- .
—— Ix oru

FI AR BPETET ) Bk, X, & R AR AKAME FEAIATR . F R A RAE LR BT [T]. AL H) 2 # K , 2021, 64(20): 38-46.
ZHONG Keke, HONG Haibo, SHEN Yiping, et al. Study on digital twin-based integration framework of aerospace key

parts machining workshop[J]. Aeronautical Manufacturing Technology, 2021, 64(20): 38—46.

B ABERERDER K H T
DU ) S HE AR

ShImI | MR X LR, TR, EFE

2. BFRMEMEKRF, &% 210016

(1. LA R A EHARAT 5 PT, £ 201600,

3. PEAAM R 24435 TR RE, L% 100048)

[fAE ]

At RTMERATR A TN InE N B S ZIN TELRAE KK REE 2RI RS RIEFEE

— AN, FIANHCF F 4 (Digital twin) #92& F B T A7 ik, &oMmE ey £ F B8 5, BB TAT

BT FAFARGAR X E I F 8 FRAER,

W E T B A IR WA AR 21 A B AL AR T

XS R E SIS

iR T AR E I A L LA RIAHE T 5 EE ARSI T 5 R e R e 2, ik T AL £
Tk ARG R S RS, NI IR A 3 AR ALY FH AR E 3569 B AR,

KEWE HFEA R AT, A E ] ERER; R EE
DOI: 10.16080/j.issn1671-833x.2021.20.038

ST

BRIEW, WL, FENEMR
EHHESHFEERRARS N A
Ik

YER S G B R Si( Cyber-
physical systems, CPS ) 7% 115 R 4%
OHOR, B A5 E ( Digital twin, DT)
= LIRS AR A RS o O
ARBTABE R , SO o 7R s (R) S A
AT SRS RO AL, JE T
ST TINE R A 25 5 D3R, AT
S IR T Aok AR Al 55 AR Y A A
oM, Ak BT AR RS
PRSI R 2R RO TG A
SIS L SR A, TR i L2
T IR B AT T 4
BLE D[R] A A B ok B A7 B T
WS AR P

DA A4 A 3R i B (] 5 {2

PFEA BEE 2R ROR LA S R
A S SR AR R AL, R R AT A
(Y T2 B AR BB B, 122 e 2 S UE
B R R B, LA )
HRITRE 5 TRt 2 A SR | A
P LS ) AR AR, 0 PR IE AT 45
(iR X (S AT WS A LN EPRE S
HIR M BB L MR AR,
PRI A K AT i Y O B
ko B RTHLIN A 18] 7R B 22 i Fif
AR N I SRR A AT ST AT AR
il B Bt T 2 sh AU AT 55 L A ™
o A ] T B B — A R I
5 R R A AU ey 45 ) L5 L
TCIEE A DU A A

* BETE : Fis R H (21QA1403800 ) 5 b Tl HIH M 611397 & & &3 ( 2020-GYHLW-01009 ).,

38 Wi HIEEEA - 20214E 5 645 5 2010]



Digital Twin &??5’3

ISR GO e N TSI C
T TR) 32 Ay I T e 114 7oA 01 95 114 5
BATEERPRK

oo o AR A At — {7 LT —
PRI 2 B RGO 1
ST R T HILAN 2 ) B 7 2R A 4
RERINHELE 2R A B R TR AE A L
PERUIN A ) BB, R4
TR BUIK Sy 4 ) A 7 A Y A
A R B SR AR, X 4
THT T A A P PR K - HoAT BB
14 IS TR

BFTFERARS
MNMERMERES

A PURE B r= ot
BUPACA PP SRR TR A
LR OB e T W i U 7/ b LA
5 K A0 2[R0 114 XS [ S S5 5 S
AEH., SEIAEMUIN G2 () 25 A 50408 1) 3
72 N R P e (3| 4 0 N g 8
L R A AT, AT SE B
K AT E MmO T %, ]
IR RUTT

(D) HERETHAIWERET 2,
T TR &SRO T, &
gepl e rh S5 B R A T
Bl i R AR A AR
R I FF AN TR 55" 1Y
T v A i sh A AR M
DI ST, T2, At
FEEFXHIN T T i T 3w i 1
AR I T TR AN T 240, M
RO T AR I 3 T2 AR 5
TR AL SIS L, SN T
B R RIS E SR e LR .

