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@ BiE L a2 XTI Nr )T 5e, BIORTHATRIPERIIL, W TARBEELEELE
T, ICEALTIEUTDO L1220 £77,
Domain : Quantity (AH/){E5) Parametric (FEEE/ T A —%)
Type : real ®ZHF|H AIHE
Direction :in  (AJJfE%) out (HJ1ME5)

jer1:SubSheet1 - SchematicEditor - [Project] - TwinBuilder1 (Tw Port Properties
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triout ort v
Desktop View Schematic Simulation Resul Autdypation Ansys Minyva Learning a
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X 1.2.8 H7— FDIERK

B) 7 — b NERE RO ERL

O FRANZRTRENTWDETA T TV ) =i ailiE L, (B L7 &8 L £,

H 21X Modelica RFEAIAATE FMU 2 EbIRETEET, ZNHIETA 7TV YU —Dx FE
[Project Components] (Z777EL £,

@ ETNANTER LI DHEEROZEEEZ A2 U v 7 LT[Pop Upl &R L, by 7 L-ULREREIZRY &
7

Component Libraries 2 x
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2, Most Recently Used
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(3 Circuit
" WG SUM1 2 \E] &3 Blocks
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C) FMU DRk

O H7v— MIEELA FHICERShET, T 405427 U v 27 L T[Compile as cosimulation
FMU]Z&IRT 5L, KA EOXA T a7 RHEET,

@ WETHHAL O 20 dll 2 BB S E 5729, [Auto Detect] Z R L T 7280, Fe,
Linux64 (2 b %3 % FMU Z1/Epk3 %1%, %li& Twin Builder Linux Redistributable (fEf}) %1 >
A R=NVLTBE, ZORGFGMERET DLERD Y 7,

@ ar ALK& TH%, a2 k¥ U — Definitions/Models T (& FMU % 7 /v

(FMUModel_TwinBuilder2) 2MEfE SN Ed, Znx 427 UV v 27 LT [Export as FMU] %8R L 9,

@ FMI 2.0 Co-Simulation O #&23H JAlagL 720 | [Export] THA L E T,

TwinBuilder2
SUbSheet1 8 Compile FMI Mode
Model Name |FMUModel_TwinBuilder2
Port1 Port2 opioee
Name I Value |
Copy as New Design Use Runtime License No
% B Push Down C Include Personal + UserLib Files [ AutoDetect ]
el S 0 Indude Linux Files No
Compile As Twin Model @ =
k] —
Compile As Co-Simulation FMU (w—
' Quick Probe = @
Probe -
Numeric Display ™ Save As Default Reset Compile | Cancel
I Project Manager 3
=[] Project1*
=-{i(7% TwinBuilder1
iE] Ports
2 p 8" Fxport As FMU
{i(Z: subsheet1: TwinBuilder2* Export As FMU
@ Analysis FMU Location !
(@ optimetrics C:/Script_Run/work/AnProject/FMUModel_TwinBuilder 2. fmu Browse...
FF] Results —_— - J
&2 Definitions Edit Model ~FMI
(L) Components Clone Model Version: 20 v Platform:  |Windows64 ~
(3 Symbo
g e tpr'n:ts Remove Model Type: ICo-Stmulanon ;I
- 00 Export to Library... @ L )
[ Padstacks
-2 Models Exportas FMU. € Bpot || cancel |
FMUModel_TwinBuilder2 — — -
2 simModel @
() Packages
(L) Bondwires

X 1.25 V73— Mg FMU HH

LLER BT v— MEXTER LIEET V0D FMU 24T 2 FIHE 20 £7, C)-OIZTar A
T BHBECHER LT FMU £ 7 VA DBRE I NLET,

1.2.3. FMU D& HAH
Twin Builder /X Windows64 7 —3%7 7 F+ 2 &1 FMU OAF|H T £9°,

A) FMU 7 7 A VD FEFriA F
O kv 7 A==— Twin Builder/ Add Component/ Add FMU Component X V. {L&E® FMU 7 7
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ANEHEELET,

KERTAAT a7 NEREINETOT [Import] IR 2 L. — Y2 FMU €5 LRF S )
DVEFTOTEEOHANI Py 7 LET, b, #4707 TEREINTNDY U —(E, FHRFROMED
BEREEITWIZNRT A= =B 200 37, % THRIZEN, BIlRT5Z2 LN TEET,

@ FEliE L7= FMU #dhx 427 Y v 7 L, [Edit Modell #8042 & | AR T A T o I PERS
IET,

@ [Replace] &% > CTHID FMU 7 7 A V& EIRT D EETNORKRELEE T E3, Model
Exchange <—Co-Simulation 7 V&0 ¥z 235650, BEEMTHON T FMU €7 /L OEFIFIH L

7,
&3 Import FMU Mod ControllerRev1
l 1
ModelName  : [ControlerRev eedbackji] g |
0 ModelName  : [ControllerRev !
FMI Ve 120 ] =
S 2 Ipo. Vpos FMIVersion  : 2.0 @ Replace
FMU Type : Model Exchange T é 9 FMU Type Model Exchange
Targ
Interface Selection Vneg S Interface Selection
search | I~ Display Attrbutes é search | I™ Display Attributes
[™ Select Local Variables Select Interfaces at Level 1 - g [~ Select Local Variables Select Interfaces at Level [1 -
B R ¥ ControlerRev =

Edit Component...

i3V Feedbackin

% ¥ Ineg Edit Symbol
4V Ipos

Edit Model...

/ Pin Visibility h

% [ pinTov_JSAE1
% 7 resistor1
T I signalvoitage1
import | Cancel Update Cancel

B 1.2.6 FMU DOfFs& AR

1.24. ZhOith

Modelica (Z B9 5 #4F

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

Y7 — MBI D #(ME

- <install-dir>¥Help¥Twin Builder¥Twin Builder.pdf 11 & (Adding a Subcircuit to a Twin Builder Design)
FMU (2B % A EafH

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

FMU (2B % A EafH
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1.3. MathWorks Simulink

MathWorks 2324 % Simulink (. FMU ® A >R — M= F AR — MZxHa L TWET, LTFDOFE
1.3.1 {2 MATLAB "— 3 > R2023b (281 D VAR — MRIZDOWTE LD E T,

# 1.3.1 Simulink ® FMI %4 — MR (R2023b FER)

FMU =7 AR — bk

FMI R—v 3 v 2.0, 3.0

JE Co-Simulation (CS)

TJ AR— MZ MATLAB, Simulink, MATLAB Compiler, Simulink Compiler
VIR T A A

ik o FMU =7 A7 — MZiE, #i& Simulink Compiler 732251

e R2023b 75 FMI3.0 CS & AR — "3

FMU A > &R—F

FMI N—v =3~ 1.0, 2.0, 3.0

FE= Co-Simulation (CS), Model Exchange (ME)

A4 U AR—hZ MATLAB, Simulink

MERTA A

ik e Simulink OE#KRE (FMU 7 1> 7*2) TFMU A v AR— b &P R— b

e R2023b 7»5 FMI3.0 CS/ME % # K — h*3

*1. Simulink Compiler i% R2020a {2V V — 2 & 727 R4 85T,

%2, FMU 7 & v 7 13 R2017b [ZE A S /= FMU A 7R — MA@ Simulink 7' & v 27 T,

*3. R2023b M Tid, FMIS.0 O—#fARITITRIE L TR £/ A, sHMITRS o AT —2a VEBRITZS N,
%72, R2023b 7°5 FMU =2 AR — hZix FMU Builder for Simulink ¥R— k47— (M) 24 v a— KL,
A VAN NTDMERD Y T,

1.3.1. FMU D1ERK

Simulink €7 /W76 FMU 2= 7 AR — b9 5729121%, Simulink Compiler 3% E & 720 97, LA
T, Simulink Compiler ZH 7z FMU =27 AR — K @ji{jﬁ‘ ZOWTHEIT LET, 723, R2023b KAl
BiF5 FMU =7 AR — FOHi[REIE & LT, Rapid Accelerator Mode (7w K77 k&7 L —%F—
F) v =2 b—3 a3 E— FTHET S Simulink €7 /LDOAHBEIG L TWET, Simulink @ Y /L
. BEEAT v Y NANRYR— F S THET, R2023b M HAIEXT v 7Y L34 FMI2.0 CS D/
A L CWET (7272 L, FMU FE{72e 05551 MATLAB Runtime 2342 T9),, 2672 I PREIE
IZOWTIERE R¥ 2 AT —va UV ESRIIEIN,

9. FMU #4574 % Simulink 7 VvZ2HELES, UTOX 1.3.1 1T Ko, =5 4% EED
a2l —var] #7ky. RFE>[2% > F7 ey FMU] 258K LE1,
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*‘ PID_Controller - Simulink — o x |
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= EFMEISZL—3ay A9 FPOY Functional Mock-up Unit (FMU) (CT2AR-bLET

v E

yIab-33» P V...
2R S wiesial-say FHEEELES i FixedStepDiscrete

X 1.3.1 Simulink EF/AH 6 FMU =27 ZAR— b

T5&, K 132 IRT IR AR — MEEBEEDPFERINET, FMI N—T 9 0T A—H
A D72 EOBREEITV., B T [WERK] R& 24 E FMU 2ZERESET,

| [Pal €79 ‘PID_Controller' %3¥32L~¥3¥ 29FF0Y FMU LTI AK-F 2|
| Bt8A !

Functional Mock-up Interface (FMI) 2@/ LT, 7 &I1¥31L-3> A9 ET70 Functional Mock-up Unit (FMU) [
ICIJAMR-FLET,

FMU & &

FMI ®/%-Y3> 20 ~ YJL/{~: FixedStepDiscrete C =
R5A-5-  Ah Wh AHEH EemYY-2 IF-V

7N I92T0-5-TRETBIC(L, /5A-9-2E7UvILET,

BRTELEFRATIINS LB LET

A ; I =1 e s b ) 5HEA IO A=k i=28] T —9%8
Rlkd (11 2 R=A T=-JAN... Kd double

RIki (111 -] N=2 T-9ANX... Ki double
Rlkp [11] a R=R T-JAX... Kp double
XN I9RAT0-5-%B8<.. FRTEIR  IATERIREER Yeyhk |
| FMU OfRFATYay |
REFFEITAIS — C¥Works 28 |
IVTIY: ZFVET0Y FMU (fmu) O v
() 297707 FMU Q£ CETVEER
01k P=h17 (miproj) Q4 EI: '
|
ERk vl AT

M 1.3.2 FMU =7 2R— FNREEE

LR X957 GUI #fEIC X5 FMU AT % T, exportToFMU2CS Ba%t (R2020a & A) X°
exportToFMU Bg%% (R2023b 3 A) % 2 MATLAB =i~ > K74 2k b FMU AR AIHE T,
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1.3.2. FMU DA Vi R— k &E1T

Simulink (213 FMU %A AR — s 357200 [FMU 7a v 7 | ZHEESRLTHVET, FMU 71 v 7
1% Simulink 74 77 U @ [Simulink Extras/FMU Import] (&S CWEd, BLF, FMU A >R —
PEsRal—ya v EITOFEICONTHA LET, 7235, FMU A K— b Simulink OB
T&H Y. Simulink Compiler (IR T,

1.3.3 (2”7 & 91T, Simulink =7 #DF ¥ /82 R FMU 7wy 7 Z#/#EL£3, FMU 7 7
ANV E RIS LTV VVIREETIE, 7R T Unspecified FMU Import & #/RSNET, 7rv 7%
ZINT Vw7 35E, FMU 7 7 A VEEIRT SEHEBE RSN, AR —FLEZWFMU 7 7 A V%
T ANEINLEIRLET (ZOHF T ELEC_PNT.fmu),
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X 1.3.3 Simulink EF /L~ FMU ©OA »7HR— b
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ABES EBEHE L e FAMMERS  FMLIEA - BB WG 20



FMIJERH AT A K (fF%) ver2.0.1
’i untitled * - Simulink w=k & X
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i ZEIFEERSREATINY-EBLET —
Q SOC_BT_PNT_Lo_PCT JST A4~ (& B =50
a target_volt_ALT_V AL P i [R] ALT PNT_ALT_... 0.7 I
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1.4. Altair Twin Activate

Twin Activate |3 BFERRET AR —ZABIBEOT-DODO~ VT T 4 2 7 AR N RRERES T T v b7
+—LTT, fHOBDOTay I ZAT 7T L7477V %2R, Yo R—x MME Modelica 7 A
T URMOER - B MERVATLDOTIAT IV EIEHLTAA TV v RET U 7 RARETT,
F 72 MotionSolve X° Flux 72 E D> Altair 8/ & OF 7 /LS A[HE T,

Twin Activate | FMI ®OA >R —F « =7 AR — MIXHILGLTED ., Tid?D3F 1.4.1 12 Ver.2023 |25
AV AR— MRUZHOW TR LET, FMI 2.0 TA VAR —F « =7 AR — MRS LT BB 2T
FMI 3.0 THISBARETT, S HIZ, FMI2.0 BL O FMI 3.0 =7 AR — h &AL T, A > 74~ FMU
ELTromAl #=7 AR— FTHTENTEET,

# 1.4.1 TwinActivate D FMI A ¥ 7 = — A e —&

FMU =7 AR — bk

FMI R—v 3 v 2.0, 3.0

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

EITTA A ANBE *1

e e Ver.2022.3 7»5 FMI3.0 CS/ME % ¥ AR —

FMU A > &R—F

FMI N—v =3 1.0, 2.0, 3.0

FE= Co-Simulation (CS), Model Exchange (ME)

(O] Windows 64, Linux 64

FITT7A R TERANZ A AT

fii 5 o Twin Activate OfEHE#RE (FMU 7' v 7) TFMU A >R — b &% HK— b

o Ver2022.3 25 FMI3.0 CS/ME % ¥ 24— K
*1. FMU 2 romAL © 7' 1 v 7 Z G Le8E13 romAL D 7 A & & ANKBETT,
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1.4.1. FMU O1ERL

@O Twin Activate ECET LV ZER L ET, FMU {ERFEFHCAH IR — F2ER L7-WEAE. Sy R
77 YW Activate 71 7 U @ [Ports] 725 Input] [Output] 7 v v 7 ZEET HXLE RN H Y F
TO

Dmotorsem - AbsirActuste 2023

e e e O g

M e | e
B Assistant
aaaaaaaaaaa
e s
77,
.....
7, =
® a
gl Sl
[l -

X 1.4.1 Twin Activate &5/

@ WICA—_R—Tav 7 Itz FMUICL7-WETF LTy 72 7 v—b L9, &
— NERWEZETVEEIRL, £27 U v 2725 [Super Block] %8R L/ERIT 5 FH N A[GETT,

X 1.4.2 Super Block 7ERk

@ A—=nR—=TmyrEXINI Iy LTEML, £OHO Input F— T my 7 E2XTNT U v
LCFuTr o A4T7ul &£, 447 a7 ND Time dependency ] IZF = v 7 & AILET,
ZOIHB ZI®IR L2 WGEAEITL, 1.4.5 DX A4 717 ® [Force inputs to always active] (ZF = v
I WA TWIIEZ T —I3RELERE A,

b B Fi- P e S GG A G G ST G G S L S R ) 5
Part number 1 5
Code Generation Purpose
Clutport ste [=1,=2]
Outport type ‘inherit’

Time dependency

Apiply ) Cancal

X 1.4.3 Input F— 7wy J7RE
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FMU 1EREFICET L DN T X — & Z[Eilk L= WIRE 1L,
WRRALER 24T > TR S0,

OB TA—R—=Ta I D/IRTA—H

@ ERL7-A— =T a v 7 ZFRL, Tools] @ [Code Generation and Export] %R L £7,

DCmotorscm® - Altair Activate 2022.3

File Edit View Took GUI Utilitles Spice Import
B OML Editor CtrH

£ sesE
s L Qune Edto )| | > F. & J\r’
| | = Aby H
=l ApllmL ation Editor 9 chbry v
les Super Mask Orient Align Center I Desigrer Plot
Qo mma CtrHAIHC Biock Assistant
Home aylte D) Block GUI Lrilities
* « E» DOmotor
1
Results Views Ctri+Shift+D
EMU Editor CtrShift+E
SuperBlock

X 1.4.4 Code Generation and Export ®DER

ZOX AT a7 T [Target] % [FMUJ &3 2% & TFMU type] [FMU version] 72 E4ERRIZEIT %
FTa URFEIRSNETOT, LEIN U TERL T ZIN,

Code Generation and Export @ x
Target Fru
Code generatar Standard code gerneration
Processor 64 hits
FMIL type CoSimulation & Model| Exchange
FMU version 20
FRAL file name D/ D2 motor frmu =
Super Biock Full name SuperBlock Get Selected Block
B Forca inputs to always active
B Copy data files into the FMU

Gararata

B 1.45 FMU &ERA T a

FMU type] £ Model Exchange] [CoSimulation] [CoSimulation & Model Exchange] 73,

[FMU version] % 2.0 & 3.0 23®RAJEE T,

[Code generator] |% Activate 7 &2 v 7 O Z, & L 13> Modelica 7 v 7 72 E L DA TV »
k&7 /L ¢ Windows/Linux TiEH 7 535413 [Standard code generation| % 3R L £7°, Activate
ET VT TR S N— R Y = 7 RZETOEH %17 9 %4 1% [Inlined code generation| 3R L
%7, 7272 L [Inlined code generation| TIFFEXNIET vy 7 BIFELE T, ZOFE, £ D [Copy
source code into the FMU| |[ZF = v 7 Z# A5 HFH T, FMURNIZY —AXAa— Rz ab—T& £7,

® WY H 23R %, [Generate] R¥ U EHHI T4 5 &,
\Z FMU 23 &£,

[FMU file name] IZFEE L7274 L7 h VU
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1.4.2. FMU Q4 viR— k &E1T
O vy F7 7 UYRN Activate 71 7 U @ [CoSimulation] 7>6 [FMU] 7 a v 7 #&ERL, 57U
Y4 RUCEELET,

odel1.scm” - Altair Activate 2022.3 - o X

Fle Edt Vew Took GUI Utiites Spice Import

@i " CoEaE T4 N

Model  Diagram Mask Crient  Align  Center | Ji Designer  Plot

Super

Back istant
Home Simulation Block GUI Utilities

= Model Palatte Browser BEEHa X

Tm i E MotionSohe
N .| & } .{ .{1
MationSoheSignals Flux
{#}
VI CarRealTime PSIM
agq
 eml
Q

X 1.4.6 FMU 7 vy 7 OEE

@ FMUZnuay 27227070y L, 7aX7 XA 7127 ® [General Parameters] % 7 C [FMU
filename | 123234 ® FMU 2 ELTCFIW, FMU O AL « HHAR— b, XT A—ZFERNP A
FhET,

FMU i g : : meesey SaueR x : i o x
General Parameters  Advanced Reporting  Model Exchange  Co-Simulation

| FMU file name 'D/Sample_6¢3/ALT_CNT fmu’ = |
Number of continuous states 0

Number of zero-crossing surfaces 1

Numter of clock variables 0 v
Number of inputs 4 %
Input ports
Name Description Datatype Direct dependency vector for the input
1 BT_PNT _Lo_PCT’ /", Dims: 1* ‘Real’ 140
2 'flag_fuelcut’ *, Dims: 1" ‘Boolean” 1*0
3 'flag_IdeStop’ ’, Dims: 1° ‘Boolean’ 1%0
4 'nengrpmsig |, Dims: 1’ ‘Real’ 1%0
Number of outputs 1 2
Output ports
Name Description Datatype

arget wolt ALT V', Dims: 1” ‘Real’
Number of parameters 10 s
Parameters

Name Description Datatype Unit Value Cog
1 OffOutputValue’ ’, Dims: 1° ‘Real’ N 1000000
2 | .OnOutputValue' ’, Dims: 1° ‘Real N 0000000
3 witch3 Threshold' ', Dims: 1" ‘Real’ " 0500000
4 ‘F.RPM_HYS_rpm’ ’, Dims: 1" ‘Real’ . 600 000000
5 N_RPM_HYS_rpm’ ’, Dims: 1° ‘Real’ i 1000.000000 ol
Reload file Reload
FMU Documentation Show

