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22. FMIOBEE—FE FMU 774 LDEE
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FMI #i#%CiZ, FMU (Functional Mock-up Unit) &FESET A X — 7 = — A&l > CHH
V=V TET N EZITEL £9, FMI 2%, Model Exchange (ME) . Co-Simulation (CS). Scheduled
Execution (SE) @ 3 2O#E{EE— F23H Y £,

ME & CS X FMI 1.0 & FMI 2.0 2°5 & 28{EE— K T3, SE (X FMI3.0 TH7/-IZEA I -EifEE
— RT7,

ME O¥&E1E, FHAETVET%Z FMU IC=7 AR — LT LT, FMU 24 > AFR— T 5>
— WD NAREHEHLET, CSOHAIE, StEETVE Y AA"E Yy FTFMU L7 AR — LT
R — VB TET AV EZTELETOT FMU 24 AR — 5V — I TFMU Z§5HT 5 & %,
FMU ONEICHAAENTZ I VAN EERLET, 22, ME & CS ODREIRENTT,

2y FMU

% Tool 2 FMU % Tool

O ~O-

hiodel

X 2.2.1(a) FMU I YA &= ME X 2.2.1(b) FMU IZY AV "%RNE$ 5 CS
(8th International Modelica Conference 2011 &£ L v 51H) [3]

SE X, VV-ECU (RAEEBETHE=z=y F) Oy r—Ifbb v Ialb—va U EEMART, ME X CS
CIIEE EOBEORH Y T, ET AT 4 var IS oy hr—TF DX A7 a— NN T
L EETNELTZHELT, A A — Y MMIlCHBESNEAr P a—F 2o TET L
TR > TV E T,

2.2.2. FMU ®© 7 7 A L H1E
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9, FMU /. Windows OS (2351 5 47X D dll X° Linux OS (23517 5 TR D so & ET /L DFEM
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YUK LETOT, HHTIHIY—AD=a T V2B EIZLTFEN, |

FMI conform
simulation tool

o . conforms
_ simulator read model to
: - |ser - Description ——»
O interfa% -

fmiModdelDescription [+

XML schema e vatties o
control run 1 or defined by the o
many FMI specification:
model - fmiModelDescription.xsd
instances macey - fmiBaseUnit.xsd
solver —————" implements - fmiType.xsd
‘ the FMI API - fmiScalarVariable.xsd

X 2.2.2 FMU O
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(8th International Modelica Conference 2011 gijfl ¥ &£t X v 51 /) [5]
model Description File D&% ¥ 2.2.3 I~ LET, JLiil~*72 L 912, FMI1.0 TiZ ME & CS 1%
T BEFE 7> 5 Bl 2 (23258« SRE S 4L, HBEOREIE R 2200 T, FMI2.0 OffEZ VTR L £7,
2%, FMI1.0 & 2.0 &L OITIE, E?ﬁ& RN TH R WD THEY BNTITEE DL ETT,
[T T HIZ, ME 722 CS DO XFIDFERA D Y . ZDHICTEHE, HAL, B8, B #Es ol
DRI LR SV TWET,

Implementation and
Capability flags

Variables and their attributes

._m_o__r_:‘r._ ___ l W
B~ »«omnnmE} --- Dependency information
U..w
£ Qupus B~ vt
0.

X| 2.2.3 model Description File D&
(2nd Japanese Modelica Conference JLFHzEHE R L 0 51 H) [6]
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2.3. Model Exchange (ME) D&KL & 14

2.3.1. 1ME (BT B1E 5Dt

ME £— FTIZFMU ZHVIAATZY R a2 b—a Y — D Y " % FINT FMU AOFHRIZATHH
F9, (- T, FMU & ZDJENDOET /VORFREER A E— O Y VS TRIBFFIZHEf S5 72, BEHE F
DERFESIVET,

| Uszer |

pl FMUT w

t time
p parameters
u inputs
u Yy  outputs ¥
local variables
w —

z event indicators
X continuous states

xy  discrete-time states
b hidden states (buffers)

Solver

X 2.3.1 ME ®— FDEEDHN
(FMI {142 : Functional Mock-up Interface Specification_Version 3.0 X v 5//4) [7]
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2.3.2. ME ToOE7 /Ll

2.3.2@)IZFEK F% Y — T HLY iAZ Model Exchange T#afe L7- FMU &1 5O dfl% = L
F4, ZOETFTME2OD FMU oSN ET, 2.3.2(b)IL FMU (Z T 5 RIDET /LT, FREHH
MR 2.3.2)DFNENO FMU IZHY LET, 2.3.2HEEOMEREZ R LET, K 2.3.112
AT EIICFMU B AALEY =L EO Y ANRTY I ab—va v EE i LET,

DCE—% [EIETRYS

dCmotor ...

rotMortion__..

FMI 2.0 ME FMI 2.0 ME

X 2.3.2 (@) Model Exchange &— R T4 (FMU)

DCE—%
: timeTable
' vy
1 L
. ($87R1E)
: offset=0
: signalVolt....
1
i ity
| 58
| 2
| T
| =
! = |2
| Ol de
1
[
[
|
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L

2.3.2(b) Model Exchange &— K COE#HIGLETT V)
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MEETI || YEETN
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2.4. Co-Simulation (CS) MDi&RL & 454

2.4.1. CS® 3 >DIFEE
CS i, EMHIZXY 3 oDEICHHEINET,

bHo & bEARNZ L D) Stand Alone (X 2.4.1) THY, PC ETwAHX LB Y —EFMUNR 1D
DaF7TOETEEL £,

EH Tool

~O-

X 2.4.1 Stand Alone Co-Simulation
(8th International Modelica Conference 2011 &k L v 51 H) [3]

2 D HDJEREIX, Tool Coupling (¥ 2.4.2) THYH, vAZ L7325V —/ & FMU &2jlx D7ty
P b LI xoa 7o ETEfEL £9, FMI Wrapper (25 TlE, Functional Mock-up Interface
Specification_Version 3.0 [7] Z#&M L TF Xy,

L~ -

/

| Executable Library (DLL) | Simulation tool

.'(.

