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Abstract
Under the background of intelligent manufacturing and Industry 4.0, digital twin technology has
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become a key path to improve the design efficiency of automated production lines and reduce trial-
and-error costs. Traditional serial design modes suffer from severe “information silos”, poor collab-
oration among multidisciplinary teams, and design errors that are often not discovered until the
physical prototype debugging stage. This leads to high project rework costs and significantly ex-
tended development cycles. To address these pain points, this study constructs a digital twin system
integrating mechanical modeling, multidisciplinary collaboration, physical simulation, and virtual
commissioning based on the NX MCD platform. By leveraging key technologies such as mechatronic
modeling, collaborative management, virtual-real mapping, and real-time communication, the sys-
tem realizes functions including virtual collision detection, production cycle time analysis, and con-
trol logic verification. It significantly shortens the project development cycle, optimizes the produc-
tion process, and lays a solid foundation for predictive maintenance, demonstrating considerable
engineering application value.
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Figure 1. Virtual and real joint debugging of the handling workstation
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Figure 2. Intelligent manufacturing production line communication structure diagram
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Figure 4. Base hinge pair setting interface

4. BERERIRERE

DOI: 10.12677/airr.2025.146143 1538 N TR S LA NBEA


https://doi.org/10.12677/airr.2025.146143

g 4

@ BATRAT A E
T SEBR NBUR SN, W BIBATIAT RSN 5 s, @i FRERIHEERET M, Kl
DA T A L B, 2 81 22 LA e DX sl AT B AR [ 5]

SIEMENS . 5 X

B ©

i ® /

A% nx * o i . MoM HER AN TOK EGNNC R EEE SHE AD BUNERE SHOCES  NASSE
=l - @R E - - - - - - - - i
=T Lt " it - &itini - mal - .
o nusns o L
oa ZF = u. s @
8 oasnanm =
L+ Teokl ® K ™
= 14 Tool2:12 » W (3
4 16 Tool2413 ® WK @&
& EHnen &
& S —— b %
= ~ BHEE =
# cmen 0 o, SEKEE :
© EmEnE
5
& o crmin i B
Dl o = 0
' =] L] E ]
1 -Eas *iE 40 mm= *
& Jet TR2GS A ERE
BEsEs - BHEE
=} - ]
@ - ¥
@ =8 "
v FENS
@ < TR (11) &
h v s RIle|-
EEEIR 2]
£ -
& E:
Fi1
e
» R
» R -
» itEe | == JNEE
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