Additional outputs {l

Info Apply OK Cancel

X 1.4.7 FMU OA vHR—k

@  TAdvanced] # 7 Clitkx 72 BMMO%¥EZH5E CTE £9, b L. Model Exchange & Co-Simulation
il EtennAaAa 7 Uy K FMU 2BV iATeA, 204 7T [Run as Model Exchange If both FMU
types are provided | |ZF = v 7 & A5 & Model Exchange & L C3IT23A[HE C9, Co-Simulation
D FMU %A > — b3 258513 Co-Simulation | % 7 C[Preferred fixed communication stepsize |
T, Co-Simulation #1729 BEOBEEMREEZHEL TFIW, ¥4 72T [OK| #TF+5L, £
TV U4 Ry RIZEYEO FMU A7y 7 & LCRIESIET,
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£ Code Export Wizard - 1_SimulationX_CS - u]

pt
FMI-Configuration r\

Author: Diezcription:

rowic] n.cs2

Wersion:

Options: Platform Support:

FMI-Configuration

Inpuits

Cutputs v Expose internal variables [ win3z Pratform (xes)

Farameters [ Win64 Pla 6
Code Gensmation
Past-processing [l Include source code in FMU

Model Image (PNG):

| | | Browse .. |

Documentation (HTML):

| | | Browse .. i

| oBak | [ New | | Fesh || caed | [ Hep |

X 1.6.3 Code Export Wizard ® FMI-Configuration

Inputs IZC, FMU 71 v Z7ICANTHR— M ZERLET, HGOR—FE2XT7L7 ) v 73 LL<
I% Drag & Drop T"Selection"MWIZIEANL TW& £7, FEIRTE 57— MM Signal Input DA TY,

L2 Code Export Wizard - J1_SimulationX_CS - ]

x
Inputs
Select the inputs for generated model by using double click or drag8drop. /‘ 4

Elements: - o Selection: E E‘ Pl ‘ x | L
£l & stepSignal (Puise Generator) | Input | Element
FMI-Configuration . v x(Signal Input) ¢
(=1 6 tauFromsD {External Torque) int {Signal Input)
B S 1 (Sigral Tnput)

Project

Outpuis
Farameters
Code Gen=ration

Past-processing

I O 0 =

X 1.6.4 Code Export Wizard ® Inputs
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Outputs (2T, FMU 7 a2 v 7 O NT 2 EKEZRIR L £9, HGEOEHEXTNT Vv 76 1L<

X Drag & Drop T"Selection"WIZiEM L £,

£ Code Export Wizard - 11_SimulationX_CS — ] X
QOutputs
Select the outputs for generated model by using double click er drag&drop. /’_"

Elements: Selection: BE L | x | ™
- 4 inertial (Inertia) Dutput. | Element.
FMI-Canfiguration & 45 source1 (External Torque) Ti(Intemal Torque) source]

Ti {Internal Torque) dphi [Angular Difference] source]
Inputs dphi (Anguiar Differerice) TilInteinal Torque) tauFrom3D
dom {Speed Difference) 3 &n

[&] Pe (External Power)
- T connection1 {Mechanical Connection (rotz
- {# stepSignal (Pulse Generator)
Code Ger=rali i- "k connection2 {Signal Connection)
(- 43 tauFromsD {External Torque)
f Ti {Internal Torque)
dphi [Angular Difference)
dom (Speed Difference)
+ [7] Pe (External Power)

Farameiers

[k ][ Mea | [ esh || Concd [ Hep |

X 1.6.5 Code Export Wizard ® Outputs

Parameters (ZC, FMU 712 v/ ONRNT A =X ERIN L ET, "ROANEREZTNI Vv 7

L <% Drag & Drop T"Selection"WIZiEBMML £,

£ Code Export Wizard - 11_SimulationX_CS = | %
Parameters
Select the parameters for generated model by using double click or drag8drop. /‘w’

Elements: Selection: E Eé‘ E | X | ¢ '
Pararnster | Element
FMI-Configuration ; J [Moment of Inertia) inertial
il T connection 1 (Mechanical Connection {fote H [Height) stepSignal
Inputs +- (&) stepSignal (Pulse Generator) 0
- "} connection2 (Signal Connection)
Cutputs ok 45 tauFromsD (External Torque)

Frojest

Code Gen=ralion

Past-processi

| ek [ [ Nea | [ Fms || cacel | [ Hep |

X 1.6.6 Code Export Wizard ® Parameters
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Code Generation (285 L ET VDY — LT 7 A VNERSIVET, AP K T 5 L. Project
Path THELLL 7+ VXY =R T 7 A VEPRHTTET,

55 Code Expor Wizsrd - 11_SiwlstionX_CS - o ®

Cutput
FMU_IT_Casel_SimulationX_C5_2 - 0 Error(s) 0 Warningis}, 0 Information

k| ST o] [ Omed | | nee

X 1.6.7 Code Export Wizard ® Code Generation

Post-processing |2 Ty /A NVETWET, a1 /31 TERIN L7214, Builld A% o 2#4 L2
NRA NP SN ET, RIFELET7 VX I2 FMU BMER SN TWET,

£ Cod : - o ¥
Post-processing P
7

Compiler:

pae [GNU C/C + Comper tamé-1) 510 9] | Advanced & -m
UL T Additionsl Libraries:
Inputs [ | | B

Additional Library Paths:
o | |

Brovss.. [ Compite wath Optimization

Additional Compiler Options:

¥cg | K 3 5_2_declc
Hcg FMU 1 _Casel _SimulationX CS_2 initjacc
#cg FMU_J1_Casel_SimulationX C5_2 jace
build FMU_J1_Case1_SimulationX_CS_2.41l TTTTTETpeYY

clean intermediate binaries [] FMU_J1_Case1_SimulationX_CS_2.dil

FMU_J1_Case1_SimulationX_CS_2dll (winé4) - 0 Error(s), 0 Warningis) [] FMU_i1_Case1_SimulationX_CS_2.dsp
R, [] FMU_i_Case1_SimulationX_CS_2.dsw

[ sk | ST S ECA S

X 1.6.8 Code Export Wizard ?® Post-processing
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1.6.2. FMU®DA »iR— bk

RYERRRE L L TA R — MEREDATR SN TRY , A7 v a v I B ARETHTE£Y, £

7. MODELING > Add FMU Block... Z##{R L £,

m stamy MOCELNG SULENON POST MOCESSNG ViEw SCRPTING

R . .
el wey . .
Gria  Algn tew ) Tewt Bk
ToGed + Comnecions & New hype e
G Laneis Create Type State Macrene inert

X 1.6.9 fmu A v — MEEE~T 7 & X

Iz, WYIABRZIT) fmu 7 7 AV ERELET,

Eé. TM_CNT.fmu 2018/03/30 13413 Functional Mocku... 82 KB
F74 LB (N): | ALT_CNT.fmu v | [Functional Mockup Unit (% fmu
E<0) Foill

X 1.6.10 BV IAHZZFT D fmu 7 7 A4 VDIEE

T ANAGERIZ, BRVIABREO ST a 2 RIRLE9,

Functional Mockup Unit Import X

Settings

Implementation:

FMI for Co-Simulation

Expose internal variables

Ignore multidimensional parameters

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

Info.

Open element type in TypeDesigner

+ Inzert elament as component in modal

Gares

X 1.6.11 Functional Mockup Unit Import @ Settings

FTvarDF ey 7 HY/7 LI OWTLLTICHI LET,
['Use Modelica Pins for Inputs and Outputs] :
F = v 7 L TlE SimulationX @ Signal "— h &2 H L £,
F = v 79 5&, Modelica @ Block A"— M & L E 97,
[Open Element Type in TypeDesigner] :
TypeDesigner &, R— FAC/NT A —FHHEORELITVET,
[Mnsert Element as Component in Model ] :

Model View EFICHDIAALZEFMU =L X 2 BB CHRE L 1,

&2 waiiis ARERE LTS AOBMERS  FMIER - BB WG
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A R— ME¥EEZ FMU OBZFEVIRLES, AR — LT my 7 OR— Mzl 7,

MEES & Model1 - SimulationX 4.2 Professional Edition - o x
m START = MODEUNG  SIMULATION  POSTPROCESSING  VIEW  SCRIPTING ~ ey P
E r"L 5= pins /s 5 > |
TEE e L = [~ la Prcture & Zoom 4
] R 5 Blements « 2@ e
Grid  Align New ~  Eltetdox [ Jshowan Iy c
ToGrid s Connections - New Type ~ State im 3
Grid Labels Create Type State Machine Insert Navigation Tools Amange
Libraries v 8 x [TModelt* x )
-
- Model! »
fr-|O- - & | Rece i
aLT_CNT1 |z
> Iq SmulstionX 42 g
»
> @ Modelt ¥
@
o
&
3
3

1.6.3. FMU OZE1T
SIMULATION >Properties

3 SIMULATION

fE. Equilibrium
I-?L Record
Simulation
AEOFEHITIL, RET D]
Start Time
Stop Time

Solver, Step Sizes and Tolerances

Integration method

Min. Calculation Step Size

Min. Output Step Size

M CNTY

'
B
.
A

X 1.6.12 &5 LG

EiN==

2T, YRalb—varyoREEez LET,

POST PROCESSING VIEW SCRIPTING
Transient b {{E:L Start: 0 5 -
Fixed Step Solver (compil ~|PTOPE™Es | Stop: 1204 5

Simulation Time

X 1.6.13 Properties ~D7 7 & X

X, AR T,

: 0 [s]

: 1204 [s]

: Fixed step Solver ([EE AT v )
: Euler Forward (ODE1 #H4)
: 0.0025 [s]

:0.01[s] « - - IRV 7 VK 72D THEE

&2 mmpgie AEEEEE TS AEMERS  FMIE -

B WG
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Co-Simulation TlZ FMU #IC AJ1E 545 T B2 ReflHFE (Communication Step Size) DaXED
METT, ETNVEHXT)NI U w7 LT Properties> Master Algorithm (27 7 A LE ¥, AEILIEE
7L Communication Step % 0.0025 [siZf% @& L £,

LQNG_CN‘H {8} Properties - eNG_CNT1 X
FMI Settings = Master Algorithm = Parameters Results General 4 b
e
B
Vv General Parameters

Master Algorithm MasterAlgorithm: Explicit v

ICommunication Step Size hC: 25| l ms v v

[X| 1.6.14 Properties > Master Algorithm> Communication Step Size

HRERZ Y I 2 b—2 3 VHICBIIIT 2 - DICREDLETT, ETALEX TN U v 7 LT
Properties> Results (27 7 B A L£d, BlMZ AT 57-DI1TF = v 7 2 ANVET,

{83 Properties - pWT_PNT1 X

FMI Settings Master Algorithm  Parameters Results General q b

Vv General Results

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

X 1.6.15 Properties > Results

SIMULATION >Start Simulation {2 C, ¥ I a2l —y a3 2FTLET,

[Z] B FI: ") : {3} v met_fmi - SimulationX 4.2 Professional Edition
START  MODELING | SIMULATION | POSTPROCESSING  VIEW  SCRIPTING

n ¢ Transient v {é\\é @
> 5|2 equilibrium
Start . . . |Properties = Simulation
Simulation ch Record Fixed Step Solver (compil N i

Simulation

X 1.6.16 Start Simulation

FEAVAR—FLEEFMU 247V v Fx L7z Results ICTHIRERAZF R L E T,

|_:NG_CNT1

—_— Find References

e
— I: Results 4
— 4

All Protocols (Selection) on

3

+

+

X 1.6.17 HARR
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1.7 Gamma Technologies GT-SUITE

GT-SUITE /%, k[ Gamma Technologies L CBRR S NTm~v VT T 4 Vv T A« VAT AV I 2 b—
TaryY—)L T, aryta—4% FTHEEAZIIUO & T 584 2 TERNZER L, EEOELRSMFIC
BT DT RUXR, BESD NV ilfli, AR AT 2O~ —U A MRl 2B H 2 L
MNTEET,

FMI >\ Tid, FMI 1.0, 2.0 IZxH&LTWET, (8.0 1Z5%B ST ETT,)

F 72 GT-SUITE ~® A > AR — MBI L Tix Co-Simulation & Model Exchange (2%}t L TV ET,
GT-SUITE 26D x= 27 AR — bk (FMU 45%) (2B L TiE, Co-Simulation Oxf& & 720 £4,

1.71  GT-SUITE ~D A > iR—

* FMUImport O#% &

fth > — N CAR S L7z FMU % &t iAte 729012, FMUImport 47 Y =7 F&MHL £,

GT-ISE ®Z A 7 Z U/ FMUImport 47 V=7 F&EIRTH L, #HI1DIZ FMU (*fmu 7 7 A /L)
PG HZ L1270 £9, 5 & Inputs/Outputs 7 /L X2, B4R ERTHRAENET,

&I FMUImport 23— & LChLELE T, A A — bk L7z FMU ~ME 5 %3 121X, SensorConn
ZI L TEE DG 5% FMUImport ~#2#¢ L £9, (H D%, Inputs 7 4/ ¥ ZFH L T, SendSignal
MOEFEZITR-720, RLT 220 l-o720 4252 & bitikEd,) FMU 22O DEFEZZ TS IC
X, ActuatorConn %4 L C FMUImport Z{EE D/ N—Y ~#Zki L 7, (H DL, Outputs 7 /L4
ZRHLT, HR=YMEEE2EDLZ LB HRET,) AMNEFITEEER > Z L2 ATRE T,

Home | Data Tools
DhjEctEamils " Mainfl _# Inputs {from GT to FMU} . Outputs {from FMU to GT) ./ Parameters . Internal Variables
:]-1: GT_Slave_Engine |
------ O GT_Slave_Engine Attribute Unit Object Value
FMU to Import {find object in Project Tree to edit) i AGT Slave Ereine fmu>
FMI Mersion w20 =
Fril Type cozimulation -
Mumber of States i
Communication Interval s hd defm
Enable FMU Messaee Logging =
Enable Signal Feedthrough [l
€| A | *
[ Ok | ’ Gancel ]] [ Apply ﬂ
DEEEFaTY 7 Mainl " Inputs {from GT to FMU#I./ Outputs {from FMU to GT) ./ Parameters . Internal Variables Plots
B-I' GT_Slave_Engine
..... GT_Sl = ; Signal Description Signal Mame in FMU [Wirelezs Sienal or RLT] ‘SendSienal’ Thitial Ihnput | Duration at ]
-~ B ave_Engine l;‘ fittrib..| Named-Signal Name Walue Thitial Input
= -
1 Ergine Speed Eng_Speed ign |;| 1811 [ans ignl;l [
2 Throttle Anzle Throttle_fng I [ [ E] leoa
3 Waste Gate Diameter Wi Dia ien =gl m lees
4 Fuel Ratio Fuel_Ratio [ [Cal | sca)
B = ] ]
6 L. L] ]
_ 7 [] o
4 [ I » i [ | [l
“ Ok “ ’ Cancel ” ’ Apply ” 44
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Home | Data Tools
CliiEEl sty ./ Main . Inputs {from GT to FMU) I-/ Outputs {from FMU to GT}II ./ Parameters ./ Internal Variables Plots
Wt GT_Slave_Engine
GT_Slave_Engin ; Signal Description Signal Name in FMLU Signal Mame (Transmitted Tnitial Cutput Durs
3 (i = IZ‘ Attrib.. Wirelesz v Walue it
5
1 Ereine Speed - Raw EngSpeed_Raw ign|es| [nitEneSpd]|...
2 Engine Speed - Averaged EreSpeed_fve ign|...| [hitEneSpd]|...|
3 Engine Torque Ene_Torque i || 50|
4 Intake Manifold Pressure Press_IM | 1 Lisa]
i3 Compreszor Prezzure - fveraged CompPress_five =] T
f |
7 | |
4| 1 | + IL8 ot
“ QK ]I ’ 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: Filter: | Mo Filter ~
Main Main
D | Qutput Name Unit Required? Uged D Thput Mame Unit Required? Used
1 Engine Speed v L 1 Engine Speed v P
2 Throttle fingle v 2 Throttle fingle v
3 Waste Gate Diameter v 3 Wazte Gate Diameter v
4 Fuel Ratio v 4 Fuel Ratio v
oK I Gancel Add and Continue
J
/
/
/
/
/
/
J
/'
/
Main ENGINE_FMU. 12 TRANSMISSION WEHIGLE DRIVER, ECU TGU Mode|_Description
/I
/
/
/ —
/ -~
/I -
7
annnny
N
1l = .
I by
% P . T 4 + Flywhee +
; H T » (A 1 Damper ;
EMGINE = : G \ Torqué Flywhegl|-1 _ Flywhegl-2 ToPart_9
Sigha 5:4—1 - H | \ i
B . 3 \ Flywheel
- . \ Sprin
_L’: A + N | BRI ...
\,
LA L[~
N
N
\
\,
FMUImport \
N
kY
=] Output Signal Editor for part GT_Slave_Engine-1-1 X ﬂ Input Signal Editor for part Torque X
Link ID for part [GT_Slave Engine-1:GT_Slave_ Engine-1-1] Link ID for part [Torque:Torque]
Filter: ] Filter: N EIEEE. o >
Main Main
D | fautputihano H Requid” | Used | D ‘ Input Name Unit | Required? | Used
R ~
g Eneine Torgue v I n i T i = v I
4 Intake Manifold Pressure
5 Compressor Pressure — Averaged |
oK Cancel ‘

akK

Cancel ]

(#5)) FMUImport ~= > VU EEE /R 2 E L, M2 2% 58

&2 ymwtiis AEEHE L T

(RETES

1IN
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- BHEET
GT-ISE 7 HiEfEEY VI ab—a v P ETFTHE, SHEREEY £,

B -9~ |7 | o o @ R
Find

& Template ﬁ_

| &% Find Value

[>] Preprocess

,_ N
L Run | View . s

l Map Model Model Setupl Optimization Resuls =& Distributed Queue |
- - :

-

Template |
[T Paste J Library

= =]

t

[I-—-—_——I Skip To Stop Pause Switch to Messaging Teeele Manage ‘Wiew Results

Next Case Simulaticn and Keep Traditicnsl Font Size Window Perspectives (completed
(end of cycle) (end of cycle) License Messaging Color Misibility cases)

- v v - v -

() MESSAGES =0 1 fEal § N2 (] sTeaDY STATE sUMMARY BB~
INFO Shared object versions used: A Variable Unit Value Variable Value

C:\GTI\v2017\GTsuite\bin\win32\gtstoredp.dll 2.0000 Case 1of 1 Flow YES
C:\GTI\v2017\GTsuite\bin\win32\gtmt.d11 2.0000

Case Setup Number 1 ODE NO

(GT—SUlTEﬁ INFO Allocating Object/Part memory... OIase Label (.0
(GT-SUTTE A1 1nkg ToconvConn_TQCC Time s 30027
:vehicl The entered torque ratio data or actual torque converter GCPU Time h:mmss | 0:01:45.72
L = | operation exceed the speed ratio of 1. Torque converter
To Open efficiency is defined as the the product of the torque rati:
and the speed ratio. Please verify the performance
| Press T characteristics of the torque converter and driver behavior

BECorr; to ensure accurate results.

INFO Allocating special part array memory...