FMI Slave
Master _C Wrapper CC)) hodel Solver

\ Process 1 / \ Process 2 /

— A e A

[X] 2.4.2 Tool Coupling Co-Simulation
(8th International Modelica Conference 2011 %&£ L v 51 ) [3]

3 S H®DAREIX, Distributed (X 2.4.3) T, KR B a—HX U Y —RAZNHEL 5 195 7 K
VAFATHAINET, 2734 T2 b« —NEFROFEARB S HERED Fio, FMI SR L 7=
KERRIC > TUWVET,

Executable _Library (DLLl ‘ Semce / Executable Library {(DLL)
| FMmI

Master "(O“I Wrapper

Application ’ Slave

Server ’—CO—

6| 99

Session Session
Client “ Server

Computer 1 Computer 2

X 2.4.3 Distributed Co-Simulation
(8th International Modelica Conference 2011 &k L v 51 H) [3]
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2.4.2. CSIZBITHEFDIRN

CSIZBITAEFOWNEK 2.4.4 1R LET, (W, (W1 FMU DA THY . FMU NERD Y LR
WX THESINET, ZOANWLH NG, 5 3 T THiR T 5 Communication Step Size Tix i
SN TSI FMU B0 ALY — v & ORITE S R2Z 2TV E T,

| LUszer |
FMU

time

communication step size

parameters

inputs

outputs ¥
local variables —

event indicators
confinuous states

discrete-time states
hidden states (buffers)

R

Solver/Scheduler

1

Co-Simulation Algorithm

oM M MNg=cDIT
BE D

L

X 2.4.4 CSE— FDEBKNI
(FMI {1462 : Functional Mock-up Interface Specification_Version 3.0 X v 5//4) [7]

2.4.3. CS TOET LHEKEHI

2.4.5@IZFERFR Y — T LY iAZ Co-Simulation THEfE L7 FMU L 1E 5O O fl 2~ L E
T ZOET L3OO FMU PO S ET, ¥ 2.4.50)13 FMU IZ$ 5HIOET /LT, JREAMHR
MK 2.4.5@)DFNZNO FMUIZHY LET, ZORKTIEEEFNERE FMU M TRZIN TS K
INZRZAFETH, FEEIEIH 24517 T L O, BVAMIlEZN L TREERZEITVET, & FMU
T E O Y VR EFL ZRENREEZTTV, Communication Step Size f#IZHL Y IAZH] & Z D/ X
ENLTEERZTL2ZLICED, 2RDv I a2 b—va v 2FTLET,

YIalb—ya Y= L ETWMYVIAALLES FMU O w7 s 2 /A5 L, FMU Z &1
Communication Step Size 72 EIBE I T 2N T A —F 2R ETHHNTETET,

avra-3 DCE—% LS
dCmotor_CS_C... rotMortion_CS_...
control_CS_Cvo...

>_
frni o o fi
>_

FMI2.0 CS FMI 2.0 CS

FMI2.0CS

X 2.4.5(a) Co-Simulation E— R O#45(FMU)
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BARMIZIEK 2.4.5@) D DC E—XIZKT HE5OEZET M 2450 RT LI hr—F )
5 DEPEA~D hv 7 OFRED FMU OBV AL Z I LT DC E—ZIZHE SN ET, finfEa =TT
DCE—N M7 &ML, bR STz EHERED D ORIEREL & A A E 72 E 2 H ABl %
ffLCarbte—=JZ7 44—y 7 3nE7d,

ZOZTFELDOHX A 7%, Communication Step Size (CSS) TRE S L7-HEEMMRIZ/A2 Y £,
ar be—=In60 M ZHERER, BYIAZREZST L THESTOT, DCE—F DIV AL T
B2 DIFRD CSS DX A I 7170 £7, THARREITRELT 5 LM 245D L1270 £,

%74
($87R1E)

rqConst

2.4.5(b) Co-Simulation &— RO GEET /L)

ID¥2ab—¥3v

HEETFL | DEETL || PEHETL 2y bo—5 | .
14 '
avie—-35|| DCE—% EIETRES (ET(E)
Mo DCE—4 A4 N
v VI : ::‘/JW\' : ks :
B FLZ N N n [EIETRES ‘ ? —»
(f5~1E) /)bl\ J CsS Time

2.4.5() CS=ET /N (K 2.4.5(0b) Offild 2.4.5(d) CSEF/L (K 2.4.5(a)~() D
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2.5. Scheduled Execution (SE) M#&RL & 4514

2.5.1. SE &— KD FMU Ok

Scheduled Execution (SE) A v % —7 =— %% FMI3.0 THZITEA SN 7-8EE— KT, V-ECU
RAREFHEHL=> F) OV Ialb—ya AT L 2BELTHET,

SE ® FMU [ZX 2.5.1 (TR T X2, HEOETNAARA—T 4> a NI VR T Z N TEET,
EFETNANR=T 4 arbiF fiiflary he—J0F 27N THTNATY ALE T AT ZLAOHFT
AT 2EHEBERLET, HxDET A NR—T 4 v a X LT, BEEHO vy 7 (t) 2B
HZEMTE, FMU OO A P a—Fmb 70y 7 2o TET AT v a 28N L ET,
~NF Tl T LT (DI~ ATZ AT v vFTFatw A FA) COEROT v T AE Tk,
FIRFIZRITT A L XIC, EOXIRIERT, 70l T LhEFATT 200 EERE L, 7T HAHALB A
Y a—7TY, WL, OS O —F VT D EHEREED 1 > TT 2, SE © FMU % BEE)3 %
2DIiE, ZOXIRAT Y a— T NNHETT,

| User |
pl T "
FMU
Model Partition Model Partition
t tme ¢ fime
P parameters p parameters
u u inputs inputs. y
2 e ¥ ool variabi
w vari = variables.
ent indicators it indicatos
—p | [ e —
b hidden states b hidden states.
t aee t
| Scheduler |

