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Intelligent decision-making approach for remanufacturing process based
on explicit and implicit knowledge-augmented large language model

ZHANG Hai—yangl, YAN Wei'l, ZHANG Xu-mei', LIANG Xiao-lei', JIANG Zhi—gangz, CHAI Lin-

yao'

(1. School of Automobile and Traffic Engineering, Wuhan University of Science and Technology, Wuhan 430065,
China; 2. Hubei Key Laboratory of Mechanical Transmission and Manufacturing Engineering, Wuhan University of
Science and Technology, Wuhan 430081, China)

Abstract: To address the challenge of heavy reliance on manual effort in remanufacturing process decision-making due
to knowledge with heterogeneous forms and low reuse efficiency, an intelligent decision-making approach driven by
explicit and implicit knowledge-augmented large language model (LLM) is proposed. First, explicit and implicit
knowledge extraction methods are introduced based on vector embedding and parametric modeling of decision
objectives, respectively, constructing a remanufacturing process knowledge base comprising a process vector library
and a process function library. Second, a retrieval-augmented generation (RAG) strategy is proposed to drive the LLM
in extracting remanufacturing process knowledge from the process vector library, generating a set of feasible
remanufacturing process schemes. Then, a function-learning mechanism is established, allowing the LLM to invoke
formulas from the process function library to calculate decision objective values and determine the optimal
remanufacturing process scheme. Finally, the feasibility of the proposed approach is validated through a case study on
the remanufacturing of an automotive engine worm gear. The results show that the proposed approach not only
significantly reduces reliance on the experience of process engineers but also accurately generates remanufacturing
process schemes and facilitates decision-making, which greatly enhances the automation level and reliability of
remanufacturing process decision-making.

Keywords: explicit/implicit knowledge; retrieval-augmented generation; function-learning; remanufacturing
process decision-making; large language model

Wks B EA: 2025-08-04; R HHA: 2025-11-28.

EEWA: EXBEARFIEETH (52075396): sBEHE RS “T Y17 #idb4 AR 5 FH5UH (2023B0405).
EERE: THTF.

NE{Z 1 . E-mail: yanwei81@wust.edu.cn.


https://doi.org/10.13195/j.kzyjc.2025.0814
mailto:yanwei81@wust.edu.cn

2144 = % 5

xR E41%

0 B &

BB 1 AT 38 P T G A AR T T A
Jitat sl T2 e AL LI, HoKF
B T P R A AR R R A 3 el R
CLULVE T & M T2 AN, (H X B kiR A 2 I/
Ptk 250 A SRR, ML i 5 5 R, oKL
HIZ) T B ik kT,

SRR AT AR AR bR . T2 TS
AT 3B B LT SR 0 A IR S [ s AR, WO S
PHHR AR YRS, Bt LB R T X AR
J i R, RN T ZESHBNAS R 5 5%
TR 2 H bR AL SR S5 afk DAl B B gm D 1 2 56 %
Y B EEIR B m AR R 518 LA BL,
P SR 1 D K1 R A TR T TGV M BT B, 2 T
FHE T 2ARM s E . BT ooa a3t
JFRE TR, 40 He 2517 $2H0 7 3 F AR EHiE T2
SRR A 925, LS HBEMIALL 22 450 P &R S A Hu 250
PR T AHUIMESF AR AR 455 8 5 5 T 500000 i HE 2 7
2, UL SR R AR IR AR T 5 VLB RIS T 5
T A BHE R SR T2 AR EE (KG) M
7, W AR ERCE R S E A, 2T T IRERCE.
IR AR 2 AT T R L, X B R
MIRE 2 A R, BIENRER (= e N S
5 4 W0 ) HE 2 T 10 5 AR S/ bk S AR T, 2
xS T2 s v £ H R I fE e B A 2,
UEAh, BT R/ BRI R P i e, BRI T AA R KG
()75 1 IR HE SR 68 774 B HE DA SIS 300 8 60 R AR A R0
SE, R T E stk A s