-l e

(=) i LEGEND: 4 Cylinder SI Engine/Vehicle Example

‘| INFO Wall Temperature Update Interval is set to “"def".
BEV‘ The timestep for wall temperature calculations will be 0.5 G VEHICLE
é} i (The smallest of 1% of the total simulation time, (] PROGRESS B x

the RLT update interval, and 0.5 sec.) Variable Unit

) Vehicle Speed|km/h 35584
=) Oc INFO Total Number of Parts = 110

= @) v
[;j -

Percentage of Completed Cases — (&

Case Number: 1o0f 1

< >
Case Setup Number: 1

m

(] GPU % BY CLUSTER BB x
ODEOSTEAD\‘; 1STAT§ N °°§x§°1“t":goc2)gzge” oD c‘ﬁ“ 1 (Column Case | (Steady-State Auto Shut-Offca) - 5% Varisble]l Type | OCluster | %(
elo. dvmax = o at cmp :
NO Torq. dTqmx (%) = 199.4367 at cmp : AXLE-REAR-01 ! |ODE/Mech |ODE Cluste..[100.00
0DE STEADY STATE - ODE Solution Cluster: ODE Cluster 1 (Column
NO Velo. dvmax (%) = 50.0811 at cmp : CAR
NO Torq. dTgmx (%) = 198.3032 at cmp : AXLE-REAR-01 v

> ¥l <

P s HRESEE T LBMEES FMER - EERA WG
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172  GT-SUITEANLDI Y AFKR— bk (FMU 4£RK)

+ FMUExport D&% €

Y — )V EEEOZTELREE T H7-01Z, FMUExport 47 Y =7 F&HEHL £,

1. Microscfl
= Studic 20°

S—— v

& \:Eée« P FMUExport

3. FMIv.8

4. Inputs, Outputs snd Parameters
in "Signal Name in FML" lists. Ing
can be oreated in the "Link” Map

5. In Cutputs tab, "Initial Cutput Ve
during inttialization or for the pref

6. Hit "Export” in FMUExport tool
go to "Tools -> Ecpod Model as |
will open, and the FMU will be ex

Lo

"I.mpt

[T]

Export Option 7 # /L' @O Available Compiler TIZfEH T2 2 /34 7 Z %R L, Complier
Installation Directory TA A h—/L 7 3 VX %55E L E 3, Platform Compatibility Ti%, FMU 73
FHINIREAZIEELET, 7UV4 R Tk, FMU O 2 —HEREICHBW T, GT-SUITE ©1 > A k
VP TENE I NERIRLET,

b ey +" Inputs {from GT to Master} " Outputs {from Master to GT} " Parameters Plots

B! FMUExport

Z}-E FMUExpart Q Attribute Object Value
FMI Version w2l -
Available Compiler MS_Vizual_Studio 2017 -
Gompiler Installation Directory Ci¥Proeram Files (xBE)¥Microzaft WVisual Studio¥201?¥00mmunity|;|
Platform Compatibility winbd -
@ | Standalone
@0 | Meeds GT-5UITE Installation

I oc | [ owe | [ ey |

HE B BEEHE & 7 VI E RS FMIWEN - R WG 47
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Inputs/Outputs 7 4 /L% Tik, ZFETEFE2EELE T, Inputs 7+ /141X, GT-SUITE |25
> — N ~NEIT(E 5 2R E L, Outputs 7 /L4 Tld, > —175 GT-SUITE I~ X515 52 7%
iE L ¥ 7, Signal Description |$H.72 HFEE T, 7 VEE EEH IS Z &1EH Y FH AN, Signal
Name in FMU (I FMU & L TOEFH LD | Y — 72 ETHAAENET,

Object Family : i Inputs {from GT to Master, l.a =
B rebess: " Export Optiong| «" Inputs | ) Outputs (from Master to GT) ./ Parameters Plots

;. 5 JExport ; Signal Description Sienal Mame in FMU fiireless Signal or RLT) ‘SendSignal’ Initial Input Yalue
B l;‘ Attt Named-Signal Name

1 Engine Speed - Raw)... EngSpeed_F{awE iEn I;| 1B [aes I [aee ]
2 Engite Speed - Averaged|...] EngSpeed_vaQ‘ ign Q‘ I [aea) laos]
Bl Engine Torque|...| Eng_Torque|...| 19 IR o sat
4 Intake Manifold Pressure|...| Press IM|...|| TIhtakeManifold:2..|...| I o ]
] Comprezsor Pressure - Aver.o.] CompPress_fvel... I |ana [ sl
— — —
|[ OF ]l I Cancel |] ’ Apply ]i
Object Family " =
4 " Export Options . Inputs {from GT to Master}j « Outputs {from Master to GT}} .~ Parameters Plots
PRY FMUEspart 1
= [Expart i Signal Description Signal Mame in FMU Sienal Mame (Transmitted Thitial Qutput Duration at Initial Cutput
i B Attrib.. Wirelezz ) Value {(Cozimulation Only)
T -
1 Eneine Speed]... Ene_Speed|... ignl..]  DnitEngSpd][...] 001 o]
2 Thrattle Anele ... Thrattle_fne ... ien Eﬂ 20 X3
3 Waste Gate Diameter ... WiG_Dia f... ignl;‘ DI;‘ 0.01 I;‘
4 Fuel Ratio|... Fuel_Ratio|... i8N [aae 1 [INIR] !
i
— — !
[ o [ oo | [ eoor |

> — M55 %I 121L, SensorConn %4 L TIEE DO 5% FMUExport ~##i LE 7, (HHW
I%. Inputs 7 +/V# ZFIH L T, SendSignal »HE5 %% T ->720, RLTEZZ TR0 352 &
HHkET,) MY — b DOEBEEZITED 21X, ActuatorConn %41 L C FMUExport & /L& D/ 3—
Yot LET, (DI, Outputs 74+ VX EFPA LT, FNRA—YMEELZEDL T EBHRET,) A
HIE BT 5 Z & 3 ARE T,

AEEETS ABERE L TS EMERS FMIEM - BIMA WG 18
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FMUExport
i E_L . Microsof
= =
z - Studio 20
@_‘_‘_ Com g L.’,%"'
: - . 2. Openthy
BT i | T
ineSimed ot e
1 3. FMIv1.0
4, Inputs, Dutputs and Parameters
in "Signal Name in FML" lists. Ing
can be crested in the "Link” Map
5. In Cutputs tab, "Initial Cutput V3
) during initizlzstion or for the pref
Cadmy
E. Hit "Export” in FMUExport foolb
go to "Tools -> Ecport Medel as
will cpen, and the FMU will be e
o Imp
RPM -
=t
| »
|4 \
\
\
\
\
\
\
\
I \
I == I \
\
\
\
\
\
ﬂ Input Signal Editor for part Engine * '\‘
II ‘\
Link ID for part [Engine:Engine] i \
/
Filter: / ‘\‘
Main ,’I ‘\‘
/ 1] \
II ‘I
i | Ihput Mame Unit Required? Uzed 4 v
\
\
Il Eneine Speed (RPM) RPM v 7 ;
- \
2 FMEP {FMEF} bar ~ \‘
\
3 Friction_5R. Goolant Temperature K w \‘
i Friction SR Qil Temperature K ~ “\
i \“
\
= = \
Ok Cancel \‘
\
ﬂ Qutput Signal Editor for part FMUExport X
Link ID for part [FMUExport:FMUExport]
Filter:
Main
1D | Output Mame Unit Required? Used
I 1 Engine Speed v 4 L}
2 Throttle Angle
k] Waste Gate Diameter
4 Fuel Ratio v
R Sienal R
(o] 8 Cancel |
) >y —nmnbxy

VIRl E A TS B

BB S [ B L

SMEE =

~

FMI G - B WG
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| 2l Edit Links X
Link ID for part [4CylinderAverager:CompressorPressure] Link ID for part [FMUExport:FMUExport]
~ Filter: | Mo Filter ~
Main :Main
D ‘ Qutput Name Unit Required? | Used | ) ‘ Input Name ‘ Unit ‘ Required? Used |
1 Qutput 4 HE Compressor Pressure - Averaged v I i
|6 Signal §
oK Gancel ‘ Add and Continue I
ﬂ QOutput Signal Editor for part CompressorQut *
Link ID for part [CompressorOut:CompressorOut]
Flows  Thermal Fluid Properties  Gomposition  Refrigerant
] ‘ Cutput Name Unit | Required? ‘ Uzed ‘
1 Prezsure (Static) (p) bar ~ 1~ I"
20 Preszure (Totall (Ptot) \bar ~
3 Mazs Flow Rate (at the Boundary) keis R v .
17 Velocity (at the Boundary) mis ~
26 Mach Humber
QK GCancel
\\
\
FMUExport
; v 1. Microsof
@_‘_\- CC:HE. arir = Studic 200
——— P%u&
2. Openthy
"Compiler
g\ See FMLU
3. FMIv1.0]
4, Inputs, Jutputs and Parameters
in "Signal Name in FML" lists. Ing
can be created in the "Link" Map
5. in Cutputs tab, “Initial Cutput W3
3 T —] during initizlzstion or for the pref
ThedhtTie
Comp &. Hit "Export” in FMUExpert toolb
go to "Tools -> Ecport Model as
will open, snd the FMU will be e

! p—
=
= Engine
) fhy —nilica 7 vy OFETEZETS
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=7 AFR— b
GT-ISE ® A ==—® Tools U R > M5 Export as FMU or MEX % &9 % & | HEIRIZ FMU (*.fmu
TrAN) NERSIVET,

@ [

ﬂ ‘;& $ N FII: [T Export as FMU or MEX | ~

@ GT Excel Spreadsheets
Python Vehicle Newral Network MNewral Networks Meas+Pred Ewvolution
‘ Script Builder Wizard for Linearization Converter Manager #4 Configure Default Units

Utilities o

AR L7 FMU (&, Y — /L TRiriABME 9% 2 L 23 ATRE T,
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1.8 ETAS VECU-BUILDER

ETAS 23 42fit9 % FMU 4 5% —/L VECU-BUILDER X L4 T OBEEE &2 i 2 TWE T,
- FMI 2.0 #EHL
- R D FMU (2 XCP A L — 7 H§e & £ 5-(BA T INCA 72 & & i #EA vl hE
- ERKT % FMU I Solver #Nj L =22 X = L—3 = AR
- CY—Ra—K, #7V=7 b7 744, DLL 5@ FMU 4%
- AR RIA TR DFT
- Windows 3 X T Linux (2%}
FMU OAERIZHE T 5 Z L2k V. ETAS COSYM #4a & L7z FMI #loa v I 2 L—2 L DY
—NTF == T IR T D Z LN AREL Ao TV T

RITHRE

A | T CEE
Co-Simulat ,/
7’ ETAS COSYM
e, ' ’ -
e __ | VECU

§.— N s 15 m .

i 148 3 Controller
|III|% : n_.

T FMUChecker [1~20>

Controller / S y
________________________ g |
\
# 1y N
= N
ETAS VECU-BUILDER 7 \ = ST
; [Ems vecumunoer | | (Ve .
. fmu g
Controller Fity
n =65 | IR
~-> [ ’ 1
FMUChecker |i__ E ¥ —
# [FMUCheckers 1271 =Y =L Visual Studio

X 1.8.1VECU-BUILDER & — /v F = — &R

Flo, a~v U RIA L A B =T 2—=ATHDID, ENR AT T4 Dy FAUBIHEIZAE
FRATy Z ENTE LT,

181  FMU DR

VECU-BUILDER i%, FMU ®it & 7257 7 A W(C Y —Aa— K, A7V =7 7 74/, DLL 72 &)
& YAML EXORET 7 A Vit FMU 24 L £,

YAML 7 7 A )V TlE, A7 7 A0, AHTBIOSBRT G55, # 2788, EEPROM O#E)E, 4t
EHOA LI N—FR« 77 A NI EERFEICRET D Z ENAIRETT,
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T

X 1.8.3 YAML 7 7 A VB ARG EDRE

FMU (Za~> R4 VETICE VAR ENE T, FMU O L RS EMEMER. T /3y FEIThR Y
DO—HEDOMLEREEIL., Ny F 77 A/ LT VECU-BUILDER O/ THE SN TWET,

& Wi 32% - o X

ISR Tl B C¥Windows¥system32¥cn

X 1.8.4FMU vV ROEF(a~r KT 4 VLT

1
w
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182 FMU DA UR— bk EEST

FMU OFATIZEE L Cid, FMIWCHER L2y a2 L—X2H L7,
CIZTIHETAS Dy =2 1L—#% COSYM # Wi L £,

FTFHTLIEVWFMU 24 VA AR— b LET, ZHEFEZ 7 F A M A=2—0 Tmport model | 7547
ZFET,

€3 cosYM V330 - o x
® METI_demo eTAS
v [ Library
B
],
(® Create model > I_Vlronmem
® Create folder K
Driver Vehicle |
[—' 3/4 2/3 22 3/16
v & Systems
B
> & System

X 1.8.5 FMU ®A »A— b

W, A A —=FLEFMU 232 2b—2a 350 ATATEMLET, ZHUIA AR —hL7EE
FHDOY A RNMLRIHBERADRT T « T R Fay A2k FETTxET,

COSMV330

o
®
Fie  Proj
& System 2 Ubrary
L Q 1aa% [}
Bl sl &
SO
Driver Vehicle oy 7
34 23 22 3/16
2 Systems
> @ System
I
I

Deploym

Properties XCP Config

X 1.86 Y2l —varsTBH5VRATL~DFMU OEE

Z LT, B0 s A7 ORITIAF 2R E L ET,
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sbraey
ks w

&
HOES—K ANBE—E -

wed
o o P — e o
EEEERE—R
=

X 1.8.7 7 m v 7 BOEB DR

Uk T L6, [BuildandRun] 27 Vv 27 LET, I ab— g o OERBmOIEE L, 7iH
AT LTy a2l —vay s VAT LAOEMELZMERTHZ ENTEET, B, ANGEEFOBRESTE

=X RHBROEFDORRRED GUI O H Z O EFREEH TITVE T,

&2 pmEiiis AREHEE TS UEBMESS FMIER - BERN WG

£ Workspace Ele.. +, Expeniment Exp
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1.9. 5 2> Modelon Impact

Modelon Impact (%, E7 2 40303 L7z Modelica Sit &= AR — 5V AT ALV I 2l —va v
Y — /LG9, Modelon Impact TiZ 9 XTD I L /XA )VFEHDET /UL FMI OFEHEICHER L TH Y . FMI
RS L2 BT VOER, Fif, Y2l —val a1 2ENTEET, FICUTOMEZA LTV E
7

- FMI20 #%HR—FLET,
- Co-Simulation & Model Exchange (=27 AR —FrDH) ZHAR—FLET,
- Windows BX O Linux (frE=~ F) Zxfs L TWET,

%72, Modelon Impact ® 51— /LT %5 OPTIMICA Compiler Toolkit & FJH L7=354&. FMI ~Dxt

IS HHEREE L B TE X1,
- FMI1.0KOP20%U AR —FLET,
- Co-Simulation & Model Exchange Z %4 — K L% 9,
- Windows 3 X O Linux Zxfit: L TWET,

1.9.1. FMU D1ERL
Modelon Impact @V —27 A~X—2 (Workspace) (& HET /LD FMU 24T 2356, XIRET

NEFZ Y v 27 L, Export FMU Z&#R L £3 (X 1.9.1),

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

15U
O=duWiLyers
dais

Copy path
LIBRARIES Add to favorites

B 1.9.1 FMU 4R

WO (X 1.9.2) Tix, FMU £UCBT 247 > a U idFoREnE 3, TOW, FMU OFfE$H (Model
Exchange @7, Co-simulation ®#4) %i#UNE 3, Co-simulation ® FMU Z#A GG, VIV GE
Na~y REFRTLIREO Y L NIRIEIZ 72 D F97,
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FMU EXPORT

The model will be exported as FMI 2.0 compiled for Wing4

O] O

Model Exchange Co-simulation

e Export settings

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

CANCEL EXPORT

K 1.9.2 FMU =7 2HR— hRE
1.9.3 @ Export settings (2L D, 1Z0DOA T a VERENTEET,

Application Execution Export Units Storage Workspace

FMI version 20

Target platform Win64 -

FMU format Model Exchange ‘ Co-simulation

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

Relative tolerance 0.000001

Fixed step size

X 1.9.3 FMU =27 25— FDFHRE

1.9.2. FMU DA >iR— kEEFT
FMU %24 >R —  NT2384. ELOU—272AR—2T 50 Ichi A o F— R 2k v FMU &
7 /L (Co-simulation 2.0 D#&) ZA > A—FLET (X 1.9.4),

Modelon Impact
EEE_CDC ¥
Your recent editable models

- Workspac

> CDC2023

» FMUMDod 7

= . DB x
? > Eretosdes ey

FAVORITES . * *x
LIBRARIES b Friction_input PID_Controller New
» @ arc

> Examples

>

> .“*.-.i.-.‘

X 1.9.4 FMU A & — bk

& HEV RS AEEG#E L =7 VMM ERS FMIIEM - REBRG WG 57
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A VR—=MNEDRy r =V RIRL T, ET V& R —FLET (K 1.9.5),

IMPORT FMU

Name

Workspace Friction_input

Package

FMUmadel v

CANCEL IMPORT

X 1.9.5 FMU A v &R— RRE

1

FMU #3173 512015, /1 VAR —FESNTEET NV EET LAY U NRAIZRT v 77 RRkey 7 LGB
mLE4 (¥ 1.9.6),

a B ssrem W Experiment 1 (default] W Results - & @
== agram - (s -
= | U b o system
e * '
INFORMATION
PROPERTIES »
it
S
o _input _
. COMPONENTS
FA + ]
@ I -
. S—

Friction_input

M 1.9.6 FMU ZfER$ 27 L6

AURR MZHE TNV v 7T 58 NTA—FZRET HMEHBIL, INFORMATION % 7Tl
ETNAVDOERPHRTEET, PROPERTIES # 7 C/HRTA—FEHRELET, NTA—FRNET LT
FEIS, ETNADONRTA—=2E FMU ETVONRT A= PRERINET (K 1.9.7),

A

B system M Experiment 1 (default) il Results a @
J/6 8 = :l@ Friction_input
INFORN‘IAT\GN hd
ModelDescription Attributes ;,E?—_‘ /1/.%; i&
>

“« <

\ 4
-— -
V
v

startTime

2 > COMPONENTS >

Friction_input

X 1.9.7 FMU DO/RF XA —ZRE
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A VR —F &7 FMU %, ftho FMU 3 X O Modelica @ =2 > 7" > b LA LT, Modelon Impact
TOVIal—vary&EFT U TRHRER LN T ET,

o, BHEO FMU £V 2 — Va2 fa LT VAT LAETAVEERT 22N TEET, K 1.9.81T7
L7=DixZ0—fFIT7,

a M -

=3
:-f b
Friction_input > m']l;
b J
o i SignallOEvaporator
> fmi—

switchWithArc

B 1.9.8 HEHFMU THEK LY RT LET NG

1.9.3. OPTIMICA Compiler Toolkit @ FMI H-7R— ~#8E
OPTIMICA Compiler Toolkit (i L C OCT) I Modelon Impact T S b5tHE =V TT,
Modelica =2 /3X14 T & VU AEfifz2 TEY | EE{LCEFIREBOFRERE, ¥4 FIv s Ialb—v
a Y PANOBREZ 1RHE L £ 97, Modelon Impact CTi& OCT % % —x/L & L T® Jupyter Notebook & #i
& L. FMU &7 VT & RERIT 21TV E T,
- FMI1.0 XO'FMI 2.0 #%HA—hrLET,
- Co-Simulation & Model Exchange Z %4 — K L9,
- Windows 3 X O Linux Zxfit: L TWET,
Modelon Impact @ Ul 76 JupyterLab\Z7 7 tv AL, /—b 7 v 7 ZERLET (X 1.9.9),

A o &

A

Modelon Impact

All

introduction
IF

ME

X 1.9.9 JupyterLab % FEONH

J— K7 v 71X Modelon Impact ¥R >T, V—7 ARX—RIZHDHET N EHAHID Z ENTEE
9, Python =— FX VW EF LD 2 31T L £,
(a) Modelon Impact DV —2 A_X—2 L L RNt G & e 587 VA G £97,

BBV &I BB EHIE &7 VR E RS FMIGH - RERE WG 59



FMIJEHTA R (k) ver2.0.1

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

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

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

(b) FMU 7 V&4 LET, ZZTIEFMU 7 AVOREA2#HE LE T, 7 7 4/ biE Model
Exchange ® 2.0 % A 7L 720 £9, ApATaE7Z FMU €7 V1% 1.0, £721X2.0 X—Y a3, £
L T Modelon Exchange, Co-simulation, F72/% ME+CS ¥ A 7N &EUE 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='winéd', fmi_version='2.0").wait()
inverse_fmu = model_inverse_capacitor.compile(compiler_options=compiler_opt, fmi_target='cs', platform='linux64').wait()

(¢) ARSI FMU EF V57 AHK— K LT, BT EITWVET,

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

(D) ZHO0FEFTNAEZENY £9, (Co-Simulation V—7 7 1 —)

# Load CS FMUs
from pyfmi import load fmu

cs_direct model = load fmu{direct fmu_path, kind="(5")
cs_inverse model = load fmu{inverse fmu_path, kind="CS")

from pyfmi.master import Master

# Define model and connection Lists

models = [cs direct model, cs_inverse model]

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

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

(e) AR — MUEZRH L TADLET,

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

offset = 9.

amplitude = 1.

frequency = 1.5

times = np.linspace(@,1,100)