X 2.5.1 SE<E— FOEEDFHN
(FMI {14£% : Functional Mock-up Interface Specification_Version 3.0 X ¥ 5|/H) [7]

ZnkXkHiz, SED FMU OHFDETNAR—T 4> aE, MDA P2 —TF b 0D THLT 7T 4
~N— M ARE T,

sy 7%, FMIB.OIZBWTH LK BASNIMARETT, Z7ry 27 2A0WT, E7A—T 13
DFITRA R NOAA IV TEFIHT DL ENTEET, 70y 7 OIREX A I 270, [EEE ERE),
AR JE AR, B DN, ERMREA I T DA R NEIZEDEBEINRSH Y £3, SE © FMU 75
FMU %A >R — M L7 — MK LT, EOXIRFAI VT TETNANR—=T 4 a kT 77 4
— R TN TEDLDOER LR L ET.

ETFNNR—=T 4 a VN DOETNANR—T 4 a L OFEITEHIET D HiEE LT, Zuysohy
YEEOUVERWSZENRTEET, HHX—T 4 arNTI/ay IOy "E T AL D AERKRL
T2BAI T T, MDOR—F 4 a v OETEHIET L b TEET,

FMU NDET NN NR—TF 4 a3 d, FITOEREIE (X744 VT 1) ZERTHIENTEET,
o, V2T a KDV EITHROETASR—T v a v E—RHEL, K0T T4 T 0 OFEWE
TNR—=T 42 a VOFRTICE VR ZFATEITH 2 & b HHEETT,
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SE =— R FMU O E174

¥ 2.5.21%, 3 ODDFTNN—T ¢ a3 &FOFMU %, @iz s LT, 3 20X A7 DIFTD
FZ2RLIEZbDTY, 22T 3ODET A NN—T 4vavw [(BA7 1) [ZA7 2] #2273 &

M5 Z

CWCLFET, X227 1) X102 VBIEA 7 0y 7 THREILET, (#2727 2] 1%, EFEH 7 o

v 7 COENE LT, A7 1 OFTr7ay 7OFHIZEV X R 2 2FRGT 570y 7 DE A I
ZERLET, (X227 3 1Z50[R VRIOBEI 7 oy 7 #HWTEELET, £7/2, 7744 7 113,
27 10 EbELS ., WICEAT 2, BAT 3DEBIENTIAFV T 4 2E0 Y TE1,

Tasks

10[msec] & 50[msec] g ty + 10[msec] t; + 10[msec] t; + 10[msec]
Activate
Task 1 Activate Activate Activate
« Clock: Periodic 10[msec]
« Priority: 1 \
I
Task 2 Activate
B ——
+ Clock: Aperiodic N m
« Priority: 2 !
y @ ®
Task 3 Activate
« Clock: Periodic 50[msec] :
= Priority: 3 @ .gm |
[T : Executed task o o b t t Time

X 2.5.2 SE%£— KD FMU ORNERBIED—F]
(FMI 114£2 : Functional Mock-up Interface Specification_Version 3.0 X ¥ 5|H) [7]

R t0 T, # A2 1L X A7 307 vy 7 LT, 10[2 VL 50[2 U IAAFREICRE L, ¥
AT 3K LTCTITAFT VT ADENHART LN T 7T 4 X—FZINFET,

BRI 1DFATHIZZ A7 2070y IR MY TINETH, FA7 LK LF A7 2137744
UT 4 DMENDT, XA 21FX AT 1 O TETIEITORBERHRHLET, A7 13 TTHE
AT 2B L £,

BAY 2FHFA7 1Oy 7O ) AREZ (t1) EFTITKE T LARWDO T, ¥ A7 213E T2 A
NRURNL, FIOAF VT A B@mWE A7 1B LES, A7 1OFETHET LIcE, A7 2
IXETE L ET

ZA7 31X, t0 ChRUTINETH, GFTAFVT A DEAT 1 EXZRAT 2 DFEITHRKEDDE
THMGEROET, FAZ 2B T L%, ¥ A7 3B LET,

Bzl t2 TH A7 1B T 5L, Z A7 3IFETEFMLET, A7 1O TR, #2727 31X
HRRLET,
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2.6 FMI OE#MICRET 52— RMEEER

2.6.1 FMI O —2 g EW EBIEE— RiEWIC L D At

FMI 121X 1.0, 2.0, 3.0 D=2DN"—= 3 UPFELTWET, TAENDORTO FMU O AHMEITH
DEFEL, 207D FMU ZEkd 5>y — R E . FMU Z3HA A TEITT 5O —/VEREEN 1.0,
2.0, 3.0 DVTNDON—=V g VNZHIE L TWEDONERRL T, EON—Va v EHlo TET NVEZHT
DWEPD HLENRD D FT,

F 7oV — VEREEIZ X > T, Model Exchange (ME) . Co-Simulation (CS). Scheduled Execution (SE)
D FMI @ 3 DOBHEE— KO EFUTHIE L T A 0IZTEWRH Y £7, FMU Z{ERKT 5 & FMU
AN TEITT HMT, EOEMEE— RO FMU 23T 50 LR L TESLERH Y £,

2%, FMU ZERCT %Y — VBRBEICIE, #50 FMI 08— 3 B L OEEE— RIS LT 5
HLDH%L HY ., FMU Z{EKTHEIC FMI O—2 5 v L EEE— RE2BINTX £4, 72, ME &
CS O JFOE— RIZHkHE L7z FMU 2Bk CE 2 Y — VEBRIE L FELE T,

—7J5. FMU ZFHAA THEITT H Y —VEBREICIE, N—Ta OS5 FMU ZRESH THFITTE S
BEE, H5WE, ME & CS Ol DT — KD FMU ZiBEL CTEITTEAREL L FELET,

