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Abstract: For the large and complex products, the current traditional model-based systems engineering
(MBSE) method of the integrated implementation of multiple modeling and simulation languages and
platforms for system design and simulation verification can not ensure the efficient and accurate feedback
of system design to realize the quick design optimization. X language, a new generation of integrated
modeling and simulation language based on complex systems and supporting MBSE, is used to realize the
integrated modeling and simulation on cross-domain subsystems of civil aircraft for the take-off scenarios.
From the demand analysis of the take-off process of civil aircraft, the system-level model and
physical-level model of the take-off scenarios are established, and the unified modeling and simulation
verification is carried out by XLab, an X-language-oriented modeling and simulation software. The
integrated method of collaborative design and simulation for complex products based on X language
provides a new theory and method reference for the designersin different fields to realize the coordination
and optimization of the complex product design.

Keywords: complex products; X language; model-based system engineering (MBSE); modeling &
simulation; collaborative optimization

ek H i 2022-02-12 EEIAW: 2022-04-14

F4&TH: EZKEAHLSH (2018Y FB1701600)

BEF: 861995, T, WA, WFRUTRCAEETEMN ARG TR, B TR, Zfli&. E-mal: by2003151@buaa.edu.cn
BIRPER: 5KAR(1966-), 5, tlL, R, AL MANERKGESNE. hlik, B THEY%. E-mal: johnlind999@163.com



5 34 %5 5 1 ARG AR Vol. 34 No. 5
202245 Journal of System Simulation May 2022
5= Ko SCHR[ 7R M 1 —Fiii 1] WAL 28 R GE i IR

AL R RGEHME R AR
Ze. s REE . TARREIE 2410 2 Y,
T A HlE R k2 R 20U S,
FEHBOEAEE R, FUEEREGER A RN
BLsE Tl I AR, 7 S L B FE LIS R R T
MIERPE S G SR, XFR T B3 1%
BT 8, Al & . 20 4 90 FFARLK,
BEERHARORIEE, K2 CAD/CAE(computer
aided design/computer aided engineering) s 5 5
PIEHEARE T RN CIRK R, BRI 2 2
LT i3 4 AR i JE T R SR BERR - AT
FRENLR UL, B FELEE TSk iy ey 1 AN
FEARARAE G 7 i (P BT AR o T IX R A el
TE—E R E S ™ S AT SR,
DRI, S A 7 ot PR B - RE AT T AR 51 T7 22
(RIS E, AT A 25 52 7 il R BT IR R, B
ICHUA o B AR 1) R AR AT AL IR et i) i 18
W AL G 1 2 T 22 56 T RS 2 ) B A0 R R
R A,

FECHL BTG I AR, dner ) Ay
AR, Ko WL AT R ig 8% 3 ) Rt ER
KT RAEM BT R B R TR, & ANHEEMR
o [ A XS T e T BN 2 T AT . SCHk
[4)42 H—Fp 3T Matlab ¥ Model VariantsH AR 1l H
AT C B R R0 R, TR R HE
SR AE AR AR SO R s SR AN R BB B 75 5K
NI B2 i BT T R 8 1) B ) STHRR[B) EEX K
HUBTT T8 I 25 2 e A7 A2 AR 4T ¥ bt P e 70 A
AR R, SEEL T B PUiiaE i 4% (auto disturbance
rejection controller, ADRC) ¥ 11, BB 1 H45 K&
W, fEA LTI 2 #5000 T, ADRC M T1&5¢0:
JE21m ) PID #5688 . SCHR[6])%E T Modelica 7E
Mworks “F- & ST CHLR R RG JAR AL, 4%
BAMFERE T WL RS 29U & 1RHE, 19
WE T PR R R G T SEBUAE SCThRE, A IR