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)

) fRfrzfT L, MiRa R LEd (K 1.9.10),

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

# Set communication interval
opts = coupled_model.simulate_options()
opts[“step_size"] = 0.881 # "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)

il HE B BEEHE & 7 VI E RS FMIWEN - R WG 60
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# Plot capacitor voltoges

plt. figure(l)

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

plt.ylabel{"Current [A]")

pit.legend()

pLT. show( )

Current [A]
=]
[ =]
1

-0.2 1
0.4 -
—0.6 1 — tapac.ltorl - direct
= capacitor | - inverse
T - 2 7 p ;
0.0 0.2 0.4 0.6 0.8 10
Time [s]

X 1.9.10 Jupyter Notebook T? FMU f##T# R
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1.10. VenetDCP

VenetDCP /X, HZT XNV U a— g AR ESAED BT 508 - kv I =2 b—va v y—
T, FEECNN— g v OREAV I a2l —a Y — a2 EETAZ LR TXET,

EEO FMI A2 H LB I 21— 3 o Tld, 5 4% FMU (=7 Z4R— F L THFICS
TFETVERHY T, ZOHA, T/ AR—FINEETNVET T IRy 7 AERY ETNVEZIT
Bo-HOBNRY I 2l — g TXET,

EEOFMIEEEERULERSSIV—23 N EZUEOEAIOANS =1L — >3 %T S
(THRR—FENEETIUSTSYIRYIR)

FMI Export sthzy—)L FMI Import Sthxy—JL

frny ey (FWH L

FUNCTIONAL
MOCK-UP
UNIT

VenetDCP Zfi L7-EHK > I 21— a0 TliE, ETAEZZTEITICEOYIal—Yg Y —
MTEWEEES I 2L —arTEET, ZOHG. £ET /ML VenetDCP 234553 5 FMI i@{E#
R ry 7 [INZ2axy 2] BHBPACLERHY £, 2o AZ2axy 2%, FMI2.0 o FMU T
ESNTEY, FMI2.0 A > A— MRS T5 I 2b—ya Y — L THEHTE £ (FMIS.0 D%
— hHEE L TWET),

NRAART B EMBPIALNTEET VT I 2b—varZBbT 5L, ZOETFTIINRAITIRT X 2f%
ML THOETLERYy NY—ZBUICHERLET, I 2 b—3 3 U VenetDCP |38k S 7-%E
TG BRI S0 SRR TICEES S 3, Zhicky, o Iar—rary—%
BHALEF CEE ST =08 - El Y S 2 L—a UATREIC AR D £, £72, EF AN FMU I &
K= FENTWARNEDRIOEFAEBEETE, EFANFRICHLEORNLT DY Ialb— a0V
— L THRRZHERTEET,

VenetDCP®%H{EBUEERYSIL -3

ETNAEZHESTIC,

FMI2.0 Import &Y —)L TTOY ) OFFSENHT FMI2.0 Import 3EY—I

EHH ROy )L &

— Rl (RSB g s —]

S my| | BoEine v —/ = FEEE ety

. : BIELESZL—33y . e .
: AR CED

B amaiiis AREHELE TS AMMERS FMIISH - BB WG 62



FMIJEHTA R (k) ver2.0.1

VenetDCP % W20 « Bk I = b—2 a Y OEFIZIE, LT 3 DDA T v 7R H 0 £7°,

Step 1 Step 2 Step 3
BIEEFET T ILOIER - .
(B3 BEFILES ALY LS~ eigm) TS ke Sl der
ERTZEFNOURF ‘
—— i — R ==
— s - FAIRIIERY 1l il
= 'fmU p -
prae. - n == FMUZPA )l
e — e (EHEERR)
JBEXHITA
T: ES0ETE
R:ESEEETS

£l : COSYMDIES

1. T@EER7 7 AV ZERLET, BEERT 7 A M, BETADBROAINES . HIE
WE~ Y72 (ETAEOES/R) il 7,
2. [RRaRxZHER] VY MIBEERT 7ANVEANTIL, NAaX 7 ZEERLET,
R LToN A a7 2% B - #ily I ab—2a VOSINFICEA LET,
3. NRax 7 AEETNVIHALIARET, %Y —1LD FMI A R R— FFIEICHES TS TEEW,

PLUFIE, NRaxy ¥ EMABAALTEET VOFEITT,

- B&%ifl 1. Simulation X & DG

ul 2_BL:s_ﬁ ul

= tmdUp 28
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0 - and facilitate
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- Bl 2. ETAS COSYM

G [ &)
® cosYm ETAS
Flle Project View Help

SystemATS v Library
< Q 100% @ 808
~ & Control
B AT_ent
ALT CNT_ R sample_bus.fi A clir ALT CNT_Tx_sample_buflimy » D BusConnecter
‘ 44 44 11 n | ) ENG_eNT
B ™_eNT

ENG_CNT_Rx_sample_bus_fflu

ENG CNT T sample_b [®) Vs_Sync_fmu

55 65 D Environment
DvECy
TM_CNT R sample_bus fhu ™ TM_CNT T sample_bus fihu
ke n 33 3
~ Systems
=]
Ve syflim. ~ & SystemATS

Connections

@ TargetATS
v & Units
B ALT_CNT
[€) ALT_CNT_Rx_sample_bus_fmu
) ALT_CNT_Tx_sample_bus_fmu
) ENG_CNT

[¥) ENG_CNT_Rx_sample_bus_fmu
) ENG_CNT_Tx_sample_bus_fmu
) ™™M_CNT
) TM_CNT_Rx_sample_bus_fmu
) TM_CNT_Tx_sample_bus_fmu
B vs_Sync_fmu
Deployment

Artifacts Parameter Assist

B 3. TR

Twin Builder

NRAARXRY BEMBPANTEETT VT I ab—a Y ERET 5L NRAax 7 ZIXEENIC [

e Ial—Yararyitr—7|

Rt SN E T, TRTONRRIaRT PR SND Z & T, oHC

WY I 2 b — g VBB ENET,

PC1

¥Xalb—4%1

PC2
VenetDCP®

SHER S o b—3rn
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8
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» e o @[55 0 [§) 9551 @ - G @
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NTOV sampletn 16 ) 0 i
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1.11. OpenModelica

OpenModelica IZ. Open Source Modelica Consortium TPi% & 41TV % Modelica & H L7z
Jalb—yaryY—LTY, ZoOY—ME, BETAMIATHES, SR, N—Ya 1.21.0 TO
FAITTT, A=V a VVETOHEEICONT, £ LIL1TIRLET,

# 1.11.1 OpenModelica FMI A > ¥ 7 =~ — A i#RE—&

FMI {ERKE&RE

FMI N—> =

1.0, 2.0

e Model Exchange, Co-Simulation
0S Windows, Linux, macOS
TAELA FMU {ERkHY @ R

YERR L72 FMU OZFETH; © A3

FMI A tRE

FMI "—> 3 2.0

B Model Exchange

(0N} Windows, Linux, macOS
FA LA FMU FiARE : R

FeRIA LTS FMU O EATH - VERANC R TF

1.11.1. FMU QR
FMU OAEFIFAEIC DWW T TR L E T, FRNCA T Y a » CIRAFEEFT S ORES LI £,

IFGHETIE, Y —A>F T a U>BRICT, BT 4 L7 P EZRRELET,

o& OMEdit - #7v3Y ? x|
[ET== i 2]
g 347351 1 s#Ee M
E Text Editor PERFALIN): rﬁ/ﬁwnws&mpxe_soi/ﬁ) 102531 Openodelica/FMU || 759
Modelica Editor W= = PATAA L * 24 2]
MetaModelica Editor [A 2 —HaGITth2ATA TMITE

K 1.11.1 OMEdit-4 7z ST THEEXT 4LV 7 N 2RE

FMI 1.0 £ 2.0, & L< % Co-Simulation & Model Exchange DI5EIL, ¥V —/NA>F 7T 3 >FMI
12T, BEHLOR=Ya v A TEHIBELET,
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o& OMEdit- #7v3y

F 2=

& 5175
Text Editor
Modelica Editor
MetaModelica Editor
CompositeModel Editor
SSP Editor
C/C++ Editor
HTML Editor

ot 7577197¢2-

P val-vsy

0 p-y

O ==

N\ 20251)

&L 25T

B Joyk

Figaro

71

FELL
A EV
O 10
® 20

B{7

(® Model Exchange

O Co-Simulation

O Model Exchange£Co-Simulation

FMI

OMTLMSimulator
OMSimulator/SSP
< Traceability

<

FMUZ: [<defauit>
Move FMU: [<d|re-:tn:r;w name or full file name with placeholders>
Platforms

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-gnu 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-wb4-mingw32 docker run —-pull=never multiarch/crossbuild

[ arm-linux-gnueabihf docker run --pull=never multiarch/crossbuild

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

|Oomma separated list of additional platforms

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

Mo o e e . F T

>

* KE(IARSERasnEd.

| vk

o

B 1.

11.2 OMEdit-#4 7 3 vz T FMI #&7E

B wmwiiis AEEEEE TS BMERS FMIIEA - BN WG
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77 AN>ESHLSFMU 28R4 5 &, FMU 2AMERsh £9,

o& OMEdit - OpenModelica Connection Editor - a X

'774ME) REE Ca-( SSP  Y3Iab-u3U(9 DataReconciliation Sensitivity Optimization 7/(7 (D)  Y-ID AT H)
> New

"X \NOHOTR <= E- O9E S99 -

W ETFWS1T59ERK Ctrl+0
. portJ1 [x]
IV31-FahizModelical?/ VERI/ERTD

B el £23TH | Model | 51755062= [ porty1 | I Downloads/S-+enModelica/ J1 Modelica. MEmo | (s |
=

Load Encrypted Library
SR771ERC Ctrl+Shift+O
ERI7ERC

Unload All

New Composite Model
& Open Composite Model(s)
ABOEFIMERED-F

Open Directory
TaSD
B &= Ctrl+S torque?2
B siztEz
INTRE P
torque | &
Import > :I e % LWL
|EHL » To Clipboard
= J=Tkem?2
SRFLSATVS o Lt e
Manage Libraries » [EoEMU
Read-only Package
BEEEIPIND L2 Encrypted Package
BESELI7VEIY? - XML
& 8. Ctrl+P B Figaro
@ To OMNotebook
#T Ctrl+Q [T —
v
< >
EFIEFMULLTBEHL Lz ArFs BIovk @ Debueeine

X 1.11.3 FMU ~7 7 &2X

Aot—UT7 I UPIT, ESHLIEEORR (k) - K PR TE £, DO HEIE, [The

FMU is generated at ~| &FRRINET,

All Notifications ~ Warnings Errors

A
[28] 08:43:34 2HYF} i@
The FMU is generated at C: Sample_3p2/
ID102531 OpenModelica/portJ1/portJ1.fmu.

v

il HEV RS AEEG#E L =7 VMM ERS FMIIEM - REBRG WG
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1.11.2. FMU @ 1 > iR— b+
FMU O A 78— MZDWT

TR LET, L, A VAR — L7 FMU 33T TE RN — A7

—

ZxHYETOT, AENFFETETTE L — A2 ZHALET, A R — &2 2012, Y—n

>H 7 a > a2 lb—y 3 27T, [Enable FMU Import) (Z2F = v 27 # ANV CHEIZLET,

o& OMEdit - 1737 ?

B 2w -
& 5175

E Text Editor

E Modelica Editor

E MetaModelica Editor
E CompositeModel Editor

E SSP Editor
E C/C++ Editor
E HTML Editor

uﬁ J3774v7¢1-

Translation Flags

Global flags applied to the Simulation Setup dialog upon the fir
For subsequent simulations, you can change them locally using

YFVIPINIIZ Lx: PFPlusExt
AVTYIMERT %

[/ Show additional information from the initialization process

dynamicStateSelection

[[] Evaluate all parameters (faster simulation, cannot change tt
[ Enable analytical jacobian for non-linear strong components
[] Enable parallelization of i
["] Enable old frontend for code generation

I (] Enable FMU Import

systems of i !

é b | Ve Additional T Flags: [—
| O ey
| - 5—yhERE:
N wamansn ¥l Z
* EESHRBERRENTT. vesk | Fevtl

X

A

v

X 1.11.5 Enable FMU Import %A%k

7 7 A v>Import>FMU %R L £7°,

o& OMEdit - OpenModelica Connection Editor

I74MF) | RWE) Ca~(V) SSP  YIaL-Y3V(S) DataReconciliation Sensitivity Optimization 5
2 New X \NOoHOTIH
W TWS1T59E8 Ctrl+O
IV1-Fe&hModelical? L EMUERTD
5475Y00-F
Load Encrypted Library
BRI7INERK
ERIPANERC

sanple1*
i 37350 et o

Ctrl+Shift+O

Unload All

¥ New Composite Model

W Open Composite Model(s)

ABOTTIMEREO-F

Open Directory

&= Cr+S
BaTRE

INTRE

Import 4
|EHL > FMU Model Description

Bl 1.11.6 A & — MEEE~T 7 &R

EE

Iz, WYIABRZEZIT) fmu 7 7 AV ERELET,

o& OMEdit - FMUEEAS ? X

FMUZEA

FMUD7 )b:
Model Name:
WAFAVINEIVEVY [IFo Output D
OB LA = =
051508

ANTRIREUOVES:

[ $HIRDREUOES
* L4 —F o -(IRBREPETT . GEALOTTWIBLEANBAZE A

Sanple_3p2/D 102531 Openhodelica/FMU/port 1 /port J1 fmu |

empty then the name is au

[Name of the generated model. If

y specified then the FMU files are ee | [ I56X..

R

1.11.7 BVYAHZZEITD fmu 7 7 A VDIEE

2 mmpiis AEEEE TS LBMERS

FMI & - Bepi s

n

WG
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AR=FLEFMUIZ, A7 7V ICFRSnET, FEITHA T 7T L0 2—ITRELET,

3473

> EI OpenModelica
> ModelicaServices

> u Complex

> 722 Modelica

@ samplel

> 1 | port/1_me_FMU |

bortJ1_me_FMU

V20

X 1.11.8 A »AR— kL7 FMU

1.11.3. FMU @47

EFEFTY >V I a2l —MITYIalb—y g 2FETLET,

o OMEdit - OpenModelica Connection Editor

JPAUF) REE) Ea-(V) SSP  YIab-¥3Y(S) DataReconciliation Sensitivity Optimization 7/(7 (D)

>-wB B o e e X

B 1.11.9

Y-IUM AT (H)

\OHOTR<KE 8- 99E P99 -
VIal—varDET

Tay FSEHT T UFICTBRILWERICT = v 7 2 AIVET, 2T R0 E8IR L 2B Ok R

MERSIET,

o4 OMEdit - OpenModelica Connection Editor - 6 X
J74IUF) $B%KE) Fa-(v) SSP  ¥31L-Y3Y(S) Data Reconciliation Sensitivity Optimization 7/(/ (D) Y=IUT)  AVT (H)
. U LT 3 csv Y, o
F-@BER BOee X 985 XPl-Ea4 S % &
28 Plot : 1 B8 zMIvY & x
A RA = AL ED == [Fitter Variables |92 42 &
l.x.l 2R Grid [JLogX [JLogY X [ —]
Simulation Time Unit s =
I — fMU_J1_Case1 Dymola ME_J1_.me FMU.Nj1 I ——— fMU_J1_Casel Dymola ME_J1_me_FMU.torque tau u
1.2 1 “ ’ II Time{0.0 Speed: 1~
14 =M [ Displ
1 v [ (Active) testooo
0.8 v const
08 ] Ok
] Oy o
04 v fMUJ1C..1 me FMU
] 0999998
02 1 1qSD 0
] [T debuglogging
0 ] [] der_inertia_phi_ 0999998
-02 - ' T B v . T . . . . ! m} der_inertia_w-_ 1
0 05 1 15 2 [ der_sp..e_phi_  0.999998
time (s) [ inertia J 7 v
< >
L0z ATy & Debuging
¥ > —
B 1.11.10 HAMBROBR & FRR

2 mmpiis AEEEE TS LBMERS
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1.12. FMPy

FMPy i%., R OBEREZ FF o EELD Python 7 A 77 U Toh V. Functional Mock-up Units (FMU) &~
Ralb—varETHIZENTEET
- FMI1.0, 2.0, BXW 3.0 (:X—%) ZHHAKR—-—FLET,
- Co-Simulation & Model Exchange # %74 — kL £,
- Windows, Linux, X macOS THEITTEET,
- ARV RIA U TIT T4 AN A=Y =T == A BL O Web 77U F— g v a gt
LET,
- Jupyter Notebooks # 1Ek T& £,
- SEOa— R FMU #a> 34 v, T3y Z7HO CMake 7 u v =2 hEAKTH I ENT
S
FMPy [ZHEARPZHERD FMU O A >R — b LkHE L TWEHA, 5O FMU %2725 25513,
Dymola D L9572V Y a— a2 ZRfHL S0,

GUIZHEELEL XD,
python -m fmpy.gui
TEROBEHEBERINET,

| © Fmpy - 0o x
File Tools Help

& C & 8 @ M o> Co-Smulation

mwmwea{

Recent Fies

“open a FMU” AR U F7E N7 v 77 FRry 7T FMU 22— KL TL7ZE0,

R al—ar¥lELIZIANRDNT A—5% Ul ECHEETXET,
HLLA Ty b7 A ERALEZTE, AEZ” Input” EEH9HEAEZF 27 LT, CSV7Z7A
NERETDHZELTEET,

BBV &I BB EHIE &7 VR E RS FMIGH - RERE WG 70
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RRLEWEREZRRUBAERZ 27 Vv 35 L,

&

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

File Tools Help

M > [s00 | [CoSREEERNY

(D simulation took 0.794

ariables T =
Neme Start Unit  Plot  Description A
© DF_PNT_DF_gear 63 a
B DF_PNT Driveshaft damper  632.45553... ]
B DF_PNT_Driveshaft_delta r... 0.1 [}
B DF_PNT_Driveshaft_delta .. 01 a
@ DF_PNT_Driveshaft_spring 10000.0 [m}
@ DF_PNT_eta DF 098 a
@ ENG_CNT_Throttle LL 00 O
@ ENG_CNT_Throttle UL 1000 a
B ENG_PNT_FuelCon_gps_m... 00 ]
B ENG_PNT_FuelCon_gps_m... 681 O
@ ENG_PNT_FuelCon_gps_m. 8505 a
@ ENG_PNT FuelCon gpsm.. 102075 a
@ ENG_PNT FuelCon gps.m.. 110625 O
@ ENG_PNT FuelCon_gps_m. 03675 [m]
@ ENG_PNT FuelCon_gps_m... 05025 [m]
@ ENG_PNT FuelCon_gps_m... 0.6675 a
@ ENG_PNT FuelCon_gps_m. 08475 ]
8 ENG_PNT FuelCon_gps_m... 102 ]
@ ENG_PNT FuelCon_gps_m... 1.1025 a
@ ENG_PNT FuelCon_gps_m. 00 O
@ ENG_PNT FuelCon_gps_m... 039 [m]
@ ENG_PNT FuelCon_gps_m... 05475 ]
@ ENG_PNT FuelCon_gps_m. ors [m]
@ ENG_PNT FuelCon_gps_m... 015 [m]
@ ENG_PNT FuelCon_gps_m... 096 ]
B ENG_PNT_FuelCon_gps_m. 12 a
© ENG_PNT_FuelCon_gps_m... 153 O
@ ENG_PNT_FuelCon_gps_m... 156575 m]
@ ENG_PNT FuelCon_gps_m. 00 [m]
@ ENG_PNT_FuelCon_gps_m... 0525 O
8 ENG_PNT FuelCon_gps_m... 0735 m]
B ENG_PNT_FuelCon_gps_m. 0.9825 O
B ENG_PNT_FuelCon_gps_m... 126 O
B ENG_PNT_FuelCon_gps_m... 15675 a
@ ENG_PNT FuelCon_gps_m. 0225 a
@ ENG_PNT_FuelCon_gps_m... 1.965 O