BRIZIE, FMIL0 (ZIHXOHKICR 5720, FMI2.0 2FHT 25 Z L3 #EEI N E9, FMI3.0 |T
BURE DT L < XG5 Y — VERBEDV DB IR H L TV D 7o DIEE DL EE T,

2.6.2 FMU O#@h{EREED OS A itk

FMU ANEIZIE Tbinaries] EFEEND 74V EHBH Y £OH T wind2, win64, linux32, linux64
7EDOS L bit BHEMAEDETNAA TV a— RE2RETLIV T 7+ VEBRHEELET, BV IARFELT
FTHMDOY =TIV ETHY £, BETIIINLDOY — /TR bz 08, bit HTHEITITE
ITCExEHA, 207D TH 0S8 & bit HERDTFMU Z1EKT 24BN H Y £9°, 7238 binaries LL T
DY 77 NFIIEHEFFOZ ERRO LN TNLDOT, FMU OHRIZEBOET R FA T 7Y 77 A
Jb (Windows @ dll 7 7 A /L& A\ F Linux @ so 7 7 A /V) &RGFT 52 ENAEETT,

I X 1L | —

maodel Description.xmil —_—

P win32
I I I

xoou.fmu binaries winéd
|
= linux32

S

sources |

linux64

X 2.6.1 FMU D&

HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG 21



FMI{EH A K ver2.0.2

2.7. FMI OERIERICET 2 —RHUEEIES

2.7.1. WHEZELEOBLIH

FMU DAY — /WIS &0 Rk ORREN R D 3205, ATy - W)« RT A =5 « BIREE L2
LR ZLNTEERA, ZORDBHINLELRELIIEHRANINLNEZIRTE 5 L 512 D0
HYET,

2.7.2. Y—R2a— RFOZFEL

FMU 21XV —Aa— RZMNT 2D 7 44 Tsources) 0"V, ZOH|IZ Y —Aa— REEHd 52 &
MTEET (K 2.7.1), Y —A2— ROBMIEE TT O THEROE#EEZ S 2 555121, VY —Aa—
RZRMNTRETIEHY £ A, — T, 08 BHtED L = A Tilk~7- X 512, 4T HEZJE X% binaries
IR L TIRE SN RN E FITTE EH A, HIZITARM 7ut¥ v 4 T FMU ZEI{ESE7- 04, K
HoD Y — )L TFEATAMRE/ FMU 2B CTE £ A, 20O L5 RGFAIIE, Y —Aa— RENICREET
ERR L, BUDIABMY — L Ta_g v, Uo7 #2{70ET,

H &

fmitModelDescription EI—

X 2.7.1 modelDescriptionFile D& (ofRERT D AERER ; IREAEN)
(FMI {14 : FMI_for_ModelExchange_and_CoSimulation_v3.0 X Y 3|f) [7]
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28. FMIZFAT V- LIRERICEYT 52— RHGIER

2.81. FMU OETT7 A X

FMU #8{ES ¥ 5121, €D FMU &AL T2y — /W2 ko CTiE, T OAEMBRENRE L2 FEITHZ
A B AERELTDEDONRHY Y, TA B ABBERERITIE, HIZ FMU 277210 TIMEM T
ERVOT, B — A ORE, B IALMY —VDT A& AR SRR L TR SV,

2.8.2. FMU 0347885

FMU NIZiE, 2.6.2 TR 7= L D ITED IAAMY — D OS, bit HIZH -T2 b DO EAKRT 2 HERH
DEF, T2, CS O FMU & LTk, WEBIZ Y ANERSLORZLFHA S TWET2, FMU B &
ITEEOHRES T 28b, V32— a VIV AR ZHATEARENLELRIBEELH
T4, ZOBAE. TA B ABRERS T TIERL, YNANEHENRA VA M=V ENTEBRENSLETT,

2.8.3. NTRA—HIEH

FMI O#E TlE FMU OHIZEITRNCZA T ATRB 2 (Uil FREifE, SCF51) 27 A —2 L LTER
THZENTEET, MYVALAY — L TREEDHEALEETERVEDHEH Y £3, WY IALMY —/LT
EHETERWEE FMU 2 BAR L TES 2257200 T, BRI 54 A RRFITE D JAZM &
ROTEBLMLERHY £9, 728 FMU OHF D xml 7 7 A VHICT 7 40 MERENNLTHETR, 2
DEZEBE L THENNT A—XOEIIXMTE EEA,

2.8.4. £
FMI TIZAHL— AR E > TET, FMU 20O DA, BEOLTH (NS, T A—4) 72
ECfE A AT RE 72 305811 Unicode O L4 & SN TWET,
Y — VI AT RFIC AR B R =T — 2 A SH R WO, TV 77Xy RTHED, TLT7 7y
b L 7 COMAAEDLEEMERTLZ L2 BEID Liﬁ“o
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29. FMI AKX AKR—LR—IZDUVT
FMI AR — 24~— (https://fmi-standard.org/) (ZOWTEtBH L £7,

2.9.1. FMI OHIs S
FMI AXAR— L=V 0, ZTHETICRITS N FMIL.0 205 3.0.1 £ To [Complete Package |
& TSpecification] O “FEEHOHME LELZIG T ET,

[Specification| (FHMEDOIIAEET 1T T3, [Complete Package| (21T DIEREEIZINZ T, XML
W7 7 ANDAF—<ERT 7 ANV e BN X T 7 ANDPEFENTVET, AF—vERT 7 AL
(I, XML R = A2 bAOT =25 FMI BUSICHERL L7277 4+ —~ v BREICAR > TV D 2 & 2 fEREd
HEMCHERATE £, il F T 7 A 1E FMU 7 7 A V& FEITT HEICHITT 5 APL BIA E S
NTWET, ZOFEO7 7 A E, FMU 7 7 A V& BEH TERT 2 - LT 5, H50 i, FMU 7
7 ANVDONEREREFTAHT LD Y — a2 AET 2BICEH T,

2.9.2. FMI HIk&Exhis Y — v &= i~ %
FMI A A — 2= D [Tools] T, FMIHMEIZHHS LTy — NV ERBETHIENTEET,

fmi Tools - Functional Mock-up Inte. X +
< C' @ fmi-standard.org/tools/ B a =2 w 0O a :

m Tools Validation Literature MNews About FAQ (w] =

FMI Version Import Export Platform License Interface search

How do | add or update my tool?