H2 RN TR A 7, 12Tk R 2 R TR
BRGNS AR, S TR EE . A4,
FItERE 3 ANYERE IR . SCHR[8] 2T AMESIm 2
S RAWEE b4 RGN 07 AR, FE T2 B As
BN R AT Zrt s WA ST J5H
RIGUE ST A HTORRIE R T KRG it R,
EYAR TP, B T RO . RIS RGER)
B @B 5o b AR e 1 RV B
R, L RATHE ARSI, (AT R
[F] R A2 ELIGVE B S o BT RGBS AT 5 A3 A 9
ARefR R % RG0A8 H RO, Rk, 2620
ARG TRE A L LB 5053 4 66 58 4 42 4 150t
FEAERITEEBREG, bk 2 vt 7 KA.
RG TR B AEE R, B,
G055 PR R GBI BT HEE K R IR 2TV, &
G BN SMERRG RG22 iE =
SOH L G 22 88 T AR D79 DA ARE & N A
8 LA g R A T SEE B AR SRR T 2
(] (R AZ AL 38, SR AL T SO R LAR TV
(document-based system engineering, DBSE) i1 5
T2 R i PR () o3 B PR — SO, DA v B
7o 4T, ERMARS LRSS H INCOSE 18
2007 A4 ) 2 T Y ) 3R 48 TR (model -based
systems engineering, MBSE)!*4, MBSE /i 02 B &
RET G AL EREE, T BENE
THFRERE. 4H7, SEI MBSE M ERERES
J2 FHO S B ZH 4U/F 2001 4E1E G — A IE 5 UML
FR LA b9 R R H R T 7] 2R 4 AR A v AR T
= SysMLIP, sysML DLEIFE A 3L T 9 Fi
BINTE K G540 AT A 3AYERE SR R G TR
FEEB TR, HAlFRsH SysML (16 1BM
TF 1) Rhapsody # EA KIS FR 4w i b B
Cameo Systems Modeler (CSM)!* . MBSE #H 5 %1
THZNH MBSE @A DE—AFTT, R0,
T SysML ARG AR AT, HAEET KRG 4L
MLV E G UE , Jovk SEIAE L R ) AR

http: // www.china-simulation.com

* 930



5 34 %55 5 11
2022 4 5 J1

e DA T PRS2 IR [ S5 Bt 38 438 (1) B U1 1)t o 55 Eodk 7]
M, o< % 8 i FMI(functional  mock-up
interface) I 5% Gt B RN B AR A B 5] 477 FLAGHIE
Wit SCHR[15]4EH T —Fl MBSE 77k SRl RALAL
KRR B, AT ML Sl T R kiR 1
ARG SysML DAe AR AT Simulink 4 AR Y
PIBE D7 FL, AT PRIEA R SE LR SR IE . #fAn
R TI0E . SR, BT TR ORERA Ui o
S AR Y (1) P45 AR B B 2 o DA B R G I i 4T
DR, BRI, BRI B AR R SR TR
PR

SCHER[16-17182 15 — PR BT A 31
LRI T7iE, BN 48— @ AE S (unified
modeling language, UML)SEHLA] Modelica 1 BT
SCHR[A8) B2 H T 3 M EE /40 B /% 6 (query  view
transformation, QVT)I¥) SysML %] Modelica ] i &}
J5iks i T TR #HITEALE]) SysML4Modelica
PR TE S, A5 QVT FEAN SR [] f1 X i) e 46
SCER[L9)4R T —Fh T SysML MG —AT N af
5 UBML, @it Simulink, & TGG(triple
graph grammar)SEil 52 AL R S0 R A 2|
Ui R S, {22 Simulink 477 32 22
AR RS, HELUSEI RS R H . SCHR[20]
BT OB A AR, BRI TR T SysML T
PR BT 3 46 73, d et e 46 O AR ) S 451 A S B
ARGV B AT e 4, B IX 4
J2 U BORERE P (1 3 e, M DA SE R 2 RS WL 54
PRk, CHR[21]3E T ATL(ATLAS Transformation
Language)SEHL T SysML %] Modelica [, 345
H T T oo R ) M-Design ¥ EELE X, B
S A SR A (R X ) i 4 28 BT 30, BARY
BBV A B AR I 7 VEAE — s R FE AT 1 et
i E 2 A EE 22, {H T B REGEEIE 5 Y
PR 5 25 e, M DL TR SC R AR AL A
F RS AH LG o BTk, SCER[22-23] 2 T
SysML . Modelica f 2 15 AR K iR M7, £ DEVS
FOHEZE AR 1 — M1l 17 B % R SCHF MBSE (1)