Model I
FMI Version 20
FMI Type Co-Simulation
Model Name PWT_PNT
Platforms win64

Continuous States 0

EventIndicators 1

Variables 3%

Generation Date  2018-03-30T00: 14:31

GenerationTool  FMI Toolbox 2.6.3 from Modelon run at
MATLAB (R2017b) win64

Description 0
Simulation

Solver Variable-step

Step Size 1e3

Relative Tolerance

O OutputInterval 00025

@ Max. Samples

[ mnput No input file selected
[ Apply defauit start values

[ Log FMI calls

[ pebug Logging

rabo_OVT _TM_PNT_rpm

tq ALT_PNTNm  wi_ENG_PNT_radps
tra_ST_PNT_Nm

YYYYYYYYYY
E
YYYVVYYVY

7'u oy MEmE AL ET,

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

File Tools Help

w C & E O mo»> CoSmuation

ariables T =

Neme Start Unit  Plot  Description A
@ TM_PNT torque_capacity._.. o7 a
8 TM_PNT_torque_capacity._.. 08 (]
8 TM_PNT_torque_capacity._.. 09 a
B TM_PNT_torque_ratio_tabl... 19 a
@ TM_PNT_torque_ratio_tabl., 1.0 a
@ TM_PNT torque_ratio_tabl... 18 [m]
@ TM_PNT torque_ratio_tabl... 17 O
B TM_PNT._torque_ratio_tabl. 16 ]
@ TM_PNT_torque_ratio_tabl... 15 g
B TM_PNT_torque_ratio_tabl... 14 O
8 TM_PNT_torque_ratio_tabl. 13 a
@ TM_PNT_torque_ratio_tabl... 12 a
@ TM_PNT. torque_ratio_tabl... 11 O
@ TM_PNT. torque_ratio_tabl. 10 [m]
@ TM_PNT torque._ratio_tabl... 00 O
@ TM_PNT torque_ratio_tabl... 10 a
@ TM_PNT.torque_ratio_tabl. (] ]
8 TM_PNT torque_ratio_tabl... 02 ]
8 TM_PNT torque_ratio_tabl... 03 a
B TM_PNT. torque_ratio_tabl. 04 O
8 TM_PNT. torque_ratio_tabl... 05 [m]
@ TM_PNT_torque_ratio_tabl... 06 ]
@ TM_PNT _torque._ratio_tabl.. 07 O
@ TM_PNT_torque_ratio_tabl... 08 [m]
8 TM_PNT. torque_ratio_tabl... 09 ]
B TM_PNTwROT.T.CLL 10 O
8 TM_PNT.w_ROT.T.C_UL 100000 =]
»0 trq ALT PNT_Nm 00 O
© trq DF_PNT_Nm ]
0 trq_ST_PNT_Nm 0.0 a
o tScope_CVTLoss %]
o tScope._Fuel %]
© tScope_Fuelraio ]
© tScope_trq_Flywheel2 “
© w_ENG_PNT_radps “
»e w_TR_PNT_radps 0.0 [m]

(D Simulation took 1.142s

= o X

tScope_Fuel
o

NT_rpm

n_TM_P!
L

300

o9

DF_PNT_Nm
Llhonn

tScope_trq_FlywheelX_ENG_PNT_radps trq_
o
g

oo oo
Sooh s

X3

300 400 500

; oo
Zon

o

n_eng_rpm
o

tScope_Fuelraio

oo

oo
$5aR%

tScope_CVTLoss

B @B &L

B FMITEA - R WG
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% 2% FMI GRS

ZOEETE, FMI OFEFSHI 20 LT
2.1. ATV FHZERICET 2 FMI {EHET v

2021 O oS H WS BEAE7n 27 b O—BRELT, A HEKRFLE ZEETBIMED Y
R SHICEVER LT, ~A T Uy KRBT T VEBIEICT 2 — Y T2 ED TWE £,

211, YU TILETILDOEEA

ARLZEREE T VL, ~ A XY — L (Simplorer) W TIER L7y T VET IV E, BEBKEET L
(Modelica), JHERM « X4 F 27 25/ (Amesim) DFF 250 FMU TH§k L T Model Exchange
ZATWET. BIEIEX 211 ZfER LTS 7E 30,

0S X Windows 64bit ki, FMI2.0 O %kt L TWET .

TIERET VX, HEROHEG BV T AET IR TEETADT, TTHERIIZIV.

Mathematics [N &

Mechanics
Elecironics
Hydravulics

Physical
Dynamics

Fuel
Electrical

Fuel Tank Gas Turbine
Signal Flue Flow

Rotational L 3 Dynamics

Thrust Flue Flowing amount data
W Controller
- Flue Flow o

U 000

+ Alfitude \_ Assist reference torque

- Speed
\nsys ( Cunrent v
TWIN BUILDER Velocity

Pl Control

o

-— | Battery — |nverter { Motor = Gear |

DC \ I 3phase AC &

2.1.1 Hybrid aircraft’s system simulation model

A El~ A& —ZiE Simplorer #HWE L7z, 22122250 FMU ZHVAHLET. BV IALGTE
13, A== —@lETHEET 556X Explorer 7°H N7 v 7 & Fuy 78—l ko> TR £
DT, v=a2 7 VEZRLTIIZE.

Fiz, RETNVIEF~AZY =MLY, NoT UET )V - fiZEEORITT—4 (X 2.1.1 # Mission
File) Zf8ETHMENZSNWETOT, THME 72XV,

HEERTS HEEE L TS L EMERS  FMIE - RIRE WG 72
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212. ETILOHE

2.1.2.1. BEXRAMET Y 7

@%%%%T Vo 7Ty T I b2 T RomEIRELEE A X — 2 CEMHRMICAERL, E—4
XV M ELTHNToMEEEXETVICLVRBELE L. M 212 ICERRRET LOT 2y

&R LUET. TEIANYT Y, £ 23—=%, T—F, arta—7, RU—YEROBRICEI L TE~% D

NEZRLET.

Interface between signal and mechanical torque

Torque
(reference)

Positive-Voltage (Input)

Torque (load)

vapezoiat

o

s

Positive-Current (Output) / vvvvv

Interface for coasal
model (mechanic)

Battery data
and 5 o
Battery cell = g " Fere!

Exiernal inertia

g:g::)we voque / g Interface for coasal floeuciirfi)l-oss
E}>_‘/ model (electric) P
Negative-Current —=— —Constant
(Output) Temperature

X 2.1.2 Electrical Drive Block Model

<1:RNy7U>
Ny 7 UL, FRALIR TN D ZREMO TS =X VFELEPRE WY F 7 5 A 4 Elh A ERH%E
Al L CRBLIZET VEHWE L.
<2 i A UN—HF >
A VN =BIIARRAAL v F o 7% HWT DC/AC BE#AITWET. TTA, AL CTITEE 2 2 MR O
PO EIEE VTR DL HICEBLE L. 72720, Voo IpclZFNEN, A v —2 A D
WIE - EIRE R L, Ve la TENEI, MO =FAZGREE - BIRA R LET. £o, P ldf o —4
TRAETIHHEEZRLET. M 213 1FB8kiEE AL v F U T 2EEB LBEOEFEREEZRLET. F
PUIELIE, EBRORAL v F o 7R 58 E 2B, BENRE NI GEL, 1N =21
K (Piy) ZHLEFHET 22T, ARG L2 AL v T U 7K, HiBEKIE <5 XU — 8>
THAZ B ET.
Vbelpe = lacVac + Pinw (€Y)

DC+ == vuv

Average Voltage

Actual Voltage

DC_ e e A EEE—— s o i i S

X 2.1.3 Model averaging

il BE RIS BB L 7 VEME RS FMIIGH - EERG WG 73
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<3 :EF—HF>

E—HFA N = PRI T ZHRREREY bLr ~E BT 5 AC E—F 0 5 LA AREE—¥
(IPMSM) ZHHLE L1-. AE—Z O E L CIEK MLy, Bfllind £H45 2 LN T, BEXHBETHEHAS
NHE—4TT. Z2TER @) 1C dg @ EToEESFEL, X Q) I IPMSM I2Xk->THEBND b2 (t,) &R
LET. 2L, vg, v, & dq $HEE, R, BTN iy, i; & dq 958K, Ly, Ly & dq #hiA 527 22X,

w, ZERIMIEE, Ky ZT— X OBZHIR, p ke LET.

Va _ id Ld 0 d id —(lJeLq
[vq] = Ra [iq] + [0 Lq] dt [iq] + [weLdid + w. ¥, (2)
Te = g{KE + (L = Lq)ialiq ®)

<4.:z2rbp—7>

ay he—7 CIHES MV 2 22T, T IobREREE, T2 Ifin D ER, T2

FIN3 28EIE, /3T A —XFKED b i 2 hilil 28R L, FEFEERGEEEHNTA =2 ~LIESE
JEEHADLET. av ba—J~0fESE (AD) 1%, MBS RESNZT 74 MEERT D018
BRI b7 D 10 550 1 ELELE. ZHCKVE—FN, TAX—EUOMIET VA NTHE
WO RTUANA T Y » KR E LTI 21TV E Lz, AR T, IPMSM 28 L2729,
FE s LT 214D 70 —F ¥ — b E2IRELET.

¥ 2.1.5 IZKHIENCIS T 2 BRI R EER 2R LET. 727250, Ml d mhiER () %, g qiih
B (i) ZZnZiurLET. K 2.1.50() (TRTHRK M2 - EIRHIENE, (K- PR, 855 vy

HRBLT D ENOEigy| = [i3+1i2 ZBIRT L7 0TY RAEMHELE Lz

2.1.5(b) IR D b2 -BEGRIRHEETIE, @ &K My - EREEA S HEEES & 225 7
BRI, 8B M7 2 EBLT D 5/NER 1 2, 185 M7 it & EEFITRMBRORZ R Z IR 27 13 Y
AL LE LTz

2.1.5(c) (R EBHHIRR - FEIESIRGIE, H55 bv o 2B OHIE FTRERPASS & 72 o T2 BRIZ R KD
V2 2 FEB D EREMER L LT, BIRHIIRIH & EERIBRMBR O R A2 RIS 27 0 3 X LA HEE
LELL.

&2 pmEiiis AREHEE TS UEBMESS FMIER - BERN WG 74
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Y Y

quref: iquTPA idqref :iqu-T idqref = i'?qu-V

Y
( finish )

2.1.4 TPMSM control flow chert

1000 | 1000 -
800 | 800 -
600 - 600
400 1 400
200 200 -
0 T T T T T 0 - = e . .
<1500 -legp =500 f 500 ~1500  -1000 500 0 500
(a)FA ML - Sl (byfa® L —&EFEHIPR I
1000 —— Torque i
lq
900 — Current
600 - —— \Voltage
4004 -@- MIPA
— & 1-Vcross g
@~ V-tau cross
a T T T T T
-1500  -1000 500 0 500

(c) BBt il PR — =B Sl PR A

2.1.5 IPMSM control patterns

ABES EBEHE L e FAMMERS  FMLIEA - BB WG
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<5 XD PR R >

ST —BROBER (Pogp) 13, 4 R T X ICEEBRL (Pyy) &AL v F 7K (By,) OFIL LTERLE
Lic. EPEEEA, K 5 (OoRTly, ~U—¥8KEnER () &4 VAR, LYKo ET. K
WAL o F 7RI LTE, <2 A R_"—=F>Tilh7i@b, DC/AC EHEIFBNEEEZL, 7—7 e L
THMLELE.

UTICGHEMZIRRET. ETT7—F 20— "R —EKERFONT A =22 RELET. £0%, 4
U B RIZBIT 2T — T ABFEL TODE0E I EHEL, BT —T7 AN e0nigE, X 2.1.6()
(R TH TN ARERE A LT-Spice & AW CTRET L9, KIZK 2.1.6(0b) IZfFTREREZ R L E7
ZORERN LA A A TRNEC AR EE S THZ LI VkdFELEE. BLEMS, X6 12T LD
IR LA vy —RBEWV) « B (), WO ANT B8RO v 7 v a VIRET) %513 HD,
BEREH T 27 —7 N (TableWys, Iys, T)) HAFRLE W2 LE Lz

2.1.6(c) 12D =88R R AR T 5 ETOFIREZRLET. ZOMPFrFEOFRE LTHE, HRA
AT T wBE LIET RN 2 03 LT, TR AR IS D72 23 5 1T

Psem = Peon + Py 4)
Peon = Ronlgs (5)
Py, = Table(Vys, 145, T}) (6)

Parameters
from datasheet

UTspice
‘ , Double pulse test - B Table: LT-Spice
> Table(Vds, Iy Tj ) :} %LJ Existence Double pulse test
: L Yes
al w]

Setting Table |

(a)Vyg, I 45 test results {b)Double pulse test’s circuit (c)Double pulse test’s flow chert
X 2.1.6 Double pulse test

2.1.2.2. FLZEH - WAL —EURFEET VT

WMERMOET Y 7 TlE Amesim ZHWCTET Y U7 2TWE Lo, IEALUTIORLET. RITI
varraZy A NVGEHE, EE) AL LT, flEmoBkEbiE, e v 2REBL, 7Y
v Ry ~ODANELELRE. Fiz, MAH#ELIER RE&EZMKL, MZHE AT AL LT
ST D KD, REANBCONHCERE AT L TV ET.

2.1.2.3. EF /LD

Wiz, ¥ 2.1.7 1A% —Y—/USimploren)|Z53t1 5, 4 FMU €7 VOISR RLET. ZHHE BB 14
FMU & Simplorer HIRD /Ny 7 U - AT —F ZH L7 FERE LT, T XTOAHIITHAD
W T IUEEE L THbiLb T2, EENKLETT. £, FAX—E U ORERHEE L, ~A F AERN
EREh i DEls & 725 Z LIS HIEENSLE T

HEERTS HEEE L TS L EMERS  FMIE - RIRE WG 76
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s T L
[FE—==Cf 1
i z :
GasTurbine, Dynamics
Battery
- ; Eo

S

pN—

Falin

-/
s

& Inverter, Motor, Controller

X 2.1.7 Model connection (@Master tool)

21.3. MERORITT —4

RATT — 2 1EX 2.1.7 A EOEAT oy 7 TRELE L. ZROIEEE, REIORE, WIRHE %,
ZNENHRLTEY, K 2.1.8 1T, REEE 100 LRREOHREIZI T 2 MM RRITT —2 2~ L E
T ZOT—FEar b= ~OENHEE R ET.

— Altitude Fuel Flow —— Speed

40000 1.2
i
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30000 =
e 08 T
g i
x =
£ 20000 0.6 2
= Z
-
04 B
10000 &
&
02 E
=
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0 0
0 2000 4000 6000 8000
Time [s]

X 2.1.8 Flight profile (input data)

214, RRAY—=)LDYIaL—Y 3 VEE

2.1.9 |Z Simplorer (ZBITHV I 2 b—a R IA—FFEREERLET. 26O OHHE CHTE
oD 8430 AT I a2l —i g UL LTHRELET.

AT THA XL, FRITRERORFEBICEDETRAIZICLTEBY £7. FIIRTHR/A - R RAT v 7 A
ZIEFHIIMETH D, 2.1.9 TR LET. ZOPNMEIE, FFEHDIRE LS, £id/ha< i, Fruts
PETERTDHIOICHRELTEBY 7.

Start Time 0s
Stop Time 8430 s
Solver and Tolerances TwinBuilder, 1ms

HE B BEEHE & 7 VI E RS FMIWEN - R WG 77



FMIJEHTA R (k) ver2.0.1

Integration method Adaptive Trapezoid-Euler

Min. Calculation Step Size 3.3 us

Max. Calculation Step Size 10 ms

Min.Output Step Size 0.01s (HAiERDY > 7V 72 D THEE)

. Transient Analysis Setup

Analysis Setup Mame

Analysis Control
[T Disable this analysis

End Time - Tend (8430 s =]
Min Time Step - Hmin I3.3 |us -[
Max Time Step - Hmax |10 lms |

[ Use Initial Values

| =

[~ Enable continue to solve

Analysis Options Optiohg J

oK | Cancel [

X 2.1.9 Simulation parameters setting '3 = L —¥ = VIR

KET NVOFHTFERAZX 2.1.10 IR LET. AP TIE8430s D7 74 MIBIT DT EITVE LT
Ala], ZERET DD MV BT —ZIZEV1I0% TV A MTH8F L 70w RERETY BEHY
B OB UWBERERI AR 51200 £ TT VA M LEAERICZRV ET. 22T, we 2F—¥ OEEREE
[krad/s], H % @& JE [kft], T 2221 2HKN], 7, #E—F2 DM bv2 [kKNml, vy #3E (&
H)[— (R0 & LET.

2.1.10 £V, fErBRLAKRED 51200 s £ TITBIRIZ N D HENIDIIEF IRV Z L DR TE F

T Fiz, TORMIZBWTH ALY —E U RNERHT ML D10% 2HEaEE LT, =% L2 (z,)
DT YARLTWDZ L BFAFICHERT D2 &N TEET.

AIEHTAERIL, UV — 3 78 - PRSI OERICIS N T, FITI vy a7 m 7 7 A VGHE, &)
EHATGBAEOERETHY, EXNEBEOEEZ KL T, T—XDT VA MIXV, Mk it
o eNTEE L. Fie, FBRO T A — B OHOMZEEIZBIT 57 74 MEFRL KA LT,
HHEIRFERTHD LR TEE L
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+—=_ w,[krad/s]
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4000 5000 6000 7000

Time[s]
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0 1000

X 2.1.10 Simulation results
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2.2. 1D-CAE & 3D-CAE ?jk

221. FAEDEH (2020 F£~2023 )

HHETIEID v ab—ra BT V% FMI HKICESW BT AT o A2 TEH L CTHix 72
—/LHITOET NVOEBRBE S, EHERE~OBHARHA LN THWET, 5%, FMI 2150 L72E
FLORBEEEETDHE, 3DV I a2l —ra BT L EE L CEEMESCa Y I 2L —Ya vV 0FBEE
NEEF L PRI ET, WG TIHIRIAWIERAO DI ED X 5 2R ORMEN KD ST D 20584 L,
ZOREBFECOWTHFIL, TORREFELMETL2 L2 AME LE L,

222, MEY—ILEHNODERELY—ILOIEM
MR EIR DY — N O & LT 3HEEICAE LG, FMI 4 V% 7 = — A5 H T DHEREIC OV TIHA L
L7
A) 1D v ab—% HEAFEAICH UEMS. REMS TR E AW TER SN BRET VO
RAEMIGAL L, BRGNS LRSS, AT L ZUckS 45,
B) 38D v ol —¥ ERHASFICE ST FRERIESENE, A7 A ER 8% T 3 koot
ZBERL U CHEBOT R A R < . BB E MR E A D v ) L CEL DR LT DY
EIZiT 3D LT B,
C) VTNEALYIalb—F UTNHEALRECOITEEIHIZ, SILS, HILS ETF7 v &
TADTI 2 L=l 7 LT ) XADFEL L TEA SN bD LT D,

FMI R—2_N—=VOTIIFML A V4 7 = — A2 [T 5K — /LI OWTHEREZAR L TWET, ¥
— VR A BFICBE L CHFE L2 b DA R 221 IDRLET, BB, ARTHEVAT AV I 2L —
Ta Y — )V RIS 2T % Y — b, R %;#mm&#ot%@iﬁﬂbfwiﬁ

YNV FRT 4 a2 b—F TOXEN IS Z < FH BT, s (CFD) | #g &g s
(Structure) 77 COFH L EA TV DL ENHER T ET, 2’%EP PIDO (Process Integration and Design
Optimization) (I PG T A2 FEE T 570 AfHa Y —LafiLET,

# 2.2.1 FMI i CAE > — /L OFER] & # (2000 4E)

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

(b) Structure (2 )

© HILS (3)
Other PIDO (3)

INEOREEZEE 2, VY #EEORHFEEZRE LT 2 A, RK 2.2.1 (TR T 45D —RA
‘_‘X iﬁéﬂi 1/71:_0

@ 3DCAE Y —/L% Co-Simulation (CS) DAL —7L LTID VAT AV 2 b—3 g L i
WEREZHNT3ID Y —/LD Y L EFIH,

@ 1D VAT L% 3D Y=L ~DFREM L LT Import L T,

® Fl{LST v AFA Y — L&AV CHI LT 3D 7 LV OREFBAEMTHI L. 1D 2 AT A

RLYTNANEA LY 2 L—FITTEM,
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@ VTNEALEBETHE, YATALAYI 2L —a BT AERERT A7 OO,

3D - 3D fH] OEH TR A DOHIPHN THERE T 5 Z L PR TV EE AL,

/ Slave Master \ / Master
D Fuy 30 \mmp( 1D | @ rmu 1D (1D Jmmb( 3D
— —
+ Link 3D tools as FMU/CS + 1D/FMU applied as 3D boundary
+ Coupling between server condition.
\ * Use 3D solver \\ /
Mas!er / Slave Master \
/® —; (10 ] |[@ FMU[ 1D | mesp [ IDRT
1DR 3D — 3D
FMU
+ Generate reduced models from 3D .
(Map, state space, reduction, etc...) + Operate FMU for RT environment
\ * Execute reduced model in 1D / /

X 2.2.1 FMI Z H\ =Y — )V OF| ]

2.2.3. 3DCAE E#n=EhRE

EHFENZHONWTH 222~ 225 (TR LET, 7F—AOTIE, EPS BHFICEKIT D CS EHDORER
R°.CFD % F W7 BRJEfRMT & [BIEHIE 2~y 7 & o@E@ 7 EA3E STV E 37, Bl Tk CS o4l
CS il — &I LTcEft 21TV, FATRF A~ OB EREORF R ELRFEL TET, a3
2 lb—va YOERBEBKGIRDLIENFRTHL—FH, ala=r—a A7 v YA XOEEIC
WEDN D DI EHE SN THET,

I — A@ TIIMEAERRNTIZ & 2 MR B S REL Y 7 ND 2oy o v FRNT, R OB 5882 &I
BBMRATOSC, BRI IS I DMIMED IS U7 s O mIE = <~ 7 OBRZIZRIH L7z F 5078 &
DRESNTWD, Kr—2TO FMU FIHICHTZ > TIEL 3D V= a—HFI &> TERBE LAY —L
BRI fmr“foeﬁ%wﬂ:&wv% EEET L AFIHTE D720, IHICHIFFEOFER B Ao E L,

Angular |
Master | Velocity SﬁaveFMU

Full Vehicle| EPS

Torque

Multibody—>(CS)—> CFD

3D MultiBody <> 1D CAE (a) Fuel sloshing on rough roads.