K5 ARG A5 oK 14 EE e A iy B3 28
M H RS, A NE/MRMER RS ER X T2
RE Ve SR A i BB, s e Y Bl T
TR 5 1) B B0 R T B 10 B R 4, RR AR E A
FHAE BE B HE A NN T T2 75 %8 Hu 251 $2 1 7 —
M 2838 KG 5 LLM M 456 1 X ik 5 HL R B
TERERG, ST P e miR i s R E 585 4
2T Ky 7 —ANERC T E KG, A LLM M LA
FHOCIEIE T 25 B [ 2 ) . X L5 B R B, LLM
TE R AR RS B A 7 TH R H 528 7. 98
1M, BESRR A E 2R BR T AR R 5 W 2, 7E
W T 2T RV 2 B AR AL U ok 46 75 BERE i 5L
BT SRR AT S R CHE R 0 G B BA T, LLM T332 PR
FLREA ) “Z)0” 1) fR5 TH SAS AT SR, A DAB AL 5E
FRIR AT 55

NERE b IA ] B, B T AR IRZ K LLM 5 4h

T RAHSE &, DGR AR B A R R R G e ).
I Li 25 O LLM 4R T — Bl A EME 2R, e 4
T T T H R 23 i 1k 3¢ Khoee %517 LLM
AN T R, SEl 7 A RK LR E SR
FHOHR T AT 55, BB AR T 3R R A PSR I 3
FOHERA . X EERTF 78 e B 2 A 2 5 - SR B iR N
LLM HE 3 IR, 38 560 L 7E ) 3 400 1) ] 5 W SR
PR T EEEL

ST b, AR SCHR W — /BRI R 5 K B K
B (1 i 16138 T 203 BE YRS 7 2, A L T
2R RS T2 PR S T2 HRE, $E
LLM 5 T 28R P A8 B 735, SEOLF#iis T 2wk
SR e 2R RS 0k, X — 7 ik B A v R Al
CA I P& T2 AR TR, AR T R,
Sl T 2N ARG B AR B TR/,
i3 T 1) 32 7 R AL R .

1 E/REMEATRERIXS) LLM ST

Z R R PSR T IE LR

AR SCHTHE 570 32 B T /B AR R
G TR ERE. RAG 55 SR AR5
LLM ) il it T Z P SR pl, BEAR 7 VEAE S 1 1
7.

1) F2 T 32 /e S R e L) ) g 25 R
P g, 3t — PP SCA A R DV, I R ) AR
N E L V=L B N S ICTE= v e 115 957
BT BHARN T E R R E. 35 R B E 5
A3, I S B NG I A T AT B AR,
P T BRIk R IR 0 T2 R B, TR i T2
HTHPE.

2) RAG 5% 21 -& 3k 3) LLM ) i il i T
SRR e, MR AL T 1 R A L ARBLRE T 1)
A5 ZE AL R S T SR s DRI SR AR BT e 28 1 5 A
B, 4546 T 2N GU N 11 S Bk P a3 1) R, Jd
LLM 5 T2 W& A B, AT s T2 %
B HOUR, R ER B SIHLH, S5 TE N R E 3R
SHbRRARCEM, M LLM 5 T RBER |, it
SUANTR 7 SRSk B AR A, 20 TH & AT 7 R LE
A VHAAE, FB T 2N G e s F G T2 &
2 ETE/RMESRMBREHE T ZMR

