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Explotation and Practice of Digital Twins Technology in Spacecraft
Manufacturing Field

LIU Jinshan XU Lei FENG Jindan WANG Bin
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SUN Liansheng

Abstract In order to realize the synchronous improvement of quality, flexibility and efficiency of single piece
and small-batch production of spacecraft, the connotation and development of digital twin technology are reviewed,
and the basic model and dynamic evolution process of digital twin technology for spacecraft manufacturing system
including product twin and production line twin are proposed. The realization method of digital twin in data
acquisition, synchronous modeling, system evaluation and production line reconstruction is proposed, and the
concrete realization way of virtual reality interaction mechanism by digital twin is expounded, and its validity is

verified by practical application of spacecraft production.

Key words Digital twins, Flexible manufacturing systems, Virtual manufacturing, Cyber and physical
convergence
0 3% Gy w7 BT AR AR R RS RS s 1T

Wt T — AR B 5 AR R B e A R B
2R AR 2 T R TR A ) RE A A A58 DRy B T 5
M UL SR =2 ) 52 5 il OB T R T iR AR .
AR U AR AR BRI B T E N b AR SR B
) o BE QTR AN Z F 5T s B 2R AR HOR A B il
VAR , &5 9056 [ 28 50 00 % 5 56 [ | R = ALk
FIRABETE , HE W B AR e e i 74
TRV PR R LA Ik 55 A | AR A R D e %
FALAY ) TR R R 77 A 2 i S A B
7T, BT AT i R AR A A AR A ) A AR

Wik H 4.2021-08-09
F4T A . FE R EEAE TR (JCKY2020203B016)

BLH R SR SC B R . SEE PTC A /] P ] L3k
KBS E PR A A Al WAE A 55 R
e S B KR 2R A LR . R AT R S, T ] A K A
FEm B R G R B R 2 Y3 2 RE 2R
(A7 ELREE AL, BE A A FH A B A A% S R ds 0 I s
B A B i 55 A B R G N ) SEAR R TR L SE IR S
B AR fa g B AR o LA L B 4 N O T
SR, FE ALK i 1] 3 S8 G ] 328 07 A0 K 4 S A2 /DNt
SRR R R R R G AR AR B R U R AR A
il B AE 55 M, B A AR B 7o . PRI, AR SCEE

B EH BN XA, 19794 A, T WA B, SRR AL R BE 3 55 5 1] A SE T4 . Email : 8680833@qq. com

FHIMBITZ  http://www.yhelgy.com 20214 #H] [

— 105 —



XTI 2% 7 il B AR 7 R L B T R AR A R
TERT A A7 P A I AR
1 FRB[=MRMAFRERESEK

TR AR AR A TB AT BRI S R A 7 R
5 Z W HAT R ZE 5+, 6 H AT BOR S0 P AR R
TSGR (077 i, 77 i 19 s e e ) S AR
B o RN TR A AR i O BT ELAT MR Y B/
I 27 B AR T R A B A
P, R R BARS R ARl R A
3 00 et | 4 1) e 2 ) A4 BTG 2l B 5 M
A HE AR A Ok B 2% . TERXAERYFOL T, RAIE ™
i A2 RCR A [, RAIEA: 7= A P Y B, i 7
fift g LT [l
(1) FaEffYETES AR

B/ A AR AR, BOACRESE R,
ANBEIE Mk L AR dh B AR B T SO R
BRI G — . ELU TR R AT A B B R &
e, R RS S 0 R AR S AR B RS AT
55 BRSNS OAR M IO A 5 A7 AR
PEHITE R o R NG — IRk B RS T
FEf AR, S B AR O ST I8 AP
(2) HIERGXAEESHIE NS

PR/ IR B 2R PR R i i R AR
K LA By J7 5, 0 A BN SR AR SR &
SIS AR AN R AL Z 0] BV o X R AT
AH RS, FALSURE ) 22 A8 BIUMAS o, il R 48
8 2 PR T e A S MR DRAIE R | i T 2R 48 O B i
F BRI AR AR AR HAB IS BHE R AL ™ dh il i 2R e R i
BT BRI AR 50% , 25 Al 3 1l 1T B R AR B
(3) &EFTRESNSYREERME