(a) Tes_t of CS operation in EPS.

CFD - Multi Body

(b) Crosswind to MC and recovery control.

0D Sim = Structure
(b) Control for continuous forging.
2.2.2 3D (slave) with 1D simulation. 2.2.8 3D (master) with 1D simulation.
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"l1 ¥ I, = B2
| ey O ¢ =l
i il

e < LFEE. o
TR == n -0
R s =
CFD -(ME)-> 1D Sim 1D Sim —>(CS)~> HIL
HVAC using SVD reduced modell™, Verification of 8-speed AT-ECU.
2.2.4 3D (reduced ME) with 1D simulation. 2.2.5 1D with HIL simulation.

r—20Q (K 2.2.4) LOr—2@ (K 2.2.5) IZBWTH, TOEHAOY—VBIEE>TW0ET, Hi
KT LY 72 3D BT AV ORMEA EEIC 1D V2 2 L— g VICTEATE . A% oMkgEm LB
SNTWET, £72, VTN F A LA TOFTITREDENOOH Y | iIfFETIERILY — v N— Ry =7
DILRLTEBY, ETNANRT A—=ZOREGER E X0 BIERREN~EBITLTHETR, CS 2057
—A & ME ZHWAL 7 —ApEn— R0 = 7REICLVEGERIIZERTH Y . Z2DREIZHOVWTIES
B OMFTRETY,

2.2.4. 3D CAE EEDHR LFE

3D T =TI 5T, MRy — L e DavIab—ra U EERTAEOICT—ER
B (CERHBICEL DY —VMB OB E) 2 HW-7 077 AERMLETH Y, N—V g VFEST
v 7T — NMEORSTFEIIZRE 2a A MPRESEINTWE L, FMI I X W IEERLENT A v ¥ 7 = —
2% WD LY @ERHECEESE T VAR EIE LTHEAT 2R ENRE D &I, ¥k
72 — VAEEOBAFRH & KR & T 2R N EONE T, 072D, WERSCHEMEE T e LIEREMED R
WIERLE T L A W T FEB 2R HIAEIER G & DN RS L 720 | 3D X 2 L— g O EOILRH
MrEEnET,

FID VAT AV I al—a Ty V=TIl o CUIRGHERFSTo 3D FEMGEICIE A L, &t a2
Ty ha—7 45 ENRMFFCEET, BT, SIL, MIL, HIL CT—BLZETLOIEHZ ED
5 10T 77 v N7+ — LA TOREBREDT-ODMRRFE L L TOETAEM R E b 5% DRI OHREFIC
A->TEET,

— T 3D VI ab—a VIFEAZOETIVHRBIERT AEMICH YV, 3D FHEREAE A T
YRy 7 THDHI EITHEDEE A, WL GPU OFIf 72 @b A BnETH Y . 5% O HANB
NI ESNET, £72. FMI2.0/CS OFIEIZI UV TiT Roll Back (BEFERE R L) ~DORISNA 7 =
SHNTH Y OO B DY — LEHE T IIRENE U 5 ATEMEDS 0 37, Roll Back 1$AT 1 7 72R12H
WTHT D HEEDA X h33VE LT BRICE ORZNE S BT FETT 2, AR MO CFD 23 AR
RBIZKIIS LTV A NEY — LR TH VO | BHEZR B & OM{RICITRREN R £7,

AR OFHAE TIERBIUE 3D Y — /LB CORREHRT 5 Z ENHRETAT LR, D 3D vV —
N LT (VT T 4 Dy I ARETARRIRE) R0 FETABRPREWGGOT —Z@ERE
IZ L DA — =~y R EOFEEIZE L TS % ORI TR L7ZU,

AN D2 Sk
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2.3. C/C++, Python T /W LRI I 2 L— 3 Y — L DK

231. A—RH5—X

INETOETHEIIINTND LI, FMI IZZHOEHY I 2 L—3 3 Y — /L2 W T, iy
Jal—varDA UV ET7c—AD—2L LTHRHASNTWET, @i S WET LA, FMI (Zxf)s
LTWAHEHHY I 2L —va Y —AboW0WEA—7 Y —ADvIab— 3 Y —)LTHIELTH
e aiE, OETHA L TVDHFIET FMLIC L 2@ A RETTAUX LW TT 8, 22Tk, #lk st
TWET D, CICHERER Python THE I CW A& O FIEEZHET LET,

A=A =2 LTUTD2o%2MY) EiF £,

=R —A1: A I 2 L—HEPH I a2 L—va Y — )L LR S E WD
I— A — A2 MRS EEFEET AR I 2L — g Y — L RSN

2—RA—A 11, CICHEBTHBESNLAHREOY I 2L =2 Ho0n Ty Iab—YaryET
N FMLICHIGE LB R 2 b—ya Y — L Ll SE 57— AT, FMIIZ C SREOBEE L
TA BTz —ADBHESNTHETOT, CEiE~D FFI (Foreign Function Interface) Zff>~7' 1
77 IV EETHT., JFEEMICIE FMU & OBEEARIEETT A, 2 2 TIEZOFEFMIIIH A ST,
C/ICH TR SNIAMRY I 2 V=22l Iab—Ya Y — L b@EREE L —RA 2B E T,

=R — R 21X, wmm;‘f%%éht%m%” WESEOET VA, FMLISHIG LT-EH Y
Ralb—varyY— L bk &t 57 —2Td, 4., TensorFlow (https:/www.tensorflow.org) <°
PyTorch (https:/pytorch.org/) (AR SN H8FE - R FEETNVEERT A4 —T Y —AD T
AT ZVENMALTUERESNTZET AN, 2PV =7 ) U 7Bk~ RfRm CHOWHORTHWET, D
X 972 Python THEEESNT-FET V&2 P I 2L —Ya Y — L bl S5 —Rr—R &2 &2 F
7

232. A—RHT—X1DEHAF*
A= R —A 1 ZFEHTHHEIUTO 28 H £3,

AT A BB I 2 L—F AT FMI 2B L, Pl I a2 b—va Y — A~y — Ll vy Y v
7o Co-Simulation FMU & L TA AR — b9 5 FHik

247 B: BRI 2 =2 FMU 1 AR — MERZBEML T, @HT I2b—3a Y —h
ST AR—hLIZFMU 2B I 2 L—XIZA v AR— T2 5k

TNTNDOT —=F7 7 F ¥z 231 & 2321 L FET,
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BHRIzaL-5 5] R A= I e |7

Y=

BELT7—

- BIEIFUHIL
-HBXEY
-TCP/IP&E{S
-etc

X 2.3.1 BRI I 2 L—FfITFMI 2 E#ET 556

BH®EIzIL-4

[5)iE
BHtR

>zab—-23>

€ U

V=

X 2.3.2 BRI I 2 L—F I FMU « >R — MERES R+ 254

BATADOESIT. A I 2L —arY—UIFMU & LTA Vv R—FESEAEHIT, [X2.58112
BIFDH FMI ZHE LA v —LB@BEVA VY—2 T 208N HD £9, FMI 21 1 v — &3 FMI 1k
ETERZRSINLTND C

=ZhH
= A

B A EET 5 LA v —TF, FMI & L CRERBEBITZEZEL TR0
TR, UTOA=T2 Y =AY T by =7 ZFHT 5 LRI T2 2 LN TE £,

2 ¥R« Reference-FMUs

URL : https://github.com/modelica/Reference-FMUs
TAE A 25HBSD 714U R

N 2.3.1 [ZBITHBELVAv—&iX, FMI OKBEENRENHEEZL, ARy I 2L —2%
Ot 2 & TEOHREAERTH LA v —TF, Zhid, BT L, A AEVH LS o R
MiBE. HDHWVILTCPAP BER EOFETHEET LI ENTEET, 2D H b, TCP/IP 83 %2FH+
LA, BIZIEUTOT7A4 77 ) 2RHT 5 L E#EpmEEERTEET,

4% : gRPC

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

F 4%k A : Apache 714t % 2.0
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2 A7 BaEEHTLHITE, FMU E T LA Y —2FETL0ERH Y £, 205G, FRICFIAT
XHA—T V=AY T MU= T XS ERHAN, FMI OFETET NVE LSBT EEET LI &N
ARETY, FMI O/ — 32 2.0 ThivX, FMI £4Z (Functional Mock-up Interface for Model
Exchange and Co-Simulation) @ 3.1 #H L WN4.1 EIZFETETADGEHI N TWET, o, SX1Z
EHRIr L7z Reference-FMUs (21X FMU %A A — M L CHEITTHLEOOH Iy b
fmusim NEENTWET, ZHHEBHTH L FMU A >R — MEREZ FZET 572 DI B NA 2 B

fifd 2% 2 EMMAREIZ /R D £,

233. A—RHT—R20NDE/|AE

A=A =R 2 KRBT LHETUTO 280 HY £,

% A4 7 C : Python #LE % L O E #H Python 7’11 7' T A& #AA AT FMU #3221, pEHY I =
L—ya UY=L UR— T A,

%47 D : Python 85512, FMPy #Ff L7- FMU FEITHREZBIML T, PEHY I 2L —va v Yy—
Winb T AR — K L7z FMU % Python BREEICA A" — T 5,

EFNENDOT—F%T7T 7 Fx &K 2.3.3 X 23412 xLFET,

FMISEEELA -

PythonfLIE X2

B+t &Python

(5] N e = P |7

X 2.3.3 Python ZLER % AAATZBIE FMU 2 R4 5854

PythoniRig

Bt &Python
J0U3 A

FMPy

[izi]z2!
33ab-33>
€—— UV

X 2.3.4 Python B FMU %1 v R— b T 554
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247 CTTH, FMI FEE L A ¥ —% Reference FMUs 72 EAFIH L CEET L Z L 13X A4 7 A LA
C T2, #A4 7 C Tl Python L% %2 FMU IZH A A A £ 5, Python ZBER IO T 7V r— 3
NIRRT EREZ > TV D DT, ZNAFIHT 5 & Python FTHEREZ £ 5 2L FMU ISHAATe Z
ENTEET, ZHIZE Y FMU OKBEENIEIN BRI B8 Python 7' 1 77 LA FITTEH L H1C
R EHHAYVI 2 L—va Y=l b5 & Python 7’1 7T A% FMU & LCEIESE LD KD
(Tap L/l S

UL, HEERE LT, B Python 7’1 777 A0, BE - BEFE 74 7 7 U 72 ELEOIND
FATITVIEKGFEL T L5E.Fb S FMU ICFERT 2 LERH D T AKGFET A 7 7 Y 24T FMU
ICRTESZ & BEOFMU & LTHEAY I 2 L—Ya Y —lcA ViR— b LEBARICENLNE
LLSEMET D 2 L ZRIEMRGET 2R H Y | b HRREREN K E V) Python 7’1 77 A% FMU (Z[FRIH
T 5 Z LIXBLENITIIRADNE L WIGER LN T,

ZA 7 DIE, AED 1LI2ETHHRM LTS FMPy 2% LT, H#H& Python 7’1 7' F A2 FMU
FATRERE 2 1 595 LT,

4% . FMPy
URL : https://github.com/CATIA-Systems/FMPy
TAE A 25KHBSD 74 A

FMPy (. 1.12 8T LT\ 5 X 5 7 GUI 2FIfl LC FMU # %474 % 2 E A Tx %972, FMU
FATHERETS T 2 BEfFD Python 7'1 77 DMIRGHITHAATL Z LN TEE T, ZhafHTIE, BIED
Python 7'v 77 AL FMU ZflA G CTEIESE 57 1 /T L% Python THEESTLHZ LN TEXDH X
TV EF, ZD L&, Python 7’17 7 AMillL FMU Th 2 LEITRNO T, HEE - REvE T
TNLEDELEDThH->ThH, FMU L#EESE D L5270V T L%4H¥ETHZ ENARETT, #4147 C &
D HEENEL 22720, Python 7'r 75 AL FMU ZE R S E72WEGAIE, 24 7 DICK Y EBTLHZ
&L E T,
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2.4, FMI (¥R L 7= HfmE 7' 1 b 2 /L (CAN) D FEEH]

241, EBILTDHEET7—FTIVFYEAFEI AR LHFE

VT N2 T BRI NASOFH LMHMEZRIHT 5 L2120, 2a—FDo7r 7V r—va Y7 =T
IERBI L, BHHET 2 —TF, SW ORI AL, SEREMBHFEIZE > T, KERnE
L7 E LT,

E/E 7 —%7 27 F ¢ DI 2L OT AL AR ERE N DB H Y | 2D T S ATHEH S
% SW A E3H BB ST IRBE T D SW BRGEN MLE TT,

BT S AV, MG CE AU E B L2 SW RGEDM T £ 9728, BARKE £ CREsm
HRT, RERFRYDBEELET,

Flo, T ABREY I 2 b—va VERREAFATIUZES SWERICEF X ET, Ll AR
HTEP, BEOT AL A8 L2V AT A LUV OBIENR R E R A, 2O, 1BFE LI
T U ANCEESWIRREEL 720 . SEOMERDEHEL < 2> TLEVWET,

242, TAFTNARAABRAL T aAL—Y 3 VREOHE

N AAF—W—)L (Simulink)
HEE T T W o

(S HFMU T FFMU
(ETH - CAN) (CAN)

WEZ U T H WEZIUT e AT
{PCle - ETH) (ETH - CAN) {CAN)

VPF VPF VPF
(V4H VDK) (S4 VDK) (U2A VLAB)

\EY > TILSW BEH > SILswW
(LinuxBSP. - Diy)
(AUTOSAR MCAL) (AUTOSAR MCAL)

X 241 v VFTNAL ZABRAT I 2 b—T a VREOER

s NVFTFAL ZABHAV I 2 L—va VIREOHME

[ AVFTFAL ZRABRA I 2L —va VREORK] 2K 241 1R-LET,

VR AT, EEE L CTT A A AR LY 7 by = TR ARG L T LT TN R
Ay I 2 L—va VEREAIRELTVET,

- v RAE Y — L DM TH VPF 2 B 5 ke T 5 720 D FMUC2) K Ol 7o a o

- FMU & VPF Z45f5i 3 2720 D A7 U 7 b

- B FEREOTE A BT D VPF(*3),

- fH AT 5 VPF ECEIfET 2iEE 0 7L SW
EFATHH T, EROAFANCHAERSE LY 7 Ny = 7SR E T,

VPF ETBRE LY 7 by =733 ETHEMET 5720, FEAFRICELER LS, FHEETOY 7k
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U= T B - BREZ SRR E T, TS KD RIS AR S iz SW OB A BIAA R, BBy
TOMBERIER L 20 3, (- AFY =)L KO VPF &, A S NS TICE 0 AFNLE)

(k1) v A ZY—)L 4% VPF OEZJ# LRHEES 57200y —u

(%2): Function Mockup Unit(FMU) #7225 Y — V&t d 572D DET /L IF T2 Function Mockup
Interface (FMI) \ZfEVN, Y — A MZEHT 270D TA T TV, vAZY—LinbA YR — T5HET, +
ALY — VN TH R FTRRIC 72 D

(*3): Virtual Platform(VPF)  SEFE[RIERD SW 23 FEATAIEEZR, SOCCMCU DY/ X = L—#

24.3. CAN ETIILRTDHEHHEDI=-H DR

[FMI CHefe S 7= 7 L EICIIT 5 CAN @fE D EB L 4K 242 17 LET, FMI Tk, ED X
HIRFIRH A IV T TT — A EZEIMTZ DI OVTERE L TOETR, BRI 2B AEIZ DT
FERPH Y FHA, EONRTRA—E%EDOL I IHERT 20, FIHFTEICZR>TEY, FMI TO
PR EO D LENRH VD 7,

DD, wIVFTFAL 2T S 2 L— 3 VBB T, 2.4.2 ® FMI import Block [Fl 17238
fe g D720 D CAN OHEftARZRE LE Lz, ZOMARICHE U2 FMI Z£f > 72 E7 LR ThHL,
Bie B — N Tho THHEREAIREICZ D £,

IS R AR _ NRI=Yo)L (Smuind
[ J B> I IOy

Simulink (1l : CAN)

FMIEEDIZHD
FMUS-JSU

BwEY > TILSW

— oA A
Y IETIL

Lo
{CAN)

soc>=1lL—% MCUZ =1L —#
(S4 VDK) (U2A VLAB)

wiEb > _fILSW BEY > FILSW
(AUTOSAR MCAL) (AUTOSAR MCAL)

X 2.4.2 FMI CTEH5t S =TT VENCEIT B CAN @18 D EB L

HE B BEEHE & 7 VI E RS FMIWEN - R WG 89
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244, JLFTNARABRAL I 2 L—2 3 VIREDORFEKR

4[El, R-CarS4 KU RH850/U2A % CAN #:fit L7To~v A F 731 ZAHis I = L—v a VREEA
FLEL,

(Introduction of Virtual Platform Co-simulation | Renesas)|ZFEFZOENEZEE LT EE T4
MDA EINTWNAEDOT, TERT I,

F7-.R-CarS4 K (*R-CarV4H % Ethernet #ft L7=~ /L F T34 AT 2 =2 L—3 3 VEREES,
CAN X° Ethernet ® /XX il L 7-E7 /L% Simulink BIZHE L7 BREOFEIEMR TV E LT,

ZOE I, FMIIZ X %8E 7 v b autto @l (AB) 2k, B 5 Y — LR TOEHE N
RHTI0 KRB I 2 b—ya VIREEIZE TS, B SWEIROEBICE Y, SW OfEENH v AT
LARKROERZRET S SW 77— X FOBARICHBATX 2 RiARZHBE Lz,

AEEETS ABERE L TS EMERS FMIEM - BIMA WG 90
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B3E Fa—KMNITN

ZOETIE, FMI 21EHT 2720 OFEM2FIEEZ HE L £ L,

3.1. F=—hRrU 71 : FMI 2> CHLE D
311, HUTILETILEEHLELS

HE) TS A — A=V 0 BB #EEH & T VHHERERN—VICHE LY U VET L& FEER
WCIVIAATY I 2ab—2a bEFATLTAEL L I, E7 /M, 2018 4 5 A O BBV HEMSEFTRKES
2T, 4 WG Tl LBy F~—2 7V EER L ET, (1

7 7 A V4 : Sample_3pl.zip CZIP 7 7 A NVTIFUL T A D7 7 A VDERN S IV TVE T,

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
FMU2 (Co-Simulation) : FMU_SD1_Casel_Dymola_CS_2.fmu

AEOFIEL, HHRREITRY ST A2 E LT b0 T, FMU I FRRICTER SN T ET,

Version : FMI 2.0
Type : ME B8 XU CS
Compiler : Visual C++ 64bit
OS : Windows 64bit
FMU1 FMU2

_— .
I ~Els

X 8.1.1 FEFNAOER

F90E, Import I L7y I a2l —va Y — a2 HAETHIVNERHD 3, A 2.9 B CHEML
72 FMI AR — L= CEBFEH DY —/L D FMU Import ¥R 2 R L T 72 &0,

YA BHETEUEL, EFTIEFMU 20 AL E T, ZOFIRTEMRY — L Lo TRRY 50
T, ZZTIEHEIELES,

IESHVIADIETL LI ?