(2) BRI T 48 1l e
5 A 56 [ = SO0 AN P 32 B g
HlREAR . BB Bt ——  — P —K
F ARl 2 L Ty B AY 5 E
S S DS AR 45 5 0 o 2 o a = o
AT B TR T R A i 2k )
T I) RS BEAS J S5 () AL A 5 i )
H T B s, I e T B —
AHIF 5 38 3 A 8 R W S B in T

A O A ) A T AR Y
FOPRGBERE ] , il A R e
5T RO T B R R S E RN T
R EARKF

) IEFZ T 2 EEHET
AR BEHE = RE ST, Il 2 2 R S AL
Fr R R 1 A K . H AT A
T2 5 HE™ 453 2 A/l TR Al
AR FEAE A I R P AR S
AR EYS ) A K B
e B RORAR . AT TEA AT S 0%
SERPF RN T e B IR 4 A
PR R U TR S
S AR 24 58 15 ik B ) S AR
BL , BETHE BE A IR O SR L

(4) EHERE T AN TR,
TTES ARGV, BT RIS
AR RE R ) A 2. AR L 5
FTBO LU T w0t
PRAE R B 8 P T 25 Tl ) Sl AN
B (], ASBI S 5y B i AR 42
55 AU i AR G0 e SR LR A
S, PR W 17 7 (8] 45 A AR B
THE [HEAARLRE , R AT R IR

WFTEEHMER
BiEEMER

PEE 1018 I T 17t N By
KA ZE[B) 0l 55 75 K i 3 Ak
b AR AR AR 3 WL 55
501 MEREE6 7 MU, FISeECY
AR R S O T T A Ak
Bt IR HE™ 5 3 S IR
ANpis S bRSE ANV E N A R e
T RG I RGN
1 FT7R W B A5 A AL 2 ) 3 {4
FERAESR ¥

(1) BB, DA A 1)
B IR A I ) 4 SR A% 0 A, )
JH OPC . Modbus TCP/RTU , Profibus .
EtherCAT 45 RAE VMM 45 & 15 54
BUS A BT SR RAEAUIN AL F= 80
Y T2 s Wk T X S IR
PO 1 TNRIRUW (=) SN il EAE I (S|
WP AR A FRAE 2R ZE PR A

SFRERTRk

(2) 225, R B R
A PR AR 2R SR B L S
i FELB AT SIREBRER AR
A NHURRESR AR 22K
SER AN

(3) Wbt hXl, Kodih & ot
YRR 4 ) 5 AR A AR ) 2 R 0 B 15
iy LB S8 IR A — bk
S DL ) R L Bh A B R 1)

(4)flife V6. mEmdiA.
BT Kd 5 s ARl Y
JEFH T W ) AS [ T REAS R (14 45
A e T | E A EE T 2T
o) 2 BE LA S T i W APP, 3 A
APP ZAEME R G0 Kk 5 BARVE BT
i o5 T ot A A A e o 5 | Y
SRV E= 0 % i b I W& o B
M APP HLAE R BCE 500 % HEAU 4
L1 7 P = <9 1 B K 1
FERAREAZEE 258 APP, T8 AN
PEAL 3 42 8] S5 B Al 55 2 75 (]
2B R G Xt B A2 Rl 4 4 )
AR BE R T I sy
Mr 5 1

(5) 25 F0a], 25 A (A A
et/ ENEIN RN Y EE E¥
SRERMMES M, Hh R4
SN AT 55 10 S B 2k A4 RSBl T3k 5
R 0 TR 2 A L 2 [ ) S S e 555
LHFE 2B R G T4 GRS
S AR 55 AR AL B TR SR AR

ZRHFPEELER
EE S5 Ryt

R R R FAEA BEA R A E L
T $0L 4 el g SR [ P XA 4 2 )
MRS LA S & WF9E T — i
PR H By 2 WO SV EZ
i i s AR T T LA SR AR A B
D71 AR AN J T S 475 B AR e 25 5
Y5 5 o ol 8 2ok A 18 SIS )25
TR IATIRAM T . R AESE ©
& H1 Ontology 77 7%} 9y #23 [8] FlfE
BAS o AT EE IPR Iz AR IR