Altair Activate
by Altair

(o] 200 Jocs Jane oo Joue]al=]s ]

Examples & Compatibility

Software environment for modeling, simulation and analysis of multi-disciplinary
systems

- MapleSim
MaﬂIESOft by Maplesoft
OOMaOaEmnooo

Examples & Compatibility
Modelica-based modeling and simulation tool from Maplesoft

20-sim
by Contrallab Praducts

OO0 000

Maodeling and simulation pregram for mechatronic systems and control

3DEXPERIENCE (CATIA)
by Dassault Systémes

[o]z0]0focom] oo Jovel=]s]m]

D)S DASSAULT

SUSTEMES

3DEXPERIENCE is a multi-platform software suite for computer-aided design, computer-
aided manufacturing, computer-aided engineering, 3D modeling and product lifecycle
management. -

X 2.9.1 FMI##ixtis Lz — L ofmZEEiE (FMI AR —L—) [10]

COEETIET U —F—U— FaffioTFMI FEAISY =V 2R TH5IENTELHEEbIT, TA
a2z fli o TR Y — LD FMI B AISRI A SN TV SO T, FIMZE OREE IS C T, FH
ATREZR Y — VA ELICT NS Z LR TE £,
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® FMI 1.0/2.0/3.0 @ &0 FMI BUKIZKIIE LTV 2 A

® (S (Co-simulation E— F) & 2%\ X ME (Model Exchange €— K) ® FMU %A > 7"— h CX
YR

® (S (Co-simulation E— F) & 5 X ME (Model Exchange €— F) ® FMU % 4% (=7 AR
— k) TEDM

® f#EREE (Windows. Linux, i0S)

o HEY—NLEEY — L OWT L

V=N DA—YA 2T 2—=AN, GUIL LA, a~ o405 AP 74 77 U oniing

NEBR—LR=VF AL FHFRINTHETOT IR TS,

HEh R e BEEGE s =7 VEMERES  FMITE - EREBR WG 25



FMI{EH A K ver2.0.2

210  FMICBEY SEMMEBS VA A2 b

2.10.1. Modelica Conference

FMI (%, Modelica Association Project (MAP)[19]®D—> & LT, (EAE&ETH L OVBBRIREI 2 R ST
W% 72 8%, Modelica Conference[20] D FEEEFEED—> & 72 > T E 9, Modelica Conference 1%, #F4E
PR ISR TR S v, FMI21], BLUZFDOJREZ v Y =7 hTH 5 SSP (System Structure and
Parameterization)[22]. DCP (Distributed Co-Simulation Protocol)[23]. eFMI (Functional Mock-up
Interface for embedded Systems)[24]72 & D> MAP D fcgiBha 72 & & iz, §/AV Modelica 5 #ER
HOT —<IZOW TR XHER L iEm B T O TWES, £ BB IR KRB LT U7 T American
Modelica Conference & Asian Modelica Conference 23 % ALZFUB{E S 4v, M7ErI72&E 2 iz LT E
9, % Modelica BEHEAE#HOFEMIZ SV Tid, Modelica Association D — A_— [N SHET D Z &
NTEET,

2.10.1 {2, Modelica Conference 35 & TF Modelica Association Project OHERIZ SV T, "RLET,

Modelica % Maogelica Conference % Modelica Conference % Maodelica Conference %

Conference Megglelica Conference % Modelica Conference % Modelica Conference % Modelica Conference |
o ISAE Forum ¥
Model Exchange [ JSAE Forum >t JSAE Forum ¥ JSAE Forum ¥
= JSAE Guide Ver.1.0.1 % ISAE Guide Ver.2.0 |
= 3
o >
. >
& [ ) . ®
oo 3] - ~ "
g 3 g £, 3 s 3 k!
3 9 s 3q B 3 i 3 |
FMi for. Model Exchanget— @ @ e oo i 5 . —
andiGo-Sioudlation. < -, 2 % E FMI 3.0 Imprementoer’s Guide k -
3 5 ngiles < S
‘B . sixfs g, | @
5 ) S
- = [ ] = [ N
& 2 g ‘
IIII\JII\JII\|||\II\\IJI\IJI\I|IJ||\\§IIIIIIII\\I.II\II
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 < 2019 2020 2021 2022 2023
=
7 3 . >
mesc-=7 IMODELISAR Project A PFO_!ECt MAP(Functional Mockup gterface[
[SEe ProSTEP smartSE
SSP : System Structure and Parameterization woir e MAP (SSP)
ACOSAR ; Advanced Co-Simulation Open System Architecture Ao Y 17e42  ACOSAR
DCP: Distributed Co-Simulation Protocol naxditen MAP(DCP)
2 JSAE FMI ;E F - EBAWG
EMPHYSIS ; EMbedded systems with PHYSIcal models in the production code Software (Yi1eaz EMPHYSIS o u‘ﬁ\r"u MAP(eFMI)

X 2.10.1 Modelica Conference I & Uf Modelica Association Project D%

2.10.2. prostep ivip SmartSE Project

prostep ivip[2511Z, RA Y & H.LE LTZRMNOERER T, T X VEREZTEH LB EEORFEL
(2B 2 IR O FECBANEHEDIEAT, FIEOTEIE - RAZ B L TV L ERHEA T, Zoxigl L
Tlix. 3D-CAD O 5 — #tE#E{,, MBSE(Model Based System Engineering) ® 7= 8 DB RALEEFTR T4
RSB H FEOME KL, MBD(Model Based Development) D72 D F T /LACHL « BafefLEER0T T /Lo &
HPEOEWREN R ERH D £3, £TDOHF T, Smart Systems Engineering (SmartSE) Project[26]1%. &
\CHBHERTO MBD #i# D720 DIFEENC 7 +— W A L7270y =27 b TF, SmartSE Project Tl
T VB ORI E LT FML 2432 L Tk | BT VR - KBOTZODHA KT AV EFEH LT
F9, &H/N— 3 E, Smart Systems Engineering Collaborative Simulation-Based Engineering
Version 3.0[27] T ¥ . prostep ivip ® Web ~<—U B F 7 o — KA[RETT,

