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Abstract

The trial production stage of automotive research and development is a crucial link for the transformation of new vehicle models
from design to mass production. The quality and efficiency of this stage directly affect the product launch cycle and competitiveness.
During the trial production process, problems such as frequent design changes, process mismatch, poor consistency of components
and lagging supply chain response often occur, resulting in low assembly efficiency and large quality fluctuations. Based on the
multi-domain collaboration theory, this paper constructs a problem analysis framework from five dimensions: design, process,
manufacturing, quality, and supply chain. It utilizes multi-source data fusion and digital twin technology to achieve collaborative
diagnosis and closed-loop control. The research proposes a collaborative control platform integrating PLM and MES systems to
achieve dynamic monitoring and problem traceability from design to production. The results show that this method can significantly
improve the first-time pass rate of assembly and the efficiency of line passing.

Keywords
Automobile R&D Trial production has passed the production line. Multi-domain collaboration Digital twin Quality control

P AR B 2k (8] &5 STUE i B 3 i SR 77 R 3R
T
LRI TF R AR A FBOR UL R B, o
wm =

A SRR I £ B A AR R AR, R AR Y R ETAME LS. KL
MK RS, TERICA, R — S AR R G M, AR, SRR K, ATET S
BEMRRA, AT, TL. Bl RERRDHEAENERAANER, FIR S RIS 5 HOF T MR
PRIV 5 M ZRA 6, A PLM S MES 2 5 S S R F &, IR B 2 % 69 20 & g 15 PR . 45 R A
N, i ET RERI R R R SR B AR,

KA
AFRMA; KAEL; SHBWR; RFFAE; REEH

- 22 AT 230031

Tt WITE AT SR RIS TN RS
SRR RS AR AR S A SRR IR, HAR PRI (RS
IR, HIESMN L NI i, A ARSI TR
FEA, MR usih AT S hER,  DASCEH AR
HORTIBTIDS . KRR S PHERACE, $ETHIFA Y BEEE (A A
RS ERE

2 REFRIR I B BT 2 i A FHE S AU E

2.1 I HIT £k R A R G PR E
VT HI  46 ] R A SR ) AR SR ATHE & AR AIE
ARG Z BRI HI2Y, (RSl aE5 | Ak

18l5

TR R IR RS . b R A
T, R B R SRR AR A RT3 4
T, BRI B U= i R S s T IURRHY
BRI, FRAIUSTESEG . TR, Rirst
REfRABE DA, AT, SR FU T, HE. T2,
TR TR TR > S BB, B
BOTih . SEMbpReiml . T2 T3 . s R

A, XL AR

FAESEIARITRER . WEHRT SR T |

[EZENT AR (1980-) , 5B, PELZHBINA, SH
Tizhh, MSEEEHEREEENR.

4

BN BN, WIPAZTE USRS SE TR RE,
PN 2R NS BT ATE, RATERA



ARSI - $02% - F 094 - 20255 09 A

G FEH AR TIWEECMRE . MR AR %
RS BHIE, RN ERGTS fRRa 2 4R 8. I,
TR AR R T2 BN T T AR I 5558
T,
2.2 It TR R E S

BB B R R R TR ko B E IR H rh
I EAUMEAR | BOM A — SO B R IR S 0L,
EERRIR I B BT . B 2E RS | SRR
FEEAIREERL AR E W, PSS REEIEIATI RO
BE, TR BT BRI A, (H
SRR T SEMR IR R 2, SO TR
RO SR, MTISEMT 2R &
23N ES TZHIERTHHRERAE

T IR B R SRR 7 T . T2 SO B R B B 2 ]
S5 53 . BEA R R R R R N R, R
THERREIME T2, S SR 2 oA R A —E,
AN, APl IR SR I RIARERS, 1525
. BRGNS, mTIREIRIEE 2. SETLE R,
SRR AN L R I EHER