HT T SR/ 7 i R SR Tk A R
SECT A S RIS R B 2, A kD
SR IR R A R i i AR
SUMBEING e AT R UE. i H., — B (el
R A AT B0 1R B IR s S BURE A S B
i L3 B4t A, A A P AR o X S B AR 22
KA, 5 G PN AERAE AW DR RIRET ARt | T
SR PR AL
(4) I LTz EERDHEERS 2

BRI R AR S R A A R
Gi— iy b i A D E A E SIS, Pl
SR OO LB 3l o AN = ]k AR LA 2
T R B4 5 3P T AR R, R Fr &k
s ME LS , A 4 A B AE o ik A BESOME RLAE SR
e B A BE AT HEA T, R AR E MR 2 BIR ], < —
YL , ARSI LR ARl H A7 7E
— 106 —

(5) EEMAREEESERIEMMmIGEMN

T A = AR PRI, S — A R 2 A5 A
P2 ) o] A A BT A AR, S
B N Ry BR AR N S AR AR Ak, i R A 45 22
BAR it 5 5 AT 55 (R R SR N i AR TR . PRl
TN B3, e LA A ik PO AG I8, 38 V) 75 238 ok
il 1 2R 58 1 DAk -5 TR Sk figk PRk o ) A8
2 MRS RSN FELENIELSR

X IR A, DA SR A8 AE a1 7 P 5 T
TSRS ATAE R LI A () R, S A5 AT P B
PER = i S A PR B A RD AR S P 7 RS
TS B TAS B =25 i T AR AL 5 S, ) 8K
A5 B SEHRAE , DL R 24 AR I ik S B 4
(] A B2 A TR A 1) e A ELABEL , DT Sy 8 -+ e ol o
BLE S, ATRAS G RGBT AR E R h L B T
A BT AR A AR A PR AR BB T AR AR AR 3 a7
ARARES RN B A S
ARG G B, N LR, TR R, 7= 4
B e A PR AR A I A R — A S S R
T B O TS RAGAY BRI | T 2 A 31 S A )
HYRE7S 497 7 PDM ERP \MES B0 445 1 248
X A PR B AR A N B S IR S

w, P
L

So o DA

ﬁ R
BRI

{
-4
@
a
—
&E@ 4 BT
BIESAE 1 HESES PR
i) ¥ il
Yy
ZEE)ZEE
BRSNS gEms Hime
o A
-7 - " > “ - -
D

BB e
HimsE

b m®ipwm
25

R A
SR HNEES i
R |
\
= |- I
g

2 5 = @

AT 5 55

RSP 5 g et Rt
Fig. 1 Digital twin model of spacecraft
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Fig. 2 Spacecraft development mode based on digital twin
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Fig. 3 Hierarchical model of intelligent perception and data collection in manufacturing process

FHIMEIT.Z  hitp://www.yhelgy.com 20214F  #4F] | — 107 —



AR AGV Wi /NE HLEs AN HRAEN G T A/
YUEHEE s B AR S 5 T 2 R A ) 45 A 2 119 L il
X G2, 38 3 % AT 2% 118 A e T LA S ST RIS 2 ) B R
415 1258 2% (PDM &4 MES 245 .ERP 24
Jr i R G0 ) [A] B AR 3%, 2 T S o s oo AR S A5 R
SRR, SRy S ) R U | 9 SR ) A Ak
NG T A for B4 BRBC &, LA ST R 2% 72 o o
ARG AL R AL S o BT BT RN A AL K 4%
7 o B OCHE R 5 SR W B N 4%, T 5
o 3 R R AR R B R A 2 R A ] 3
FiR o

ok HBHEHLAR BR S A& PR B T DL i MUK
ARG PR BRI PLC R G0k EAT R4, X T
A5 B — AT LAE 3 DNC £ 48 3 SE it /48 |, il
IRIA G Sh/ee 1k R IP B G o | E 45 R 45 5 (H
XFFAG O 7 | F PR 20 i b oy 2R AR A A R )
o B AN () D) 7 A B n el B AR A L U
DIGNAR (R SNDYNE EREDi N £ &/ TP S S A
XF FRSEIHE S AR s 6T AGV # %/ 4E BBk
N BB AR B30 25 55 2B SIS JR R A st 2 i 2 D0 3 ok

