration method : Euler Forward (ODE1 #H34)

Min. Calculation Step Size :0.00005 (F721% 5e-5) [s]

Min. Output Step Size :0.01[s] + -« - HIIFER O T VR 72 O TR

SimulationX O] Tl SimulationControl THE L £,

-
Simulation Control e W]
| Simulation Time = - - [
| Start Time tStart: 0 rs -l

Stop Time tStop: 20 s ']

Solver, Step Sizes and Tolerances
Fixed Step Solver (External Solver) .]

Min, Calculation Step Size  dtMin: 5e-5 ’s -

Integration method:
’Euler Forward v]

Recording of Results
Min. Output Step Size  dtProtMin: 0.01 s -J

T — - | S -

X 3.351 ¥Ial—varRKE (SimulationX ToO4H)

ZOBBEIZBWN T, v AX Y —/L ElZ FMU OATHRR &5 Co-Simulation D72, Y L/ D&
TRERETECUFHEAND, —BURFEPN T TIE~AZ Y — L EFOETAEHE L, SSICRYALTE
FMU L OB TREEZZFETDOT, AN, AT v 7P A RTEBEICRETDILELDH Y £9°,
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3.3.6. Communication Step Size D& E
Co-Simulation TiX FMU f#IZAJIME 5% T WD BRI ENSLE L 720 97, AEOET LTI
# 3.3212»>TETHO FMU [ZREZITVET,

# 3.3-2 4 FMU ® Communication Step Size & E

Power Drive

Setting Driver ) ) Chassis Steering
Train Line

Communication Step Size | 5.00E-05 | 5.00E-05 | 5.00E-05 | 1.00E-03 | 1.00E-03

S1mulat10nX D TIE Master Algorithm O % 7 CHE L £7, & FMU ZRERICERE L TF IV,

j Properties - Driver (Model) s
Master Algorithm | enera 4 )
Communication Step Size hC: p.OOOOS j
“ o Gd @ 2 QO

X 38.3.6-1 Communication Step Size D& E (SimulationX TD4H#i)

723, Communication Step Size (XY — /I X > THHNELR D720, REGIZHNTLET,

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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337. YTal—LarHER:
% FMU b0 MERTE NS SO0 E#f LE L, UL RfERE oo TLL I ?
ZEHMIT Sample_6p2_Resulttxt I3 I 2 L — g VHERAZEFEL TWATEHBEICLTFE,

Fof/—

0.5

X 3.8.7-1a FMU1 ({H/1) Driver

T0RF34ZEMLI[Nm]

1
05
0 b=

il

i#feml=d]

FMITEHA A A K (%)

A0y LMER]  — 57

8

10
Time[s]

Time[s]

12

14

1=

6

X 3.3.7-1c FMU2 (H7/1) Prop/Shaft hv 7

-200

-250

TORTy I NERE R [ rad/s]
g

300

-350

Time[s]

Engine[@lix k& [ rad/s)

5472 RNV RLINm]

ver2.0.2

350

0 2 4 6 g 10 12 14 16 18 20
Time[s]

X 3.3.7-1b FMU2 (H/)) = ¥ EIEHEE

1400
1200
1000

800

Time[s]

X 3.3.7-1d FMUS3 (H7) #7Z4h D/Shaft ~/v

7

IRl N RL[rad/s]

1] 2 4 (3 8 10 12 14 16 18 20
Time[s]

X 3.3.7-1e FMU3 (7)) Prop/Shaft Fl##E X 3.83.7-1f FMU4 (H7)) %78 D/Shaft [El#EsE

0.025

0.015

0.005

Wi m)

-0.015

-0.025

o
0.005

Time[s]

K 3.3.7-1g FMU4 (BAH) Ty 7@

B

SwIERFI[N]

4000

3000

2000 -
1000

3000
Time[s]

X 3.3.7-1h FMU5 (/1) T v 78h
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34. Fa—FIU T4 RFEBTA RTA NHER LR TF~<—7 T /LDOH)

2017 4 3 ARG PERAE O BB HERICB T 2T NAMAOH Y FIZHT DMLY, A K74
YR ENERLE TV Ver.1.0 (HEHLE 7 /11T Simulink N—2ADET V) NEFFICARMSE L, 7%

MY JAMBE A8 — A X— YV THERL TR,

341. YU TILETILDEHA

ZIMmbIiE, 20184 5 HO BB HEMASEFT K THH L7124 WG O F~v—7 T VA FIEEICT
2— U T AEEDTHE LT, [3]