2.10.3. FMI Implementers' Guide
FMI Implementers’ Guide I, FMIIZ X DET VA VR — R, =J AKR— h&Y —/IFEHET S

B
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a2 E, AN—EKEANN LT HEMAE L, 77 a AEE AT LR A BT D b
NTEERA,

4.2.3.1. BT IVHEIERET T2 UMLE
EED VY (REEEDV NS W) FALRS, J6 4 OEVED ARNBGEMEAS = WEAL T O 23 El & TREZR IR U T 5
RELEZFET,
< REEHDN /N S WAL OB« FCR CITE & EMEE — A 2 MOk LTt/ [BlE SR BB K E 0,
« AEREMED R WVERL OB BARR TIREERCZE & M2 0 (522, BAY 72 rIBhEIFH O filk) . EXGR
TEHAAFT—RREDAL v TF U TR FVBELLET,
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43. FMI&T5—

FMI # HWeETVICBIT L7 —, FMI F5H0 60 & — iy — VO L ORH Y £7,
4.3.2 URIZEFET T —|ZOWTHBI L E T, ARy —VTHRVIAL Z ENTE 256, EF4EKRLE
YL HH THRVIAALPOEITETEML, MBIV L 2HERT2ONRRYOMREERTLE EEZLET,

TT—RXvb—F, BRVAALEY—ABRHLTWAEAS L, FMU BERAH L TWAERAED >0
BERHVET, EHLOBRHLTWDDONEMER TEILMIEOLDIZ2 Y £9, FMUBRHLTWDH=F
—lX, FOFMU 24K LTEBEOIIC72 5 Y — A 32— RIZREE#H IV TW D AR H Y 77,

4.3.1. FMU o FMI ##% i & e —v [FMI]

FMU 78 FMI B Ic o CTER SN TV D &9 5> —/L L LT Compliance Checker /3 1F7E
L %9, Compliance Checker {3 FMI AFA— L=V TEITHNTXET, 4.3.1 [FFE{TR—TT
7 4.3.1 ®» TFMU Check] THH® [Validateyour FMU =] 27 U v 735 &, 432 DR S
NET, ISelect] R¥ L #HLTF=v 2 Lz FMU ZHELE T, Yo7 AET7 VIS
B—L_—=VOAFHHIE L T AVHBMEERN—V IV ¥y — R TEET,

7 7 A V4 Sample_3pl.zip :ZIP 7 7 A v FMU_J1_Casel_Dymola_ ME_2.fmu % Ht Y Hi
LTF=v7 LET,

fERO—Fl %K 4.33 1R LET, MEOEN ERHEINTHWET, Z 2T, Model Info] ¥~
IV rTHE, 434 DX HITFMU O 7 7 A VFRNFRRINET, £/, [Variabes] ¥ 7 %
VAR A R RN 435 DI I FMU IZEEN TV DL ERDOERNPEKRINE T, [Files)] ¥ 7 %7
Vo7 325L, K 43.6DLIICFMUIKEMNEINTND T 74 VOIFERNFRINET,
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Tools Validation Literature News About FAQ

b

Validate your FMUs

Whether you're exporting FMUs or troubleshooting a third
party FMU - the following free tools help you to validate,
test and debug your FMUs.

FMU Check

A free web app to validate FMUs online. It's based on FMPy and hosted by the Modelica Association.

Validate your FMU =

FMPy

A Python package to simulate and validate FMUs that has a graphical and a command line interface and

» supports FMI 1.0, 2.0, and 3.0
» supports Co-Simulation and Model Exchange
» runs on Windows, Linux and macQOS

» compiles C code FMUs and generates CMake projects for debugging

FMPy on GitHub -

Reference FMUs

The Reference FMUs are a set of test models and the ‘fmusim’ application to simulate FMUs. It supports

» validation of the modelDescription.xml against the XML schema
» FMI versions 1.0, 2.0, and 3.0
» Co-Simulation and Model Exchange

» Windows, Linux, and Mac

Reference FMUs on GitHub =

FMI-VDM-Model

A Java library that validates FMUs against a formal model of the FMI specification. It supports FMI versions 2.0 and 3.0, and all
interface types.

FMI-VDM-Model on GitHub =

Privacy Cookie Preferences Imprint

X 4.3.1 Compliance Checker M 31T Web ~<X—
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- T - - — 1
| r@ [1m] fmi FMU Check X + — X |
<« O m ) https//fmu-check... A % B & 9 ¢ O & pm = % @ o |
FMU Check a
: . ‘ - 4
' Validate an FMU and get the meta information from the model description |
-]
@ What is being checked? r
Select an FMU (o)
(oY
ol By uploading a file you agree that it is stored and processed on our server. X v
+
€3
X] 4.3.2 Compliance Checker M 31T HH
S — S S e S
| @ M  fm FMU Check x | + = [m] X
&< G M %) https//fmu-check... A {7 H B & @ 9 ¢ O & m = % @ o |
FMU Check a
. : , - &
' Validate an FMU and get the meta information from the model description
-
@ What is being checked? 5t
FMU_J1_Case1_Dymola_ME_2.fmu o)
_— &
+ Validation passed. No problems found.
Model Info Variables Files v
X
X 4.3.3 Compliance Checker ™ 31T R HH
i HEELE e ABERIE & 7 AR E RS FMITEM - R WG 41
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(l@ O  fm FMUCheck x  + -
< C ® & https//fmu-check... A ¢y 7] e @ 9 e § & . m

FMU Check

Validate an FMU and get the meta information from the model description

8
e

O What is being checked?