wS R, S T XOEF IR WS R RSO S 0 5 R E

Vol. 34 No. 5
May 2022

R EB RIS —X 1B . X B 5l
VR s ] AR 2 98 1 PR R SCAR [ T SRS BT R Gt
(1) R SR R M G — R, Rl g — (15
T DEVS (14)i 5| Sk 47075 AR, AW S A5 IE
Bkt g, EBEE IR E .

AR T —RIET X B S R S
BRI — A R OV, R RALE © 5
SOIAT T NI TE . 1 JeER i ML 6 R i 2
fili b, FET W] X A8 F K — A @B 5P & XLab
b, FETREREL B, S S B e i g
(R SR SDIRe ST, NI e R M it BT
I, 3BT X 18 5 discrete FEH KL K FEE
AR DL K2 5)) 2 A E) ) 4458 L function 2§
P AT, i Je i couple 2R i iZ 4548
TR | IB B FANE) ) R 2 (B A a8 4,
ABET G — 7 BUAS SE IR () — AR A4l FLEIE
— AL A BRSO B T SR RS R G
TR THEEM T RGBT T EAER 44
i A, DRGSR 2R 48 1) BT 7R A ST
iR, IRBPCE AR B I E

1 XiBE EH RGBT E
1.1 X iEsHid

X VB F AP R R A RGECRF MBSE 1T
— A A B S PR, X B SRS
HERIES SysML. Modelica ff B AR K iR JiE,
BT 3 B # 1 & 4 MY (discrete event  system
specification, DEVS), SZHl & St 4k 5 i1 A ks
PEI — b B, JEEE T3 — M @ B0 1 A
—XLab SEI A RGRRL P FIHIE. X
MY REEES, £ X IBSHELT 7 MR
ZK(continuous 5. discrete 25, couple 28%%), fFFh
K AAETEASCA 2 Fg i, &2 ——
X, ] AH B AR

XAEF B B EHE 7R 2RI, 43000
FoREL HBE. L EEEL TERL
FEL RSHLE, Hrb, FRER G E L&

R

http: // www.china-simulation.com

* 931



5 34 5 5 1
2022 4 5 J

Grm R IR RGIRE: E AL ERE
BSeOURE R O p ik s i RE I s B, RS
PUESCBUE Y (e 5 . B DL AOE S B RR 54T
NHEER, wE 1R, £ X EE B S
XLab ™, RGITENIEEE K & KR
O RGN Z A A, A TR 153
K RSN 28 RGEThREAT iR e, AT R

PR SR

ARG AR
Journal of System Simulation

T ‘ ‘

Vol. 34No. 5
May 2022

[ B0 e xR SO, R B A & 5 1 51 2
fE AT I UE . T, SRR SR AT
TEK— . — B HARELT L RS T
R, AR E S AR GE BT IR AR GEAEAE 1B
THR AT AL, ASBIA A IR R B A L R
gidiok. B, ET X EE0 R ETT
AT R R RGO TE R AR

s s e | ke s s frasbiook
b

K1 XIEE Ay JAELE
Fig. 1 Integrated modeling and simulation framework of X language

1.2 BT XiE 5 TH W MBSE [ — &L B84

HITE

AT, MBSE ERZOIIERA 2 Fh: THI
Rhapsody - Eff] Harmony SE LA %[ Cameo
Systems Modeler T. . [ MagicGrid.