RIEEB A RTA VHEHET N E2_R— 27T >D FMU 2B L% L7-,

Driver model (Splitl). Vehicle model {22\ Tix 6 > (Split2~Split7) (Z4E L TWET,

Y INET VT ABERHIFS AR — A=V AEEFE L T AVHMEESN—V IV F T r—
KFC& %9, FMI2.0 Windows 64bit CS DAIZKHE L TWETOTIEEL SV,

7 7 A V4 - Sample_6p3.zip 2 ZIP 7 7 A ITLAF 9 D 7 7 A VKM S LT E T,

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

JCO08 & — N T HIEHHRDKRIIT —F  : je08.csv

VIal—vg R : Sample_6p3.txt

Sphit 1

Driver model

B 3.4.1-1 BEENTA RTA VEUET NV K ARG O

Split 2
Split4

i Conirol ‘

Split &

X 3.4.1-2 RREETA N7 A L UHLET )V Vehicle model DRERR

FPIEEHT A I 2L —3 a3V —A~T7T5O0DFMU BV iALFE T, BVARFTETZ, A=a—
Wi CHRET 2% A< Explorer 26 K7 v 7 & Ra vy 77 8V — Ll Lo TRRYVETOT, v==27
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34.2. ETIOHES
£ 341 2BE 24 FMU M aHi L E3, #tany F o 7T BEER, kaldt=2 AT,
3.4.2-1ITE T VERHITT, 4 FMU OZefllinHI13AD), Al X IZ2>TnES, =4
RS OW T EERICHER LET A, AT Y =X D EREOERERITR D720 TEEL S
VY,
% 3.4-1 % FMU O AHAES

FMU Nunber H A mF ANimT FMU Nunber]  FMJ Nane HAET
3 llratio CVT — |1 lratio CVT open_brake per| 1
2 biln eng rpmsig — | 2 Ineng rpmsig 1 Dri ver open_accel _perl 2
JQ08 kndh — |3 [target v VI knph
5 2 [V PNT_knph — 4 lv VI PNT knph
3 2 |flag_ | ockup — |1 |fl ag Lockup open_throttle per| 1
4 2{n_eng_rpm — L2 In_eng rpm flag fuelcut| 2
1 1 [open_brake_per — |_3 lopen_brake_per ) ENG CNT .f!ag !de! S.too 3
1 2 lopen_accel _per — | 4 |open_accel _par tining ignition| 4
5 2 [V_PNT_knph — L5 lv_VI_PNT_knph n_eng rpmsigl 5
flag ON Starter] 6
4 1ln TMPNT rpm — L1 ln TMPNT rpm ratio CVT| 1
5 2 1V_PNT_knph — | 2 |v_ VL _PNT knph 3 TM CNT flag lockup| 2
2 1 lopen throttle per |— |3 lopen throttle per ong Slip rpom 3
5 1 |[w TR PNT_radps — |1 |w TR PNT_radps n_TMPNT_rpmf 1
3 1lratio CQVT — |2 |rati oCVT n_eng rpnj 2
3 2 |fl ag_Lockup — |3 |[flag_Lockup trg DF PNT_Nof 3
3 3long_slip rpm — |4 long_Slip rpm tScope_Fuel | 4
2 1lopen_throttle per |— | 5 lopen_ throttle per 4 PWT PNT tScope_Fuelratiol 5
2 21flag fuel cut — L6 lflag fuel cut - tScope_CVTloss| 6
2 3lflag IdleStop — |LZ lflag IdleStop tScope_trg Flywheel 2| 7
2 41tining ignition — L8 ltimng ignition w ENG PNT_radps| 8
7 21trg ALT PNT_Nm — L9 ltrg ALT _PNT_Nn
7 3[trg ST PNT Nm — |101ltrg ST PNT Nm
1 1 lopen_brake_per — |1 lopen_brake per w TR PNT_radps| 1
4 3ltrg DF_PNT_Nn — L2 ltrg OF PNT_Nm 5 CHA_PNT v_VI _PNT _knph| 2
tScope V VI PNT nps| 3
7 1]|SOC BT PNT_Lo PCT |— |1 |SOC BT PNT_Lo PCT target volt ALT VI 1
2 2 |flag fuel cut — L2 lflag fuel cut
2 3|flag ldel Stop — | 3 |flag IdleStop 6 ALT_CNT
2 bln eng rpmsig — | 4 1n eng rpmsig
6 1ltarget volt AIT V|— |1 ltarget volt ATV SOC BT _PNT Lo PCT| 1
2 61lflag ON Starter — |2 lflag ON Starter trg ALT PNT Nyl 2
4 8 lw ENG PNT_r adps — |3 lw ENG PNT radps 7 ELEC PNT trg ST PNT_ Ny 3
tScope_pulleylloss| 4
tScope SQC Batt] 5
tScope V ALTI 6

L Drives CHA_PNT J
curve

PWT_PNT

m
(A
(9]

[—
3

L[]
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3.4.2-1 EFNVEERH] (SimulationX TOH)
3.43. FSANETILDHHA
N7 A4 F7 /L (FMU1:Driver) |, HIE#HH (R 3.4-1EO Ny T TEH) LD L5771 ET
L —% % Closed Loop CHEEL £9°, 4 nlix, JCO8 T— K THEITSIH D720 jc08.csv DIFRSNT — X %
AN LET (M 3.4.3-1), 3.4.2-1 OFEREfF TlE curve ~FXE L 7,