LIREIX, Simcenter Amesim TOFEITHI A THRIM W2 LET,

ABES EBEHE L e FAMMERS  FMLIEA - BB WG 91
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3.1.2. Model Exchange T 2al—3y 3> L&
3.1.2.1. fFHENT A —=F THAT

Wiz, VAT FMU 28t L CWE 4, £901L. FMUL, FMU2 & (2 Model Exchange #1{#
WET, ZNEhO FMU I3 1 AT 1 HAORTH 52, W70 FMU O )& AT 220720571,
2R <X 3.1.2 DX D ITHR TE 21T TT,

FMU1 FMU2

f_m_y - fmu

X 3.1.2 FMU O

i
Y

WIZFMU DN T A =2 2FELET,

3.1.3a. 3.1.3b ®/3F A —X%"path to the unzipped FMU root” (>’—/MVIZ XV 720 £9) 1%
figs L7z FMU o dI BT 2 e LE ., Y alb—a VEITHHIZO7 RLAILH S dll &I
SO T/RANEE T,

N OIRE AT EZAT O RBEHOWMIE T, ZEARETTN, ETIEIOEFEOREL L
FT, #R EOEHIIMHEHT Y — M KV REDER LD TTERELTZIN,

Parameters

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

v [3 Import parameters

enable logging no
|| pathtothe unzipped FMU root -../FMU_J1_Casel Dymola_ME_J1 ||
X 38.1.3a FMU1 (Model Exchange) /3T A —%
Parameters

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

v [0 Import parameters

enable loggin it

mﬁﬂzipped FMU root ..JFMU_SDI=Case1_Dymola=ME_SDI I

X 3.1.3b FMU2 (Model Exchange) /X5 2 —#

B amaiiis AREHELE TS AMMERS FMIISH - BB WG 92
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FiE, FMU (2R E STV 5 Default O/87 A —F % v h TV a2 b—1 3 U &EFET L TERZMER
LCAHAELE D, BEEENjL & b7 TqSD XX 3.1.4 DX O R L7272 TL X 92

[rad/s]
0.6

0.5
04 ]
0.3 —-
02
01 —-

0.0 -

‘ = Nji - &bsolute angular velocity of flange as cutput signal [rad/s]

[N.m]
0.0

-0.2 H
04
06
08
g

-1.2

-0.1
o

[
¥ Time [s]

X 3.1.4

3.1.2.2. /\05 )( »—‘& %%E L‘(gﬂ%’/ﬂi
Wic, RTA—pHEELTHE LE >, MERAMHE LT, ¥ e 7 e e LET,

1 -14

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

12 0

T T ¥ T T T
2 4 6 8 10
¥ Time [=]

VIalb—va R (Model Exchange)

Parameters
|Title Value unit |

() speed.phi - Rotation angle of flange with respect to support 0 rad
spring.c - Spring constant 1 N.m/rad |
spring.phi rel0 - Unstretched spn’nwle 0 rad

I damger.d— Damping constant 1 N.m.s‘radl
fixed.phi0 - Fixed offset angle of housing 0 rad
speed.f_crit - if exact=false, critical frequency of filter to filter input s... 50 Hz
Nj1 - Reference angular velocity of flange with respect to support as i... 0 rad/s

v [0 Import parameters

enable logging no

>

path to the unzipped FMU root

.../FMU_SD1_Case1_Dymola_ME_SD1

X 3.1.5 FMU1 (Model Exchange) Z¥ /{7 A —#

INARIEH (spring.c - Spring constant) :

HAED] [N-m/rad]”7> 5 10 ££20710 [N-m/rad]” ~Z &
> X v 7 (damper.d - Damping constant) :
HED”1 [N m-s/rad]”?7>5 1/10 ©70.1 [N-m-s/rad]” ~E &

EHEHI 2L —arE2FTLC BREMERLTIEEN,
[Fl#E% Nj1 & b2 TgSD XK 3.1.6 DX 9 R L 72 >72TL X 9 ?

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

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

[rad/s] [N.m]
0.4 - 0.0 -
03 ; ]
i -0.5
0.2 4 i
041 —_
i 1.0
0.0
014 1.5
_0_2 —]
-0.3 T T T T T 2.0 T T T T T T T T T 1
0 2 4 A 8 10 12 0 2 4 A 8 10 12
¥ Time [=] ¥ Time [2]
B 316 ¥I=al—valsER (ME: NF XA —FEHE)
&7 BEjHEN S BB ESE &7 VMRS FMIIEA - BT WG 93
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3.1.3. Co-Simulation T IXalL—y3a>lL&S
3.1.3.1. HEHERT X — & THAT

&IZ, Co-Simulation ® FMU BV iAFx, ET N EHER L/NT A — X 2R L THAEL X I,
T A—=HDHNEIL, Model Exchange Ff & IZIEF U T A, FiLd 2 223% FMU TH X TWET,

> co-simulation step size
> co-simulation step specification
Parameters
‘ Title | Value | Unit
(® inertia.phi - Absolute rotation angle of component 0 rad
(® inertia.w - Absolute angular velocity of component (= der(phi)) 0 rad/s
step.height - Height of step 1 null
step.offset - Offset of output signal y 0 null
step.startTime - Output y = offset for time < startTime 1s
inertia.) - Moment of inertia 1 kg.m2
TgSD - Accelerating torque acting at flange (=-flange.tau) - start value 0 N.m
+ [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_J1_Case1l_Dymola_CS_J1
X 3.1.7a FMU1 (Co-Simulation) /X7 A —%
Parameters
’ Title Value Unit |
@ speed.phi - Rotation angle of flange with respect to support 0 rad
spring.c - Spring constant 1 N.m/rad
spring.phi_rel0 - Unstretched spring angle 0 rad
damper.d - Damping constant 1 N.m.s/rad
fixed.phi0 - Fixed offset angle of housing 0 rad
speed.f_crit - if exact=false, critical frequency of filter to filter input s... 50 Hz
Nj1- Reference angular velocity of flange with respect to support as i... 0 rad/s
v [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

B 3.1.7b FMUZ2 (Co-Simulation) /35 A —#

ZhBlE, Co-Simulation 217 9 BEOBEERIRARET H/XT7 A —FTF, T THRLINDH/NT A—

X DAHNE, BOARMAOY — X 0 B d 2 L3 9, Alalix, 70.001 [s]”3%@
EINTEY, ZofEI 128 FMU ~OANRR) &0 SnET,

B LT

FTHEH, FMU ICERE SN TWAS Default /8T A—F ¥y T Ialb— g 2FTLTHERSE

R LTHAEL X I,

[FH#EH NjL & L7 TqSD 13X 3.1.8 DL H R E /o= TL X I M2

il HEV RS AEEG#E L =7 VMM ERS FMIIEM - REBRG WG
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— Nj1 - Absolute angular velocity of flange as output signal [rad/s — TqSD - Accelerating torque acting at flange (= -flange.tau) [N.m]

[rad/s]

06— 00—

05— -0.2 -

04— -0.4

03— -0.6

0.2— -0.8

01— -1.0

00— -1.2

-0.1 -14 T T T T T 1
0 2 4 6 10 12

X Tlme [s] X Time [s]

X 318 YIzl—varsHR (Co-Simulation)

Model Exchange D> I 2 b—v g UEEERRALBNET, Ui L, Co-Simulation #1T 9 EIZIX
HEHIFRM TIE FMU O A )T —EE & LTI, Step Delay 23 UE4 (KfF 2.4.2 Hizi), Z
DOFITIE, 0.001[s] & v 5l 7Z2 {5 R 72 O CRARITREE T4, HRERO Y 7Y o ZERE & A<
LT (0.0001[s]72 &) 7T 724 R L THEL & 5, K 3.1.9 © L 5 ITI@EHIED 0.001[s] I fE5RH3
BANZEL L TWD Z R £,

—Njl- g i i — TgsD - Accelerating torque acting at flange (=-flange.tau) [N.m]
[rad/s] ‘ Mjl- Absclute angular velocity of flange as output signal [rad/s] [N.m]
03355 { -0.4080 3
] -0.4085
0.3350 - E
-0.4090
0.3345 -0.4095
0.3340 -0.4100 4
-0.4105
0.3335 E
-0.4110
03330 -0.4115
7 T T T T T T T T T T 2 T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.4200 1.42{)5 1.4?10 1.4215 1.4220 1.4200 1.4205 1.4210 1.4215 1.4220
# Time [=] * Time [=]

K 819 YIal—iarR (X3.1.99EK)

8.1.8.2. /RT A —XEEH L CTFEIT
WIZ, NTA=HEERELTHELE D, FMUL, FMU2 O#fERIREZ < 3RE L ET,
> WEMERE (co-simulation step size) : BI{E?”0.001 [s]”7> 5 100 {50701 [s]"~Z &

BEMRESHEL 220, BRI RN 20T o TWET, 72, BEME 0.001[s] DG 58 & g
THE, ERERPEL S TNAZ ENRTEINET, Co-Simulation Tlk, WY/ BEMREORENEZET
HHZENRDLMNY ET, FFEMHICOVWTIZ4FETHERETDOT, THLHE2 T,

['::.s} Nj1- Absolute angular velocity of lange 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 ol __ ) . N

07 0z TqsD - Accelerating torque acting at flange (= -flange.tau) [N.m] 0.1 [s] interval

Oﬁ ol i = Tq8D - Accelerating torque acting at flange (= -flange.tau) [N.m] 0.001 [s] interval
-0.4 -

05 i

0-4 & -0.6

0. 3 - -0.8 -

02 10

0.1 1

00 4] -1.2 7

-0.1 4 1.4 -

02 - 16 T T T T T 1

0 2 4 3 8 10 12
% TImE 5] ¥ Time [£]

X 38.1.10 ¥ al—varR (CS: /XTF A —FEHFIHE D HE)
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3.2. Fa— U7/ 2 :FMI Z{E> TH LS

321, BUTNETILEFE>TFMU ZERL THE S

YT TIVIHBIEBAN R A — A=V O BB EHIH & VIR E B RS VIR L TV E
T BT/UE, 2018 4F 5 A O BB HEN R FEFRRICT, B WG Tl LIZEONF~—r TT L%
EALEY, [l

7 7 A /V4 : Sample_3p2.zip D ZIP 7 7 A ZIZEL T D7 7 A VDN S VTV E T,
# 321 VTNV ETLORNE

Model Exchange ®A4 U ¥ F V&5 /L Co-Simulation ® 4 U ¥ F €5 )L
YRR — 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 2DEFARNIC 4 FEETHASNATHET)
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 — —

# 3.21IHET DY = EBRL THILUXFMU 24/ L THAEL X 9,73 . FMU OAER G LT,
FEHT Y — XD FIENRR D EFTOT, FBFIEY —VO~v=aT7 VE TSR T I,

Z ZCl. Simcenter Amesim % H\ 7= FMU DAz ZHE LE T,

%7, Co-Simulation 4V Y F/LET /L THSH FMUL HD J1_Amesim_CS.ame %N T 72 &0y,
32.1 DM E RV ETH, ZOEFETMEITTICFMI A V¥ —T7 = — A7 0y V7 REAINTEY
FMU Z/ERd 5[ TE TOET,

(FMlf 23— x—270w73)

I—---—}E}—{ MNjl FMU J1 Tgsd }--.
PR ! [rev/min] [rad/s] [Mm];

[N

X 3.2.1 FMU1 /1 J1_Amesim_CS.ame (J1 &5 V) DORERL

FMU OARKIZHTZY . AHTTOBAR EEFOEADORESIEET L2LERH Y 3,
ETNARLMDON— T, BEEATA RTA NCHESHTREL THET (K 4.1.1 iz, €7
MOZ TP L DAL SN AR E BT 57280, [HlEstidlrad/s], Fv 271X [NmlE LThET,
Amesim TlE[E#EEY W23 [rev/iminl 2 H /142 0T, 7k "CTHEALZEHR LT Njl1 %2 15 L FMU2 i~
HAOLET,
FBEODEADREIZOVTIL, TRAF Y —ANLITRIVF U U7 I D JF AT XL X DIEDIH
TERVET, ZOETFTATIE, MT Y=o F =2 % >FMU2 IO/ F+ X /3~ DYI A IETT

HEERTS HEEE L TS L EMERS  FMIE - RIRE WG 96
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MIZH720 £3, FMU2 LA T D M 7id, =RV FRE LW 0T, A F— v BNIE
FHIDIER & 72 DAL, B AT S 572 0ATT MO M7 B> TL 52 &2k £7,
Amesim ODET/IVTIE, 2O M7 EZEFMEERLTWNDTD, "k”T—1 D7 A o &2T T, EA
DAEXEEETHET ML TOVET, ZOFEBO MLZIZRL T, MEEO IEADRTY —AL0ET
IVOIEY FFIZ L - TRV FTOTHEENLETT,

7 V% FMU (ZH 713 5121, Interface > FMU Export Assistant % 8 L T< 72 &\, 3.2.2 D
AP — RDA= 229> T FMU 24K 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 V‘

Platform selection
Visibility level: exposed elements

(O High: expose all parameters and variables

FMU generation

() Low: expose nothing except input and output variables

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

["] provide directional derivatives when applicable
Embed tables

[ FMU for real-time

Output directory: C:/AMETest/JSAE E]

e

FMU Export Assistant * X FMU Export Assistant ? X

Platform selection Results
Configure binaries to include in the FMU FMU export results

32-bit compilation / Export settings Messages  Details
® Microsoft Visual C++
(O aNUGCC
O Intel C++

/ Platform selection Preparing C files...

Campiling FMU cade for target wina2-vc...
64-bit compilation

Y Compiling FMU code for target wing4-ve...
® Microsoft Visual C++

O Intel c++ Generating FMU...

Additional compilation settings: FMU generation succeeded.

] Generate log file
End interface generation -» OK

FMU generation completed.

[ e | | <Beck | [generate] | cancel | | | [ Helo | [ <Back || ctose |
X 3.2.2 FMU Export Assistant

A [El1E FMI 2.0 @ Co-simulation 4T\ E 3D T, %49 5”FMU type and version” % 3R L £ 7,
WIZ/NT A —Z DFRR L)L ZRTET 5D 72 Visibility level: exposed elements” &% & L £ 7
23, “User-defined: expose only the watch parameters and variables”%i®iR3 % &, FMU |[ZFr~T 5
INT A= BB AATLEIIRETE L0, BT W% O FMU ZHHT 21 & > THEWGWET L
EERFET, BARR ML, 33 HiTHHILET,
D%, ERT 2334 F 2R TFMU 24K L 7,

ATy

&2 e QREHELEFALMMERS FMIEA - BB WG 97
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FMU AR TE L, HFOBUAATY I 2ab—va U aFETLTHEL X 9,

& HEV RS AEEG#E L =7 VMM ERS FMIIEM - REBRG WG
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322 BEGNFA—FDHRTLED

FMU ApkbFic, KERDETLOED FIZL-oTE, VI alb—3 g URRICEEL 52 7V ARBL
INTGA—ENFIREINDZENHY T, RERNRTRA—FBHNFERIND E, FMU 25 H3 50

DOIRIELAZL Z Lty £97,

Z I T 312 0% 7 NET VT L7z Model Exchange @ FMU2 % #IZFB L £, 3.2.3
DsXT A —%7speed.f._crit — if exact=false, critical frequency of filter to filter input s...”| <2 5 A HE
EROTRIZTVWETHN, FEIIZZIDONRIA—ZEZEFL T Y Iab—ra URERICEELY 52 F

Bl MEZDEHIRZ BRI DHDTL X 9D,

Parameters
‘ Title 7 Value 7 Unit
(® speed.phi - Rotation angle of flange with respect to support 07 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_cn’t - 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/fs
v [ Import parameters
enable logging no
path to the unzipped FMU root ../FMU_SD1 _Casel Dymola_ME_SD1

X 3.2.3 FMU2 (Model Exchange) /X7 A —#

FMU2 Z4p5T 58104 Y 2 F/LFF /01T Modelica THERL L TE Y., X 3.2.4 DR & 72> T E

B

*tInd 5 Y —NaERRH THILE SD1_Dymola ME.mo (SD1 €7 /V) #BHWTHAEL &£ 9,

I
| spring .
| Model Modelica Mechanics f | A A [\
Rotational Sources.Speed k" f " i
=1
| ? 2 o
oretian oaaap e e lorqueSensor
| R
I u.r_ﬂ'.'f Inﬁt - dﬂl mpe’ l & J
counpaunallolled vbe smnsuisnes :
I L J =1
— — — —— — O — o — — — — — — — — — —

X 3.2.4 AU PF )LD Modelica (SD1 F5/V)DHERL,

ZDETIVTIE “Model Modelica.Mechanics.Rotational.Sources.Speed “Z i~ Tk, ZD7 v

T DNT A—HNRK 325270 FT,

il HE RS ABEGE S =7 VMM ERS FMIIEM - R

I WG
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fli Parameters for speed

Name l Value ‘ Unit \Comment
+ 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

M 3.2.5 (SD1EF/)speed D5 A —&

RT A=ZZ erit” A Y F 343, "exact” false D & & DIRIANNT/2 Y £, FMU £k 2 exact”
Ztrue” CXET H &, FMU AR BRITEATE R TE A,

L7z3- T, 3.2.56 T’speed.f._crit —if exact=false, critical frequency of filter to filter input s...”
DIEZET L THIERhE 700 £,

ZHZ b FMU AT DB _crit” 2 BT AIRRR/N T A — 2 L L TR 172D 2 284722 D T,
WBEIR R T A= B RBEROHFRRTEDLLIICRE L, BEEOMLENRIRNT A —FTREHT 5 2 & 23,
FIHZE OIRELAZ < Z L IZER D £,
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3.3. Fa—hrUT73 :YWGR F~v—7 T /LD

2017 /£ 10 A o HEhEHTES ABZEES [FMI (Functional Mockup Interface)(Z & % &5 L5k H
2| K OY 2018 4E 5 H ™ 2nd Japanese Modelica Conference Tifli L 724 WG O F~—7 5 /L[2]
EHEIZTF 22— N U T 2D TNE FT,

33.1. YU TILETILOHHA

ZOHEMETMEIRTFAN, NU—=R AV RIATTA0, ¥, ATT YT % 550D FMU
THER L T Co-Simulation Z1TWE3, BT 3.3.1 Z#EE L TRV,

OS /% Windows64bit ilt, FMI2.0 DAIZxH S L TWETOTIERELS 2SNV,

I NET I ABEEIN S A A=V O BB EGIH & T AV EESN—V I X T m—
FCTxET,
7 7 A V4 : Sample_6p2.zip CZIP 7 7 AT T THEO T 7 A VBRI S T 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
YT AT LR EHE : Sample_6p2_H 7 v AT A I/F EFE xlsx
VI alb—Ta UFER : Sample_6p2_Result.txt
a}( % Engmc Manual
T -
Mamual Steeri ﬁp { N MUY [Nm] * Differential
Al Bt }sﬁﬁb@[rad] i pr— Gear
i )y I hgl;fﬂsh R
v, N Topelier A
o{o W AD0YRIL ] [l EmRE _
% Hopes z [ra d /S] A Driveshaft
Gas Pedal ¥

E#mRE LD

Ol l [m] Cratch Pedal \ V [rad/s]' ¢ [Nm]

Suspension

X 3.3.1 RyFv—IEFTINOE

FPEHHTLEYI 2L —va Y=~ 5250 FMU 2B iABE T, BVIALFEL, A=a—
W CHRET 58540 Explorer 725 RT v V& R v 7R EY— I E-TRARVETDOT, ~v=27
NEBBLTTFSW, 28, % FMU OREIZOWTHED WAL, ZIP 7 7 A VIZFEIR L 7=3 7 3 %
7 L 1UF EF#E (Sample_6p2_ Y7 v A7 A F EFe#E xlsx) IR ZFLEH L TV ET,
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3.3.2. ETID#ER