Hrf, Harmony SE 777411053 N =47
TR DIRe AT LSBT ER S o ANSEELANT T
[, Harmony SE MAT ik b == BAKH T-15 B K
it P DA B RS LI R 58 BN 52 4% ) 3R Gk R
PR AN AT IR DA R 1 S R A D R A 1)
wit, FEA R T SR E M.

MagicGrid J5 ik il i 0 B 1 NS 2 24 &
G . WIRRE, TR 178, 4
ML ZH 4 MR OMUATE N RS TR T 3
K WA ISR, 32205 4 1) USRI g ot 2 A )2
B I3 HT RGIRR R TT 2 o HAZ O B SEILIRUAE
e I KT A, 1B 0 58 SCH RS R G i 46 1
AT R, RN RG0) E SRS AT N K R 5
MZELAIHR . NSEIGETJ7 1, MagicGrid W17

FIR AT % B B DA SCIRAS LI, H 2 B s AL
SR A

SR1MT, B4R Rhapsody. Cameo Systems Modeler
P it 7 B AHORL R R BRI R G RV T
(Harmony SE. MagicGrid), {HITMFE, XFhi
T SysML Fy IR IA B FF AR AT, AR L
Kii, Rhapsody 1SN E 28 R &1L e,
TIESLM R RIS . Bk, FEIER MBSE
THERGI N B TFB R SEIMA R Rk
AT RS —, A ReH IEEI RGBT .

HHT, fERMSEINE R R A B — 1)
MBSE @R BV 2 Fh: 55 1 P 25T SysML
WL RERTER. ThEE. B, KT
Matlab/simulink. Modelica S5 & L3 AR AL, i
JEHET FMI SRR 37 e B 07 FURR Y, ARk AR
IETT RS0, S RGBT PR i e,
W 2 fross 9 2 Mgk T SysML @3 R G R
Ko Dhee. WA, @y R SysML Tk
SysML 5 Modelica %4 5] 28 SLHL 2R G 2 v v Y

http: // www.china-simulation.com

* 9032



5 34 %55 5 11
2022 4 5 J1

B A B 4 A B, AT I B PR B0 2R G 1
THHHEE. X 2MTEHTFEZMIES . 2T 6
LRI, HAT, BAMER MBSE @ T
Raphsody. Cameo Systems Modeler &4 584> % #F
W FMI SEBL BT AT ARG 2RT, SR FMI
BEAT BT AT AR B R e, o ) B A 2 Ak
ITARS, — BB TR EE L, WHEE B
Ja B R ER B AR R FMU, B AR AT 7R 3R
Bk, RCRACH k@ A R E AT B B AL
B R SysML IR SysML 5 Modelica ##:
SIEER T, BRI R e S Y I H Bh
B, RMmABEB R ERN, BT SysML §
Modelica JoH A AN T84 — B, PR AL 1)
AERR I AE LURIE. T H, BA R 3R MBSE 22
T H.41 Raphsody. Cameo Systems Modeler A 42
fit SysML 5 Modelica % #:5] 2%

X B E MG T R A LI B R wit
A — 4k, LT FMI B TR R iliE
T A B 4 5| B ix — i A% . XMl g — Pl
BRI E R RGBT AT B — R4, PR 7R R
GRcit 7 E SR, W ANKOE AT LI RS 4E
T ECE AL, T AR %, It
A ARACE G 5 TR B 40 A 328 () A — B AN B UM