20214655648 552000] - Bt hEHAR 39



- . .
—— Ix oru

AL T 2R B
| msempbE mk T L TR |
Station5 Station4 Station3 ,_],. . Stationl StatiogZ {5 B 1
E st “.f b 'x_n“l‘ .I..'-”.l't'-L:“ IL’{”J{]:‘TE e JJI]IIZ“
) ol . ziw%%ﬁé BaERt "
7 el o ZHiE APP ik
. . f ==
EMBCEREEOY | EREALE E N § | »
IRZ IR BAK TFIT TH . A S e | | 5 5;;,3‘;5
1% % gt | caE o
,J;E*%;b y& e ’_z',: r‘rﬁg
¥, P FJ’I S | 7 Fln:.?:
, ~ " Bt 2 3 Tk
‘ HURSER S (HIRTR ) ’ mi APe ol [
HETL | T
% » F
|||
1E D)) 14 | 7
e [l [ AP ||
BB [

B RAS L TSRS Bl b S U A

1 BRI AN ) B SR B AE SR

Fig.1 Integration framework of digital twin machining workshop
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Fig.2 Building and integration of digital twins of machining workshop
N AT 7h i LARATE RS ST [T oooooooooooooooooosooooooooosooooooooooon
2 iif;?ﬁ;ﬂ;ﬁ’]&%m TEESE BN ES
Y ‘u:.\ ﬁ § : 2 5
R R et SO Y - éo CMOXfk L5
RV £ U R IE SR B L B T4 A :
(9 A , SR ) 22 22 Ok 2 |
TR LS 5 a2 AR A B o 17 ML, R ¥
FHFR A B RA B 5 1 LB R F1 2% — ﬁ
Bt A UL IO e, ST A8 R
PEUR SR AR S AT, R LT pelin A
FRBASERY (1) 77 15 I PR 25 A 2R 5 1 i) TR
REBEE 5 JiJ5 76 2 o) 2 S o
AKHRA RS X0 W m il ks
DB HRORAISERE T AL b R
Dl R g By 0 1 Y e
IS4 CAE ST HCE EULSE N o 7 i Pl
AR, I E 3 R ;% S
. _ 1 PR
FH IR Y
MITZHsit (BB

Ui 4 B, 1T R G E AR AL
T a4 37 5 v 2 AR R B Bl Y
T T ZAAC AL LR BT
KA (D) TR TR E RS,
DU TR E P B8 i T-RE T ik
TN B YRR A 1
v, X400 A il BN T T 20 A
AR T S B O ik 4
VIR MY 58 ) #E 47 R 4005 5, k4

3 ENFEEELBRRE

Fig.3 Online simulation flow of virtual workshop
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Fig.5 Visual process dynamic simulation
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Fig.6 Implementation approach of mixed-flow scheduling optimization
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Study on Digital Twin-Based Integration Framework of Aerospace Key Parts

Machining Workshop

ZHONG Keke', HONG Haibo', SHEN Yiping', QIAN Weiwei’, YU Chenglong’, WANG Yufei'
(1. Shanghai Spaceflight Precision Machinery Institute, Shanghai 201600, China;
2. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

3. China Aerospace Academy of Systems Science and Engineering, Beijing 100048, China)

[ABSTRACT]

In view of the increasingly prominent bottlenecks in machining workshop for aerospace key parts under

the new situation, such as the long cycle of process optimization, the low efficiency of resource allocation and the lack
of means of quality assurance, the concept and methods of digital twins are introduced. Combined with the production
and operation characteristics of machining workshop, the digital twin-based integration framework of aerospace key
parts machining workshop is introduced. The ways of achieving the twin environment, the mapping hub and the enabling
platform through twin data are explained. The optimization of the processing, the mixed-flow scheduling, as well as the
quality diagnosis, prediction and control technology are discussed. The development and the integration of machining
workshop digital twin system are also discussed so as to achieve the goal of dynamic iterative optimization and efficient
collaborative management of the workshop.

Keywords: Digital twin; Aerospace key parts; Machining workshop; Integration framework; Coordinated control
(T * %)
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