FEH R

P A A R R a3 R A R L
TEHERTZESHE, FEUSCRTERGEAF. AR
FUHCHE 13 1) 38 F A b A (m W) B2 Rl 2R A



%84 KEF F R/TaM iR IR IR S KAE A GG B TR AR R R ok 2145
FIERPL &K T2 |y hpiumm Ay A
a W e L N e A
: | [BEER ] |5 L0
ElREEY P TR | | > A > T B M
pe L -
v v
| SETRAGH) B3 T2 77 2 1 e T B ST B 7 TS HLE |
| I
| W L i At
| A LY S EA T EE S8 | Vil
o L EE R | ' rEan WA B AMEFT B B B 2
! LN — lﬁﬁ)\ Z
: @ _MHELE o E%I'J . 4 fit gg U?L;f f'; '
! ‘?:I: ! » > |
S Q- =G
AN VTN A
TR O ITEY #E| | rzaer TP v 2 —
____________________ J L e e e D D
1 EaMMREEIEE) LLM MBFHIE T ZEsERR T AIESR
i HRAE (EMCEE) 7 Sl T 250
I E . B ik I
jui-id L1 e LU
ﬁiﬁﬁ‘i$£il
|= =TT T T T T |—— - ——————-— .
| y |
AR BASY oy | !
= e ’g—’eg o, Se Se Se
| B ES ‘ woemg | T e e S
| TE R AR T E e | o |
B2 BEiEIZEEENRRRE
(AIMA AT R EE55) X SCAR AT B 7 26, ok, b 2R U B A
A8 RS B 2R T8 SO AT SR AL B, il e === RS |
. N . - v 1 TZ1: HE%%\ WIFHI }}—193%15” @
Aab BRI BRALFEAE 5 S BT BRI 73 A SOR |20 gk wh ., |4 =] ! :
\ . . e I -
OB MRE S, A s empms Ty 1 XS [ sz | @
. ) o . o I_Ian: REFE BFIE] ... s A3 I b
FRRBSCA | B ARG, i SOA 2 BRI IR s i
W T ST BT AR A 2%, DA AR SR IUHC 4 1 0l e A T PRI ity
Pyl B Py PR
SEVE. R, AT BRI 1 SORYFH SRR 23 81 S0 A4 . as | g
‘ N ‘ - g fx oo TE2 S
45, SRR\, T 257 e SR g Ched IR
T & EE, HmfEwmE 2 frx. KRR T2 E s eSS

METBEMIRG T RENES, FfliETE
R H RN E RS TR AR SR ERR 4
T, Howh = 8 R RAE RS P XE L EL R RN T
SRR, AW T I SR BIAE K 2, 1Rk
MG R A 2R B2 v oA, BEim % T
SRR BEEOR, B 256 o> U A D9 7T AT B i
R, M SR Eh A T I L2 . B3 R T L

3 BHEIZRBENDERE
LA VTEI RERETH SN B, T3 T P s S h 5 &
KL, daae T E R B A e
BRI, RN R IE N

L

E.=Fv, —=. (1)
ay

H: EADIAIRERE (1), Fos ves apg ML, 735 81



2146 = % 5

xR E41%

Hl 71 (N)s VIHIERE (m/s). BRSSP (m/rad) DA K T
PEREE (m). R )R] AT H A5 2 1) O A QRS T 1
F7R.

#F1 YHlgeE BfMEHTENRITIIEARE

The process of generating objective values for energy consumption

Function cutting energy consumption formula

Inputs
cutting_force: float /Y1 J1(N)
cutting_speed: float /]34 5 (m/min)
workpiece_length: float // T4 £ (mm)
feed_rate: float /34 % (mm/rad)

End Inputs

NBHAEFIE

If cutting_force < 0 or cutting_speed < 0 or workpiece length <0 or
feed_rate <=0 Then

Output “Hii%: ZHRRENFE

Return null /& [B] 256
End If
EE DA SN
cutting_speed_mps = cutting_speed / 60.0 // Am/min#&# Aym/s
workpiece_length_m = workpiece_length / 1000.0 //mm#%#t ym
feed_rate_mpr = feed_rate / 1000.0 //Amm/rad’% # Aym/rad
I EYTHI RERE(EF G — B4 5 S50

cutting_energy consumption = cutting_force * cutting_speed mps *
workpiece_length_m / feed_rate_mpr

113 [E1 YT I REFE 44 IR
Return cutting_energy consumption //FA7: £ H ()

End Function
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