W, % FMU 8l LE T, K 331 22FITHH LT FEV, kEONy F U 7ITE=F O
TeOBEHGRICIIE A LEF A, B 3.3.21XF7 VESHI T3, & FMU O T1Z AT, A0 T 1X )
272> TWET, T LY — /UK VR OREITR R 572D THEELSTZS N,

# 3.3.1 AHSI—ER

FMU |35 F i F au FMU FMU . i F
z=|z= == AN iHF 22| s H s F £
[Cl utch Action@xpseu [-] 75 v F 1
1| driver Fngi ne_| oad@xpseu [-1 Z2Ov FVEARE 2
Gear _posi tion@sxpseu [[1 [~7bwE 3
Steerin Angl e@xpseu [rad]l |iZfrf 4
3 1 =1 _1 [Noropshaft@sxpseu [rad/s] |Prop/Shaf t [E] #5 3# F | Neng@xpseu [rad/sl |z > > E#RHE 1
1 3 |=| 2 |Gear position@xpseu [-1 |~7 brE 9 Pover  |Nel ut ch@xpseu [rad/sl |2 5 v F{AIE 53 2
1 2 | =] 3 |Fngine_l oad@xpseu [-]1 [zov bABE Train |Tpropshaft@xpseu [Nd [Prop/Shaft b L& 3
1 1 |=>| 4 |Cutch Action@xpseu [-1 Z v F
2 3 |=01 |Tqg ™ [N |Prop/Shaft b L Drive IN_Propshaft [rad/s] |Prop/Shaft AIE®E | 1
4 7 |=]1-2 INRL [rad/s] |64 ha BRER | 3 Li ne Ta_RL [N [# 8/ Shaft b L 2
4 5 1=13 INRR [rad/s] |#% a & Tg RR [Nd %A D/Shaft L 3
5 2 |=| 1 |[steeringTranslation M |ZvofiE posi tion x [ S EXAE 1
EfE =|_2 |FrontRi ght\heel Tau [N |84 86 b Iposi tion y [ |SEWELMIEYAR 2
3 1 3 |=| 3 |RearRightWeelTau [Nl _|#£&D/shaft b | Inosition z [W |S@EELMIEZAR 3
|ELE{EL0]] = | 4 |Frontleft\Weel Tau [Nl |siA &m0/ Shaft b2 | 4 | chassi | Front Ri ght\Meel _w [rad/s] i (] 85 R 4
3 2 |=| 5 [Rearleft\heel Tau [Nl [# A #D/Shaft bJL 2 asS!'S |Rear Ri ght Vheel _w [rad/s] 1% [E] &5 3R E 5
[Front [ eft Wieel _w [rad/s] |5 RIRE 6
Rear left\Weel _w [rad/s] |# 7 @@ [e] 6 FE 7
steering force [N AR/ ) 8
1| al=]1 IsteerAngle | [radl [t2fpfs 5 |steor i nefsteerToraue [Nd |2t s 1
4 8 |=_2 lrackForce L N [5vzmn teering rackPosition [ Sy INE 2
steeringh!..
Steering
> const >
powertrai.. > | I ;
e P Trai k=0 flfI_OTest_FlatPad >
. sl dS_Simul >—f o= R = . S—
driver_FM... >
s e T
Driver g‘ Driveline Chassis H

X 3.3.2 <E7 /NEEHGEH
3.33. FSANETILDOREA
3.3.3 TR L7 X 912 Open loop DHfli AT HELE L TWET, v=a2T VT AIviay
HERDT=D, 77 v FRAEZMEL L, 1020 5 HF VP ECTIAREERL THEET,

1.2 Open Loop Simulation 6
1

0.8
0.6 n

oa+ | || | | ] 4
Steering 0-2 - | |1 : | | : 11
Accel o — L L | L 3 Gear

Clutch

02 ¢ 5 10 15 20
2
-0.4
06 - Accel pedal N
0.8 -
o B Srappims Aol o
Time |s]

X 8.8.3 KRIANTFILOENE
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3.34. FMU /85 A—43 DERE

T 7 AV NORT A =R TE, IES5H (FEHRkE) OAT T U U T EIEICK LT A YA T LE
Db, REEERT LLERHY T, K 3.341FAT 7V 7ETNLVOMETT, RTA/ETAH
B D AJ)”steerAngle” 2%t L T, “rackPosition” DB A& KRS E 5720, R TR LI gsl” 7 v v
JDINT A= E2BELET,

steeringAnglewerSensor1

steerAngle s1 \ gsl

al

b1+b2*s+b3%s"2

[
al=1
steeringWhee! {b1, b2, b3}={1.0,0.001,0.00001}
stearTorgge -
: @
rackForce g beta
=
b |
% I s
steerin .
S, i
a 5 2 .
- AP
. .ﬁ Qrackstop
ey
steeringLink it rack
. { L
sgnsorl a a‘
&

function1
rackPosition 12RO1
< }—o—-— ()

X 3.834 ATTVUVITETILOHE

SimulationX O T, 3.3.5 ® X 912 Parameters D% 7 CTHRE L £,
> 2 WA D51 (gsl.AlLD : BED "1 [-17 226 "—1[-]" ~E&

g - )
] Properties - steeringMechanismRackPinionInMeatricl (Model) w
Parameters | Fiil Settings | Master Algorithm | Results | General | 4 P
MNumerator {a0,...,am}F 'gs1 A[1]': H = - ﬁi

Denominator {b0,....bn} 'gs1.B[1]': 1. - E
Denominator £60, __ bn} 'gsl B[2]': 0001 [:
Denominator {b0,..bn} 'gs1 B[3]:  1.00000000C00000012-005 [:
Min. calculation step size  ‘settings.dtMin's  1e-008 [:
Max. calculation step size  'settings.dtMax': 0.06 [j
Absolute tolerance 'settings.absTol': 1e-005 [:
Relative tolerance ‘settings.relTol': 1e-007 [:
Integration Mathod (0 Ad._'settings.iMode’: 1 [:
Max. solver order 'settings.maxCrder’; 5 [:
o Fd X & @

X 3.35 ARTT VT DONRTGA—FZFE (SimulationX TD4Hi)
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335 YRAY—ILDYIal—Y 3 RE
R A NREF I CTEHOBIENTE TT LMD 20 A2 I 2L —ra VI E LTRIEL £,
VOVNFEEAT v 7O ODETAY & LET,
AT o THA XX, 52D FMU T, b Mo WEHRREFRIC A D T5e-5 [s]7& 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 fH%)

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

Min. Output Step Size :0.01[s] -« - - HIORER DY > T VEER 72 O TR

SimulationX O %l SimulationControl TERE L £7°,

Samulabon Control - --’- i : :
| Simulation Time ‘

| Start Time tStart: 0 1s -: |
Stop Time tStop: 20 :s v: |
Solver, Step Sizes and Tolerances
[Fixed Step Solver (Extemal Solver) -
Min. Calculation Step Size dtMin: 5e-5 :s v

Integration method:

,Euier Forward '
Recording of Results

Min. Output Step Size  dtProtMin: 0.01 's =

C X ) Cocel ][ feoby ][ b ]

X 3.3.6 YI=l—ia sRE (SimulationX ToHH])

ZOHBEICBWT, v AZ Y —)L ElX FMU O TR S5 Co-Simulation D72, VL 3DEN
TRELRETECEFEAD, —RMELN T TIEI~AZ Y — L EOFETVEZFHE L, EHICEHYIAATL
FMU L DORITEZFEZZITETOT, YN, AT v A XIEERICHETHIHLERHD £77,
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B

3.3.6. Communication Step Size DEZE
Co-Simulation Ti% FMU #IZ AME B &% T D REFRR EB N L 72 0 £9°, S RIOET LTl
# 3.3221t>TE2TOFMUIZHEEZITWVET,

# 3.3.2 £ FMU ® Communication Step Size &

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

Setting Driver

Chassis Steering

SimulationX O Ti% Master Algorithm ® 4% 7 CHE L £7, & FMU Z[RERICEEL TR,

1 Properties - Driver (Model) &
Master Algorithm | Results | General | 4 »
Communication Step Size hC: P 00005 {s - \ __‘f
o Hd @ )

X 3.3.7 Communication Step Size DR E (SimulationX TDH)

72%. Communication Step Size (£ —/WIZ K> TAFBR R D720, (REFEZRITLET,

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. Yzal—ialER:

% FMU NSO NEEEZ N O E#ELE Lz, FLE ) RfERERSTZTLE Y MN?
ZEAIIE Sample_6p2_Resulttxt (23 I 2 L —2 a VIERZEGFEL TWDHZHBEICLTFE,

6
1 5
N
| 4
0.5 Tt
ol I
< [ 3
n o == L = L
! 2
-0.5
iRieAlad —20ybLBEH —55yFE] —— U oMu@E]
-1 0
o] 2 4 6 8 10 12 14 16 18 20
Timel[s]

X 3.3.8a FMU1 (H/)) Driver

TORFEATRNLI[Nm]

I

10 12 14 16 18 20

Time[s]

& 3.3.8c FMU2 (Hi/7) Prop/Shaft k2

0
0 4 6 8 10 12 14 16 18 20
-50

-100
-150
-200
-250

-350

TORSS 4T NElEf%E [ rad/s]

Timel[s]

3

3.3.8e FMUS3 (i/7) Prop/Shaft [E]#:HE

0.025

0.005 /

SyotiE[m]

Time[s]

FMU4 (H7)) v 7

350

g

~
@
3

,_.
@
3

EngineEl#x % [ rad/s]
g g

v

0 10 12 14 16 18 20
Timel[s]

@
o

[¢]

\ \ \

B 3.3.8b FMU2 (H/1) = ¥ EIEREE

1400
1200
1000

800

600
400
200 n_
0 H
0 2 4 6 8 10 12 14 1 18 20
-200

-400

RS54 24I RNV RLINM]

-600
Timel[s]

X 3.3.8d FMUS3 (Hi/1) 474 D/Shaft hv 2

REoceEsl

ERiRElEA#E RL[rad/s]
8

0 2 4 6 8 10 12 14 16 18 20
Timel[s]

B 3.3.8f FMU4 (1i71) #%7=8h D/Shaft [EI#5HEE

597 [N]

Time[s]

FMU5 (i77) 7 v 787

X 3.3.8h

HE B BEEHE & 7 VI E RS FMIWEN - R WG
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34, Fa—bUTNA REETA RTA NHER LT TF~—27 T /LOH

2017 4F 3 HITREFEREE O HBHEEICB T 27 AFMOH 0 T 208280 A T4
VRS MHELE T L Ver. 1.0 (MEHLE T /L1E Simulink N—2DEFL) NRFCABSHE L, §f

X JAMBE 78— A N— U TRER L TRV,

341. YU TILETILDEA
I BHIE, 201845 A O HENEHEINESEZ K THE LY WG O F~—7 7 L& HIEICTF

a— kU T7AEEDTHEET, [3]
TRFERTA BT A4 VHELET L E =27 2D FMU 2B L% L7z,
Driver model (Splitl). Vehicle model {22\ TCiX 6 > (Split2~Split7) (Z/EI L TWE T,
T INET MTHBEHIN SR — L=V O B HHIH & T TV ERA NV R Xy —
KFC& %9, FMI2.0 Windows 64bit CS DAIZxfIG L TCWET O TITERELSZ IV,

7 7 A V4 : Sample_6p3.zip CZIP 7 7 A NVTIFUL T 9D 7 7 A W DMERN S IV TWE T,

FMU : Driver.fmu., ENG_CNT.fmu, TM_CNT.fmu. PWT PNT.fmu. CHA_PNT.fmu.
ALT_CNT.fmu, ELEC_PNT.fmu
JCO8 E— R T HEFEDKRRST —H : jc08.csv

VIal—va R : Sample_6p3.txt

Driver madel

B 3.41 RREENA NTA MEHET N F LALFERE ORERL

Spig ¢ vl
= Q ‘ ’ & |
| By Split? '

X 3.4.2 WREEZHA KT A YEHLTET L Vehicle model DHERR

FPE ATV I L= a3 Y= ~THOD FMU 2BV AL £, WMVAHRGELZ, A=a—
Ef CHRET 55 A< Explorer 26 KT v 7 & Ky 77 8V — UL L>TERRVETOT, v==27
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342. ETIDER
# 3.4.1 22F(124 FMU Mz L £, By F U I3 EEER, faldte=4 it TT,
3.4.3 1T ET WHEHITT, & FMU O FIZAT), ARG HXH > CnES, =4 H

TS OW TR LA, T Y — IS & 0 R OREIT R AR 570 ZHEL ZE W,

% 3.4.1 £ FMU ODAHEHES

FMJ Nunber HAH s T ABimF EMU Nunber]  FMU Nane HA T
3 llratio CVT — | 1 lratio QVT open_brake per| 1
2 bln eng rpmsig — | 2 In eng rpmsig 1 Dri ver open_accel _per| 2
JQ08 kndh — |3 |target v VI knph
5 2 [V _PNT_knph — |4 |v VL PNT knph
3 2 |flag | ockup — |1 |flag Lockup open_throttle per| 1
4 2{n_eng rpm — |2 |n_eng rpm flag fuelcut| 2
1 1 |open_br ake_per — |_3 |open_brake_per ) ENG_ ONT _f!ag !de! ST[OO 3
1 2 |open_accel _per — |_4 |open_accel par timng ignition| 4
5 2 [V _PNT_knph — |5 |v_VL PNT_knph n_eng rpmsigl 5
flag ON Starter| 6
4 1ln TMPNT rpm — |1 In TMPNI rpm ratio QVT| 1
5 2 [V_PNT_knph — |2 lv_VI_PNI_knph 3 TM CNT flag lockupl| 2
2 1 |open throttle per |— |3 lopen throttle per ong Slip rpm 3
5 11w TR PNT_radps — |1 lw TR PNT_radps n TMPNT rpm 1
3 1lratio CVT — |2 JratioCVT n_eng rpnj 2
3 2 |flag Lockup — |3 |flag_Lockup trg DOF PNT_Nm 3
3 3long_slip rpm — |4 long_Slip rpm t Scope Fuel | 4
2 1 lopen_throttle per |— | 5 |open_throttle per 4 PV PNT tScope Fuelratio|l 5
2 2 |flag fuel cut — |6 |flag fuel cut - tScope CVTloss| 6
2 3lflag IdleStop — |7 |flag Idl eStop tScope_trg Flywheel 2| 7
2 4ltimng ignition — | 8 |timing ignition w ENG PNT_radps| 8
7 2[trg ALT PNT_Nm — |9 [trg ALT PNT_Nm
7 3{trg ST PNT Nm — | 10]trg ST PNT Nm
1 1 lopen_brake_per — |1 lopen_brake_per w TR PNT_radps| 1
4 3ltrg DF_PNT_Nn — | 2 ltrg DF PNT_Nn 5 CHA_PNT v_VL PNT_knph| 2
t£Scope V VI PNT nps| 3
7 11SQC BT PNT Lo PCT |— |1 {SOC BT PNT Lo PCT target volt ALT V| 1
2 21flag fuel cut — | 2 Iflag fuel cut
2 3iflag ldel Stop — |3 Iflag |dleStop 6 ALT_CNT
2 bln eng rpmsig — L4 In eng rpmsig
6 1|target volt ALT V|— |1 [target volt AT V SOC BT PNT_ Lo PCT| 1
2 6|[flag ON Starter — | 2 |flag ON Starter trg ALT PNT_Nm 2
4 8 [w ENG PNT_r adps — |3 |lw ENG PNT radps 7 ELEC_PNT trg ST PNT_ Nm 3
tScope_pul leylloss| 4
t Scope SQC Batt| 5
tScope V. ALT| 6
U_ D c:—e.=._=.'rJ
curve
T_ont ¥
-
L:‘r:_:r.-- ELE:JTJ
X 3.4.83 E7 NVEEGH] (SimulationX TDHi)
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343. FSANETILDOERE

N7 A "%E7 /L (FMU1:Driver) |%, FIEHH (K 341 BNy FUTH) LD H5T7 70N ET
L —% % Closed Loop CH:EL 3., AfElE, JCO8 E— FTEFEHD -0 jc08.cov DIFRFIF — 4 %
A LET (K 3.4.4), 3.4.3 O TlX curve ~aXE L £7

1 Curve: Curve (Model.curve.curve) - 3 - i . e )
u@.{ B I‘l/\f"\EI\I\U'\.‘m.j-D- 9
o

O
Wooen ™
266
267
268
269
27 0 4
271 0188
a2 039,
273 0501
274 0703,
a5 09%8.
e 1. ||
277 1508
w8 18%
w73 220.
28 26
281 303
282 4%
283 3m8. %[~
284 4503.
285 5039
286 5591
| 287 e
288 B7R
| s 73 : : ' ' ]
281 B4sd.
282 9068
293 9649 ~

I '

o
0
0
0 70

X 3.4.4 HEHEH

344, RRAZY—ILDYVIaL—L 3 VRE
JCO8 E— ROFTERH TH L 1204 E v I 2 b—a VIR E LTEREL 7
VILNZEEAT v 7O’0ODET"fAEY & LET,
WD AT o TY A XL, T 5% FMU O it BRRIC G b C2.5e3 [s]7& LET,

Start Time : 0 [s]

Stop Time : 1204 [s]

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

Integration method : Euler Forward (ODE1 fH%)

Min. Calculation Step Size :0.0025 (F7=1% 2.5e-3) [s]

Min. Output Step Size :0.01[s] -« - - HIORER DY > T VEEE 72 O TR
[ simuiation Control e ot |

Simulation Time

Start Time tStart: o s *

Stop Time tStop: 1204 is - |

Solver, Step Sizes and Tolerances
|F|xed Step Solver (External Sclver) - |

P
Min. Calculation Step Size  dtMin: 0.0025 is -

Integration method:
IEuIer Forward -]

Recording of Resuits

Min. Qutput Step Size dtProtMin: EII 5 -

[_oK ] [ Gancel | [ Beply | [ He ]!_

X 345 YI=2l—iarsRE (SimulationX ToOH#])
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B

3.4.5. Communication Step Size M E&TE
Co-Simulation TiZ FMU (2 A G 5% 52 1T B A R MR ED LB L 72 0 £97,
AEIOFTNLTIEETO FMU % 0.0025 (£721% 2.5e-3) [s]Ta¥E L £,

' ] Properties - Driver (Model) e |

L

I“.‘:' ymeters 4 | Parameters 5 | FMI Settings  Master Algorithm I Results | Ger

| Communication Step Size hC: b.DUZE 5 v".'ﬂl

|;~i- e (& &

X 3.4.6 Communication Step Size DR E (SimulationX TDH)

346. YTal—a R
FMU 6 OHIEEE W O EHE L £ Lz,
FEARIE Sample_6p3.txt IZV I 2 L—a VEEREARIF L TWVDTHBEIZ L TRFI,

ENG_CNT.'n_eng_rpm_sig'

2000

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1000

L 0 i I i i I S
800 1000 1200 0 200 400 600 800 1000 1200

FMU1 open_accel_per X 3.4.7b FMU2 n_eng rpm_sig

PWT_PNT ‘n_TH_PNT_rpm'

TM_CNT.'ratio_CVT'

L PR EEn Tl ) B

H i i i i
A000:: e Bl e u e s Sl e el Cesses . cenlfipdle
3000

______________________________________________

' i I I
2000 B e e S . S e et TEE T B SR

1000 (- - Ao o e - - - ] R Eer B R B | | B e e o e
" I

I i i i I s 0

0 200 400 500 800 1000 1200 v} 200 400 600 800 1000 1200
X 3.4.7c FMUS3 ratio_CVT X 3.4.7d FMU4 n_TM_PNT_rpm
CHA_PNT.'v_VL_PNT_kmph' i ELEC_PNT ‘'trq_ALT_PNT_Nm'
e S e
=) INU SV SNV SN . 18

0 200 400 600 800 1000 1200

200 400 600 800 1000

X 3.4.7¢ FMU5 v_VL_PNT_kmph X 3.4.7f FMU7 trq ALT_PNT_Nm
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