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Abstract: In response to challenges of insufficient information transmission and excessive iterative work in traditional
spacecraft development models, the manned lunar exploration spacecraft adopts model-based systems engineering
(MBSE) methodology. An extensible and configurable engineering-level digital thread is established through integration of
digital model systems and virtual-real data. Based on the meta-model template for manned spacecraft, a comprehensive
data view is constructed to form a complete and globally unique truth source for complex spacecraft. The truth source
reflects interrelationships among authoritative data, information, and knowledge within engineering development
systems, enabling capabilities to access, integrate and transform heterogeneous data into actionable information for
developers. The digital thread spans multiple disciplines including system architecture, mechanics and electronics,
and is preliminarily implemented across three development phases: requirement analysis, system design and product
design. Future extensions will cover the entire lifecycle including manufacturing, testing and operation/maintenance.
By transcending traditional isolated functional perspectives, the digital thread demonstrates significant advantages in
maintaining development information consistency, enabling automatic model transmission/transformation, optimizing
development processes and facilitating global impact analysis.
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Fig. 1  Three-tier system objects involved in spacecraft development
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Fig. 2 Digital thread management platform architecture
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3.4 FURICRE5HL Ik

T, W R R S H U S R A R
GREE R TV WLTC 2 P4 S ME— RS R S5 R, o)
fiff 25 RE X A ST ) T B A B RT ARRE RREER  R Af E
TN AR LN E R R B, NS T R
RIS N 1) R G 5y RGE AL & 5 RG4S
F SRR C R . IeJm TSGR BN IT L F
Bl ST G FR WU RO 2 RO FE L A SR
B IR B R G AR S BN, A E— R KT
(&1 9 H i K #ii2 i 2R A 1 49 05 IDS T 45 \EDS 1 4%
EBOM 5 55 S 5l X 2 A T 2R
3.5 LTRSS A RE W Tk

BT A8 bR S 800 4 Jm 38 B 5 1k £ 5 ST AR
I IEF AR S BRI A RO R, RO 5 428k
SR Ar L S 2R o A R R AR S B0 3 B 7 6 2
N BRERDGT R 25 3 A A= i o 45 B B 1 48 h5 5
Bk ka5 8, R &R e i3 B 48 bR o i o

R MBI R R R IRR S HCE W . ik
TET R A AF ) F v o 4 TROXE < 38 BR A A T R S
JZ o RGZMBAHLZ i S8R A LR RLUE 5
FEBRATAE T SRR BETHE DU, 10 2 20 UA7 1
BeHE

G, HE TR bR SR 42 R B W 5 IE A BGE AR
R B T REAM BT R P X & 2R ARG
PERETE SR A9 RE SC, i 1 1 25 32 75 1) 3R GE A A T A
PR E AR bR . SR, S AR b 8] B 4 20 i
KZ L AIRRRIRAEIR S RGN
W, J5 G BAVE AR bR i o B, AR
FIRFEIRAS T BOEUE , AR GEAG g ST 0, R4
b e T2 G s 1) T 23 ik 56 2RO TR B 1 P i
1o R FRAE B PRE U AR Z IR AR R 5 2R

PAFE 10 P B A B MDD AR bR 28 )
11, 46 b3 2 K08 997 15 HOR GE 200 21 B0 2R A,
OHELGNCor R GE L 7 RGEAE R bR o i



1756 TR

iz 546 &

-

T T = RN
- e — = ~
—
B
- - o7 s T T = —
- - s/ -~
e Vi /
ROHOREH RECIRRL RGEMASH
/ S e
[ / o] &n‘"fxr(‘) JEE% il ’H‘u‘(/xru

2 XFC ¢ LIS RYE (SFRYSFS: XFC_AAB)

K9 g5 BRI R 5 HE Uk

Fig.9 Aggregating and organizing business data methods

TEIENAIFEAR A < 2 T2 AR, /R TR AR I3 fift
O, IAEEE D TR AR IS 18 AR 2R RS bR R iE
FEATAR B F R B HEE PR . Hop,
PUZ 2 LIRS HE AL RN S, 58 8 s i
RAFE R IR PIFE S TG bR 19 2 800 i B
WA .

Pl ogge | b [ erm | e |

PR okl <1000
: dkti: 57 B ke W 999
: <2000 4 4 :
| UV GNCAP&RSE: iy, : - !
DO Vo éﬁ/igT ’ ;ng;H" RN & kit <1000}

| Whivkg L Wik, Hhikg i 999
: Fokfi: <s000 o2 i !
B 4999 (1L . L il - :
S ] Skf. ¢ I TioRfE: <2000
W 4992 K oo 37 Ehitke Wit 1999

VO BRONRSE: wib.

v /K 2999 . e :
' itk MAE . j‘fﬂ#: Wikfi: <1000}

2992 v kg PEVHIL: 999
: Tzkof(?o: L R TkdiL: <|nnn§

i L GNCORLE: i, PUEMW i 999
S VOTIERIMW 1999 L :
PR AR KA kit <1000
FoRAH: <5000 54y 1992 L YERMW i 009 L

BeHiL: 4999 B o : ;

WA 4992 i Rl H
P B i;;?{?ﬁ - i KA <2000

CUMW il 1909 |
VUPRMW 2999 : Wi :

200 Rk, diskfit: <1000
: Do IiEMW B 999

K10 ETS R RIEHZEH%

Fig. 10 Global traceability levels based on specifications
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