FT X EF M MBSE ) — R L @A By
%, BARET X EFHFEREL BRI ES)
PR R 7 SR | DAY, 50 RN S AR A8
frs ET X IE SRR RS, E83K,

wS R, S T XOEF IR WS R RSO S 0 5 R E

Vol. 34 No. 5
May 2022

PRI 5 ) 58 R Gt 02 YR B AR TR R ) P A T
IR, X iBESHT DEVS Hli, Wi ia a2k
BT F i F A AS ELHLAR SE I R G 2002 i AR A A
RUMIY)ER SRR Jl, TV 50 BE 1) 42 R G {7 JLAR
B, FE B E IR — R 5 EHIE Y
AT SR 003 2 B, AWk AR RSN & F RS
A, EB RS E R PR IGIE S
b, WK 3 fim. T X BEEREMNESASG
i 22 G0 2% 38 0 40 b TR R0 4 T 0 R ) — A Ak
B E, MET FMI SR R %, S5
(D140 T0 5 3 AT A5E R F B A4 A 7 4 2 A i I ik
T o 4 RGP PR 2 HOTo 10 2 7 R 77 2R
i, RFBSOZSEUE rT 8 — R 55 B A
k. Bk, T X B M MBSE 1)— 44k
B 357735 P AR S R G s v 7 R IE S5 R4k
MHERE, BERSE R MR 55k, i
TRAEET X 16T LAV — A @A)
B, ERR ok, IR BRI B SIS
ERSILI R AR I E i
2 ETXESRIE WREBEEGE
M, MBSE 777 QA NSRBI RGN K
AT E IR T E . B ML « LR ST DC A
FNU LA TF R IEAEIZHTR A MBSE J5k
SR AL R RN B R G TR B R S
FEFL.

\v4

R _— SR
B2 36T FMI SRR LA )7 2

Fig. 2 Framework of modeling, simulation and optimization methods based on FMI integration
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Fig.5 Requirement diagram for civil aircraft take-off scenarios based on X language
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Fig. 7 Activity diagram for civil aircraft take-off scenarios based on X language
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Fig. 8 Definition diagram of flight system based on X language
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couple fly_system
import FCCsystem;
%mport Propulsio.usy.stem: connect(fl.turn_on,pl.turn_on);
import Communicationsystem; - -
import Brakesystem;
import Landing_gearsystem;
import EPAsystem;
import Dynamicsystem;
import Pilot;
import Groundstation;
part:
FCCsystem f1;
Propulsionsystem pl;
Communicationsystem c1;
Brakesystem bl;
Landing_gearsystem 11;
EPAsystem el;
Dynamicsystem d1;
Pilot pl:
Groundstation gl

connection:
connect(fl.turn_on.el.turn_on):

end;
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Fig. 10 Partial text model of flight system based on X
language
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end;

when receive(start to takeoff) then

transition(preflight check);
end;
end;

K13 T X 15 FCC RGiH o AR
Fig. 13 Partia text model of FCC system based on X
language

W LR RIS U5 1 R 38 3h AR A
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Vol. 34 No. 5
2022 4E 5 A K, & T XOEF R IR R RO S 05 ] AR Tk May 2022
K12 4 X iEE FCC RGUIRASHLA
Fig. 12 State machine diagram of FCC system based on X language
discrete FCCsystem FX .
value: state preflight check —=UuU+w(g
real speedFCC; when entry() then m
real altitudeFCC; statehold(infinite); FZ .
port: end; —=W+uq
event input bool start to takeoff; when receive(normal) then m 2
event input bool normal; transition(send_start0); M = q| ( )
event input bool unnormal; end; . ¥
event input real h; when receive(unnormal) then 0= q
. transition(stop); .
state: end; X =ucosd +wsing
1nitial state stop end; _ .
when entry() then h=-using +wcos¢
statehold(infinite); end;

U, wr Ay X B Z BT 1A o, W
B X A Z BT 1EINGE R m Oy KHLIB R 9
A q 73 B AT A AR ffy 35 AT 1y 205008
AN AIFEAN Y A5 s x A0 h 350 X AN Z 47
A RATEE S

BT B, /£ X EET, EIFE T
FRERERE &, 2 T couple RSB /) AR & RGN
ERR(E T RGN BN B2, fe, 3
T discrete 273 LA ) R G NIZ B &
Gt JEF function JEEE S KATHAEIRLAL. TR,
MEN I EE RG TR UL K23 R G
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IR FETT 4 BT discrete Rz sh RGN, EEE