FMU_J1_Case1_Dymola_ME_2.fmu @
o
+/ Validation passed. No problems found. w
=]
Model Info Variables Files
+
FMI Version 2.0
FMI Type Model Exchange
Model Name FMU.J1.Case1.Dymola.ME.J1
Platforms win64
Continuous States 2
Event Indicators 0
Model Variables 25
Generation Date 2017-11-16T07:52:38Z
Generation Tool Dymola Version 2017 FDO1 (64-bit), 2016-10-11
Description n/a
SHA256 7980fa3c136d7194489fd18adc0075a44f57836f78fa800730a1e37ba16c2269
File Size 919630 bytes
€3
X 4.3.4 Compliance Checker ™ Model Info M Ei&
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FMU Check

Validate an FMU and get the meta information from the model description

@ What is being checked?

FMU_J1_Case1_Dymola_ME_2.fmu

v Validation passed. No problems found.

Model Info Variables Files

Type Name

step.height

step.y

step.offset
step.startTime
inertia.flange_a.phi
inertia.flange_a.tau
inertia.flange_b.phi
inertia.flange_b.tau
inertia.)

inertia.phi
der(inertia.phi)
inertia.w
der(inertia.w)

inertia.a

torque.flange.phi

torque.flange.tau
torque.tau
torquel.flange.phi
torquel.tau

TqSD
speedSensor.flange.phi
der(speedSensor.flange.phi)
speedSensor.flange.tau
speedSensor.w

Nj1

Causality Start
parameter 1
local

parameter 0

u—y

parameter
local

local

local

local
parameter 1
local 0.0
local

local 0.0
local

local

local

local

local

local

local

input 0.0
local

local

local 0
local

output

Unit

rad
N.m
rad
N.m
kg.m2
rad
rad/s
rad/s
rad/s2
rad/s2
rad
N.m
N.m
rad
N.m
N.m
rad
rad/s
N.m
rad/s
rad/s

Description

Height of step

Connector of Real output signal

Offset of output signal y

Output y = offset for time < startTime

Absolute rotation angle of flange

Cut torque in the flange

Absolute rotation angle of flange

Cut torque in the flange

Moment of inertia

Absolute rotation angle of component
der(Absolute rotation angle of component)
Absoclute angular velocity of component (= der(phi))
der(Absolute angular velocity of component (= der(phi)))
Absolute angular acceleration of component (= der(w))
Absolute rotation angle of flange

Cut torque in the flange

Accelerating torque acting at flange (= -flange.tau)
Absolute rotation angle of flange

Accelerating torque acting at flange (= -flange.tau)
Accelerating torque acting at flange (= -flange.tau)
Absolute rotation angle of flange

der(Absolute rotation angle of flange)

Cut torque in the flange

Absolute angular velocity of flange as output signal

Absolute angular velocity of flange as output signal

B 4.3.5

Compliance Checker @ Variables O [H|H
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NS e ——
@ O fmi FMU Check x  + - o %
&« G M & https://fmu-check... AN 1% H e e 9 e O « = % @ o

Q
FMU Check ¢
' Validate an FMU and get the meta information from the model description .
i
@ What is being checked?
<]
FMU_J1_Case1_Dymola_ME_2.fmu
&
+/ Validation passed. No problems found. w
=)
Model Info Variables Files
+
modelDescription.xml
binaries/win64/FMU_J1_Casel_Dymola_ME_J1.d1l
3

X| 4.3.6 Compliance Checker ® Files M H &

4.3.2. HViAHx=Z— [FMI]

FMI $#A ORIETY, FMU 280 iAteY — L TFMU 2 V5A S 5 L2580, =5 —NR4ET 548
ANHY ET, Z DA 4.3.1 © Compliance Checker (2 TF = v 7 2175 Z L MR SN £, 2.84 T
A LEAHOMITFICE DT —DGE LS FHELET,

4.3.3. #Efie7— [FMI]

Model Exchange #5525 4E L 9 2 E L C.FMU 2856 L. AT OBN ) TN H D54,
ARYIFE L2 OARERRBOL—T N RETHZ ENH Y 9, £DHEA. model Description File ©
Dependency %+ —HICTEHE L, RELV—TDMEZITOFELEZONET,

BRGlZ R CAHAELEL D, T, BEOFIREIC T, EHEEMEM (FMUL) & L TAERR S 72 model
Description File %1 C9~,

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

FMU NI CHEUY b 2 A %121E, index 3% E STV ET, FEOFITHE SNHRELZHB IO, £
O FMU ARt E7 v ETHEH ST A EHIZH LTI O index NREINE T, 2O — AT
HENLHE I ML (index=" 97) T, IKELH (index=" 17) DEZHIE L7ZbDTT,

IID 2 DOBEEORENEZ S S TWIUT, B ALY — ik, HIME S FHR S L2 K8
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BRETHDZ NN AMHOBEBRUERREBTRATIIENFER DAY 4, L, ERRoOFITi
REMEPRBINTHRWO T, BV IARMO Y —3 A DIBERAREGT A TH 5 mietknd 5 &
PR L. FRORE A FMU2 24T 21X, FMUL & FMU2 B TREHTERADO L —T 03 4E L 5 & Pfig S
WES, EERICIE, 4 FMU OHEIIANE S 2 MO R SHIETH 0 o BfREY VoS 2> TR
HDIETRD TN, KRB —T 2 < ZENHRDBIHEY VAT 22 L7207,
gk MO TICGEIE, —EERETSA R 1UTTHL ZENROLNET,

ZOHFNZTREV— T 2T D121, FTic? X 912 model Description File 228425 Z L BA—>D
R TT,

<ModelStructure>
<Outputs>
<Unknown index="9" dependencies = "1"/>
</0Outputs>
<Derivatives>
<Unknown index="2"/>
<Unknown index="4"/>
</Derivatives>
<InitialUnknowns>
<Unknown index="1"/>
<Unknown index="3"/>
<Unknown index="9"/>
</InitialUnknowns>
</Model8tructure>