51 Curve: Curve (Model.curve.curve)

SES =F A ANA AT ] O 09
x Column  »

o] cH v e S R
2366 0 ; ; H ; H
237 0 -
2368 0 | | H | H
2639 a TOf= oo A A I
27 0 = : : : : :
231 ores. : : ! : !
2372 0328, b St T 1 F N A AU Y SER S N
7.3 0501.. ! ! ! ! !
274 0703 . . : . :
2375 0938 H H H ' H
276 1204, |[B0 oo R I REEEEEE R e S e it Al R
277 1503 1 1 H 1 H
2378 1.835 !
2373 2,200, R A IS | N R S A ¥ [ S S SRR SRR S
28 26 '
2381 3033 '
2382 3436 : : :
2303 3.988.. R e e e R SR [ s SRRt b EEE EEEEEEEEE 3
2384 4503 ! ' | : H
2385 5033 |
2386 [1:C:T | O ) N S N 1 S 1 D DU (A AL SR | A S | R R | U i1 Y
| mer s : : i
2386 6732 :
|z 7315 ] ' | ' ]
239 79 e B G E e L RRnREETE (R S ERECCEETEPEY EEREE BF [ SRRetk S SEEEETR] [ EEEE FEREPRET E R
2381 8484, ! . ! .
2392 9088 :
2333 9E49. - |
< n, ] 800 1000 1200

oK H Gancel H Help

X 3.4.3-1 BHEEE

344, TRAY—ILDOYZTaL—>3 VERE
JCO8 &— ROFTERHTH D 1204 BE VI 2L —a VM E L TRHRELET,
VNNIEEAT v 7 OODEAY & LET,
RO ATy TYA XX, ERT 5% FMU O it EMRIC G bt T2.5e-3 [s]”E LET,

Start Time : 0 [s]

Stop Time : 1204 [s]

Solver, Step Sizes and Tolerances : Fixed step Solver ([EHEAR7 > )

Integration method : Euler Forward (ODE1 #H34)

Min. Calculation Step Size :0.0025 (F721% 2.5e-3) [s]

Min. Output Step Size :0.01[s] « « - IR OY T IVER 2 O TILE

‘_Sirnulatmn Lo L1 R —

Simulation Time

Start Time tStart: 0

i]

Stop Time tStop: 1204

Solver, Step Sizes and Tolerances
IFmed Step Solver (External Solver) -

Min. Calculation Step Size  dtMin: 0.0025

U

Integration method:

IEuler Forward -

Recording of Results

Min. Output Step Size  dtProtMin:  0.01

E

[ oK ] Cancel | [ Apply [ Hek ].
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K 8441 ¥Ial—v 3 RE (SimulationX TOH)
3.4.5. Communication Step Size D& E
Co-Simulation Ti% FMU #Z AJNE 5 & 52 1T IS R IIRE E LB & 72 0 £77,
AEOFET L TIEAETO FMU % 0.0025 (7213 2.5e-3) [s] TREL £

i ] Properties - Driver (Model) E

Parameters 4 | Parameters 5 | FMI Settings MastetAlgorithmlFet.."v Gen 4 )

) i
Communicaticn Step Size hC: P.OOZS s -5

o Bd X ¥ e

X 3.4.5-1 Communication Step Size D& E (SimulationX TD4H#i)

346. YIal—Ya ER
FMU 7260 EFZ W o0vBi L E L7,
ZEHIIE Sample 6p3.txt I3 I 2 b —3 g UESRARIEL TWAT-DBEIC LTSN,

Driver.'open_accel_per'

ENG_CNT.'n_eng_rpm_sig'

2000

_________________________________

1000

. 0 | i | i i
200 400 600 800 1000 1200 ) 200 400 500 800 1000 1200

X 3.4.6-1a FMU1 open_accel per X 3.4.6-1b FMU2 n_eng rpm_sig

PWT_PNT.'n_TH_PNT_rpm’

TM_CNT . ratio_CVT'

sooo - P 1 A T
4000 - - AL e N

I ' ' ' I
3000 - b oo e

TN 1 S S P 1y A S R

I I
1000 |- - -l - - - - AH- - - - - 4 - R EErr I ELEEE| | EETEEE S EEEEE B PP

| '
1 |
a 200 400 600 800 1000

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

X 3.4.6-1c FMU3 ratio_CVT X 3.4.6-1d FMU4 n_TM_PNT_rpm

CHA_PNT."v_VL_PNT_kmph'

ELEC_PNT.'tra_ALT_PNT_Nm"

00
DL bemmeoooeees Feeeeennooe beeeeeeood D e

0zl [ [ o [ A A
! ! h ; !

o 200 400 &00 800 1000 1200
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3.4.6-1le FMU5 v_VL_PNT_kmph 3.4.6-1f FMU7 trq ALT PNT Nm
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