FT couple RM R 1A R & RS TIZ R
TEEIT AR 1, 322 i SR RIS R AT Hik
o, 58 LEIR T 80 )12 & RIS T RGN
i N o 1 SRR EIHEA 1T ARG AR,
W, WA 14~15 FoR. Ji5h, EELEEN R
G ARG 2 5 m] E A O S SCAS R,
WP 16 s

v v

“~function =disercte>>

Kincticsystem

<discrete
Fly_envesystem Kincmaticsystem

K14 BT XIEFh e #2508 LK
Fig. 14 Definition diagram of dynamic coupling system
based on X language

ot

Fly_envesystem fl h

E J—[]
Fx Fy Ij‘_ u :l

) Fz 3
Kincticsystem ki D—D Kinematicsystem km1 l_
M W

L_l.l I.‘__l +—- DT_D

K15 BT XIESh G REUERK
Fig. 15 Connection diagram of dynamic coupling system
based on X language

Elevator

couple Dynamicsystem
import Kineticsystem; connection:
import Fly envsystem; connect(f1.h.km1.h);
import Kinematicsystem; —connect(fl.rouk1.rou);
part:
Kinetiesystem k1; end;
Fly envsystem fl;
Kinematicsystem kml;
port:
event input real T;
event input real Elevator;
event output real h;
event output real u;
event output real w;

K16 Zh )i a RYE SCARRRY
Fig. 16 Partial text model of dynamic coupling system
based on X language

AR, B HE R ACRESYLEEAT L,
17~18 fiz . Horb, € KR 188l R4
SR RS R DL Nt 0 1, PRASHLIE
kR TisshE IR R SRR . TiAh, AR )
G ARG Z )5 AT 3 AL B X R 5
AR, el 19 .

K17 BT XEFEavRgE E
Fig. 17 Definition diagram of kinematic system based on
X language

K18 T X EZBEFRFREHE
Fig. 18 State machine diagram of kinematic system based on
X language
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il &R R RAEMEBEN ITRATHATH K req7 15 L2
P EAERHEAT 07 5L, G849 30 17 45 AR E Y
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R, — HFSRIGER 2N 2, T DUl A R

N AT 40T R G R T LA ), 223 2 kAR

oAk, mZIRBIFTE IR R SRR A0 2 A

MO TR X, FEEN A H LRI UEF 25 4

R TR ) RAT PERE 75 KM 2 15 L - FH B 5 3

R I B R SR AT, KL KO AR 1)

PERE T SR FEALHE: regd. regs. req7 Al reg8.

K20 RAT R EA R
Fig. 20 Simulation result of flight height

K19 BT X B FIZahv KRG M U
Fig. 19 Partial text model of kinematic system based on X
language Bl 21 K RATEE B0 LA IR
Fig. 21 Simulation result of horizontal distance

Kl 20~23 J&/n T RMLER RS AR o & btk
RES B (TR K CATEERS . 3R DL R AR
A E L. 55T 20~22 ATLAKREL, kAL
HEEFEREE 80 m/s RFEHATHREEENME: kAL
T 25 m i FERY, RAT I EHET 85 mys. HthT] I,
MR RAT REWT IR HERE T SR regd. reg5.
reg8. 74h, MK 23 WA, KHLTER il R,
TROLERIIRFAFR A7 AT £ 7E A TR AR R — B, KA
BB 6° 7 4B o 1, I AR AR SR KR &
TRFFTE 15°4 4T, WA EE 0, 1X U 7E i
KRR, MDA KR 60 4, KHLIETE BT R~
Hh T B DA A5° A2 A IR A e ERTtE, 4R Fig.22 Simulation result of velocity
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Fig. 23 Simulation result of angel of pitch & angle of attack
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