RFID R G478, RFID & 53 2 R USRS (K AR 4
i LB L E 12 18] 91 R A 7 5 B ) TE 5 T %)
T RO AL 28 RLRE B2 25 6 N B AR SE AR
SR I A DU SR T R = Al BB KR B2 AL
BT A D e B A TR AR
3.2 ZRERRINFIERERTER

S S B B il R G s RS RS R R 4
HRRL, NP 4 PR, B e B IS R G 2 IR R
AT RAR IR IA 2 B ) B S A B S 5 — 1Y
RGN R 51 A7 AR BRI 2 . B Tl i R GRS
BEURAE R, 5L A 3 AR G a2 RS A R e 2 o i
R Y= HER FiE A i R R R E
R AR GG B LR S, P 45 A 19 2 i R
GER AR, LA AR 1 S A = R dl K 5l
i i B RE I AR G R AU T B 2 aa AT, LAt o S
R S I A = R AT LA R S A B o i R s
Fris B Y sh A al AR 4 S i . I BOR T2 =
TR0 < LT A 7 i 1l 3 2R G A A T S R A
R SR B IR S R GRS AR
AGLIBATIRAS R i ) A A R e i A B A

SERHE SRR & REF BB MRS 2R SRR A

HAE R

T ER

HOHRIE
B IR B

B AL

A AT e
- [:> aﬁmgﬂ- -

t*
))) ‘l ((( ,))
HOE KA DA W

4 Jo B Siil b

C RN

R

iR EAEHIEL HIRTE 58 BB R FHS
AEESA I:> B FRILE
SFHEMTR S SRR

REVE Y HRFTI HIE R FIME

P4 S5 R BKSh i 4 ) [a] 20 A

Fig. 4 Real time information driven workshop synchronization modeling
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Fig.5 Evaluation method of workshop operation status
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Fig. 6 Product line reconfiguration based on digital twin

4 E=HISH
e b RBCT AR A I R AR AR A
P B AR T, FE S5 R PR A 7= A (e R AT T R TSR
TRAE R A 7 2 ) 3 T [ R A /N B S R
TTERIC 4 2O 55 387, Tl ad DU 2R A AT g A
‘L‘%I}LTI Bt =il AR HE R AL A R
11 A sl B R4 A s kA A sk R REA T
f@[?’%‘ﬁi%éﬁ*‘,%IATXﬂ‘FEnnulf*%iﬂi’Jﬂ

REHY 1y A TEAT 38 , A2 181 i 0 =X S, DA S TR A
J7 R BRI R A A S A R TIOR3l
RS TG, BRI T A MR BRI A PR
A RS ERE )] o HARSTCIUR S 7 R .

R G AT R LR B, ML A S A ] 4
i LA SEHE R A A = K A RE 120 h 4676 2 46
h, HRN & T S5 R R RR B TE 50% , 77— R3S B
B & H99. 5% 7 HERS B HLRERAE S5 345 52

,.,.{‘f".;;" "~

IR Lk

Bl7 By 2 i e e B 2
Fig7 Application case of digital twin

— 110 —

FHIM B T.Z  hitp://www.yhelgy.com 20214 #9H] [



AT N BT RI A 2 N4
5 #ig

TE ] A0 R e 7 it B ) 198 A K T A 75 5K 48
T BT AR R AR PR B AR A B 1 R S
B AR AR AR T TR 2R AR R AR A
B, 380 5 A Y RSN 5 AR R A R R S [P
AR RS TEAL 5 56 A48 A A 7 4 UL T A S
ARAGHEE T —FoH B B HE RGE . WAL TERT R 2577
Az SR A g E , T LATER