3 i3 %k (o) @ B & U T B 53 AT HE SR
31 @ ESEXSERS MEEIE

PREEMF LIRS Bery inl B 2B S R e 5 2 4
RENHIE, BT DI RIFERR A . A,
Pt “In)f—R R —Se . = 4R, RStk £
Aol Bl IRIRFIRI N EHRRE, AR5
AEHREEE, T2 MEL. FRTWE,. R LN
P AFE R AR, it E &l (Ishikawa Diagram )
5 FTA (Fault Tree Analysis ) J5{E0 & 25 R E AT &
Gy, TERCE L R@ RS, 454 Pareto 73 AT
=PRI A R, SRER, 2 60% Iyl Z&A]
FRAKTS TEEEAR—E, 25% KA T ZisH 2R,
15% JE TR ZE SEmE . BB EREEIE,
AR SEBIREN) A GRS e b, R AL 1A
HBUEFROE TE R ISRIRTE, i T MRS IS kA2
R PER,
3.2 ZFHIFEME SHIREIEHE

AIRRARGURE B HH SHIRIN S R, EEar T
PLM (j=ihatEay AIETE ) | MES (Fl&EHITARZ) 5
QMS (JITEETE AL ) MEFEIERMENLH]. A5t AP
BEOSBSFEEL T2k RIER SN FEREN A
FHCER, RIS R B ICHIEARTIX, T8 ot S BR
ESAFE (NLP) HoR, st Rl S A 7 e g AR i S
TEMIRES, et BRI RS, RR AR AT A
RPN G, DI RRR S0 A, m] Bl 2 40sn]
FETRESRIR T . AR AT i R S A I =k |

PSR 2B M b HE 5 %, DSt A RS S AT, s
TERT T IFEINSCR SE BB, Hifk. HlisS5
BIAPBMER—SIRIE E LB AR, 4R A i
PRERE TR
3.3 B TH= 25 4 19 B AIEHIE 5 T 43 4

EREIMTEL, 4SBT R S R L ERIIE,
PR T4 7284 ( Digital Twin ) FURE SCRE SR, 1271
AP CAD/CAE/BIM $43E AiZ0y, SRR T 225, &
M 15 S S HE AR SR, SIS SYERAERINEIE
Wi, 1B AR OHT (FEA) 524855 (MBD) (&,
TS e R AR A . R ST R, 45
Gl B, W TR R TR ZE A5 K>
SYHT, SCEM USRI [ PR MY, R
MHE L ZRIGIIETR 92%, AEARARBINEE L8 T X F 42
BRI . TREIM e S SRR S R [F2E A %
FIRTITME, SRS T2 ENRTEN, BEEIHA
IS GO IS I Sy & € 22253 NS V2 I S
LRSI T M IR IRA RIS . MERS T RIS
MEERREMLERTE
4 T2 RIBMEThE B R R
4.1 BEIhEVLE R

VRZERF A IR B B T 26 IR R LA R ) B TSR AIE
WA, T2, i, mENENEEL T, E—IREE
LA TR DU B S L. ik, RZEERZ LA
“WHE— T 2R sE” WA AR ORI E BRI
¥, IR, FEMACET. @i PLM A58 (725 Eday
R ) sSSP ES . BT A E RS A SR
MRS —, MRS B E B 5. bR,
FIREIEUAO A R, RIS A TAERE, R
F RACT #ERE ( SRERIHERE ) BRBRTTEA . BUTAL thE)
AKEREN, SR A IS 25 A ) e FEPATER
BER. ZHLEIA RS TS WaEser, il HiEt =
S SR> T RN B K A O, TR “TRIRI AR IR
IREEBEIHC . PITRRAEL” AOPDIRE AR S
2 i = SRR

REBT B SRR s R S LR R A RERN EEENR,
TRFEE A A G Zh S IR I SRt LA . eI
51 A MES 2%t (HlEHITRS) SPBMERSS, 2l
BEROIRA . THERE . M N BB R R ST R &
5 Bf&, i@l SPC (it el ) x gt T 2280k T
Hat s, EBIEEIES Cp. Cpk fEFROHTIIRERE AR L,
AGAER I 55 e sl AT B Sk 2 P H A B ) s B
EHE R r B A SRR . B A5
BHCENRAS, SSBIE T EARN A . Bl TREM ]
Beahmiite T 2 2Bt sIR, SCBRIEHEIE SHEE

5