“dependencies” #HE=7 2 Z & T, H/ME (index=" 9”) 2\fH4 L TN HIREELEH THH Z &2
HfR C&, FARERRENL—TOREZL S Z ENHKRET,
FROBFID XD IRERPMENE S D b L <EREUL— T RAERFOME R ATRED £ 9 )T, ¥ —v
T2 2 2 ZTHELSESV, RENV—7ICET 2RENEE ZBEORO—fl & LTIRIT LT
WET,

4.3.4. HIME~=Z — [IHm]
A 7 —X 2 FEICHECTEET, WInvh FMIEAEORIETIEIH Y A

4.3.4.1. PIHERES

250 FMU [dl+. & L<IZ FMU & H VALY — AHOEF O I7 TRl UL L CTHIE 2 8
EINTWNWT, TOMENBELHHEAEDT T —TT, (AT EIL, EBONOYMEOHRE#ERT D Z &
?j‘o

4.3.4.2. FIMERLTT —

FEZ B RIIC EZ TR WEE, Va2 b—va a2 775 Y — LR CTHHEREZITI b
DORHY ET, ZOMPEHEN TERWGAICH =T — T, PRI HEEZ 52 5 2 & TR L
3, FMI Tl FMU £k o2 R 5 25 Z E A TE 34, fido TPIHIEAEES ) 12785
WK DITRET HDVNENDY T, IHEE T A =2 L LTHADHZENTES FMU LY — /LT
BT, W"TRA—HZELTHZDZEREELNEEZET,
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4.3.5. FATHFT T —
4.35.1. FAEI I 21— 32T — [FMI]

[

VIEEE TS — P TWETRER LT —TF, FMI OHETIINES I 2 L—3 3 U (il
SHERAEEZ A 0 & LE5A0T time=0 OFF) IC FMU ICA SN AEIZO0 e A0 ET, Z0

ANEFHEERANTY I 2L —ya LT LEoMERELT, Ttk —0NEZDZ &0
HEENTHET,

4.3.5.2. Fix [HaE]

2)

=T —DORFHEXD 1) 2) IR LET, W FMIEAEORETIZIH Y ¥ A,

1) VIal—va rOBRPNLREIMENREL D, VI ab—varRNE EKTT D,

2T, OETNVHEEKOEMEFHEFECERT 260, @QFT AMEOEGEHIEICERT 250,
D 2ODr—ATH T CRHA L £,
OF T /MIEAELIRE R B 2 RS 328, BEAEIEN L THWD Y A SOIREEIZA > TV D
WS ZEN, BEBLARWEMICRY £9, 25 FE TIZ, Runge-Kutta VL NOLEEIKZ X 4.3.7
R LET, EHREVm IR LI EAER S 2 FRPOROSEMETT, FHEllE, YT A LR
Ty T DAL TS TELLET, At 2 < U TICREO I 5 2 &R0, IR D LV Y v
NERNWD Z LR EOIEREZBNET,

ERK, s=p=1 ERK s=p=2 ERK, s=p=3 ERK, s=p=4

St 1 3

2t { 2}
1+ { N
1t { -1
=2t 1 -2

-2 { -3t

—_— —_—

-3 2 O 0 3 2 0 B -3 -2 -1 0 -2 -2 -1 0

X| 4.3.7 Runge-Kutta Y LV OREHEE (1~4 1K)

@7 F v Mt THBICRZ T 57— 2L LT, WHEDHEENWIEL TWABANEZL LN
EF, RHT AT 74— Ry I THBEREL AN, BYT AT T4 =Ry 7 iThoTLEST
WHRERTT (4 4.3.8 DHEY), 412 1R LIEXE 912, ZxAXOHHEOBBREREI L, ARk
YV — )L TEIEZEE FMU 24 /3 2 0 F0AMUIY — VT B2 RS20 LT iEe v £H5 A,

Val—YarO@REnoEENREAZEZ LY I alb—2a URREKTT 5,

T MNETATOEWGEAEEENZEL, ZOEAREEL D BIEWEREOESEZ (12X
DIEIE) DB L TARLEILRS>THDEr—ANEZ b ET (M 4.3.8 TE), Co-Simulation @
FMU Ti3% < ®4;4 Communication Step Size # /& < 35 & [H#ECTX 9, Model Exchange ®
FMU TIIARMIRED VY W ANTIEITTHEZETH, WVIALTEFITERED YV )V S TIXL EMEDEN
LRV =T —BRETDHZLHZNDT, EATY— VD YN Z AR — VA CEfig LT, TX
LI OEN I NN ERHNTIFATHR L TR ZENREE LN EELET (8.34 ),
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0.000 NPTy,
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2e+43
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e e e S B 1) PEROMBIREIC L DR
06400 ! \ \ \ \ \ \ 1 ! s

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

—— CSEHECLBFEL

Bt : 2) (BRI & D%

4.3.5.3. FEUCHK [IE]

Vial—varyRNEICEE T, FEMTHULNLGE T,

BB AT T NN E T2 — /L C Model Exchange @ FMU Z{H L CWAEAIZHAETHZ &
MEBNT T —TH, R/ NRERZ R 2 /NS < T 57 EOXREITVET, §<®%ﬁﬁ%%7Lm 9%
L7 FER (A XU b)) OREPFHRIZRS>TWETOT, ETNVEHHICEEND A XU Ml 2355
EROTEETAZHXENRSH Y £3, 77 MNAILO#EF TIX, 4.2.83 TR L 97 TRERHEDO @E
MOBl) 2R LTFIW, 7o, FEREY —VETREMR S ((BoLv—7) 25272546, F—F
N TORBITERXE Y NVARIREZ S LT 57D, FEICE > TEMRELNT IO XL S BN HEA
LET (4.3.15H),
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