(DFEMTR SOl B b, DA 204 14, 4T
7 i A R AN A B, B AT LAk D AR S s o
R4S BRSCAS , S TH 77 R 538, o AT AR i k7
mm PERESRE T ;

() EETRCF 2 A HOR @ P S Ss T AR
FRER SB[ A [R] Y 5 Y A PR A AT D) g
PRGN AR YRR SN PE 4R F A
— R[]

(3) B T B 2R A 5 A P B T AR A R R
K7 AR o R A 4 R AR P s A TR AR WA e
1 8 A R 2L 01k , kS B /N R B o A b
R A B SAS BEAT: 55 S 4 T 8 o

S % STk

[1] TAO Fei, QI Qinglin. New IT driven service—oriented
smart manufacturing : framework and characteristics [J]. TEEE
Transactions on Systems Man & Cybernetics Systems , 2017, 49
(1):81-91.

[2] TUEGEL E J, INGRAFFEA A R, EASON T G, et al.
Re—engineering aircraft structural life prediction using a digital
twin[J]. International Journal of Aerospace Engineering, 2011,
DOI:10. 1155/2011 / 154798.

[3] TUEGEL E J.
challenges to realization [ C]//Proceedings of the 53rd ATAA/
ASME/ASCE/AHS/ASC  Structures, Structural Dynamics and
Materials Conference. Reston,Va,USA:ATAA,2012:1812.

[4] GLAEKSGEN E, STARGEL D.

The airframe digital twin: some

The digital twin

FHIMEIT.Z  hitp://www.yhelgy.com 20214F  #4F] |

paradigm for future NASA and US air force vehicles [C]//
Proceedings of the 53" Structures, Structural Dynamics and
Materials Conference. Reston,Va.,USA:AIAA,2012:1-14.

[5] SHAFTO M,CONROY M,DOYLE R, et al. Modeling,
simulation, information technology & processing roadmap [R].
Washington,D. C,USA:NASA,2012.

[6] WARWICK Graham. GE advances analytical
maintenance with digital twins [M]. Aviation Week & Space
Technology,2015:10-19.

(7] W, iy, FRVT g, 55 B2k Rl ———Fp ok
KA AT HEY ] TR LA i R 4, 2017,23(1)
1-9.

TAO Fei, ZHANG Meng, CHENG Jiangfeng, et al. Digital
twin workshop: a new paradigm for future workshop [J] .
Computer Integrated Manufacturing Systems,2017,23(1) :1-9.

(8] B &, XURFAR , XA A, 2 B 20 A ROH N IR R
L] ML L 8 22 48, 2018, 24(1) : 1-18.

TAO Fei, LIU Weiran , LIU Jianhua , et al. Digital twin
and its potential application exploration[J]. Computer Integrated
Manufacturing Systems,2018,24(1):1-18.

(9] FEAFIE, XIREHE , BRESE . 7= W BT 2R AR IR IR AR
Uit LI R R ] B AL U S R ST, 2017, 23
(4):753-768.

ZHUANG Cunbo, LIU Jianhua, XIONG Hui, et al.
Connotation, architecture and trends of product digital twin[J] .
Computer Integrated Manufacturing Systems, 2017, 23 (4) :
753-768.

[10] B &, SR B, WOPCARAE . B30 25 A A5 R A e 10
BEILT]. A HLE i 1 R 48, 2021,27(1) : 1-15.

TAO Fei, ZHANG He, QI Qinglin, et al. Theory of digital
twin modeling and its application [J] . Computer Integrated
Manufacturing Systems, 2021, 27(1):1-15.

[11] 90 BT, Gl B SRR Rel i B 2E 5 e
] UK S TR, 2015, 32(6) :577-582.

SUN Jing, LIU Jinshan, ZHAO Changxi. A retrospective
and prospective review of aerospace smart—-manufacturing [J].

Spacecraft Environment Engineering,2015, 32(6) :577-582.

— 111 —



