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Knowledge-driven intelligent design method for die surface of
atuomotive cover panel

Li Xunwei, Wei Yang, Liu Yuqi, Zhang Zhibing
(State Key Laboratory of Material Processing and Die & Mould Technology, Huazhong University of Science and Technology,
Wuhan 430074, China)

Abstract; In order to solve the problem of heavy reliance on design experience and low reuse rate of enterprise data in the die surface de-
sign of automotive panel, a knowledge-driven intelligent design method for automotive panel die surface was proposed. Then, this method
extracted the knowledge in the die surface design process, an intelligent template library with a three-layer knowledge architecture of “ab-
stract templates, instance templates and partition templates” was formed, and the intelligent template matching was achieved by keyword
search and geometric similarity search to realize automatic accumulation and reuse of knowledge templates. Furthermore, this method sum-
marized the manual experience in the process of die surface design, the knowledge expressed in the form of rules and formulas was formed,
combining with the intelligent template to realize the automatic design of die surface, and the knowledge-driven intelligent die surface de-
sign system was developed by automotive panel die surface design system based on platform UG, which realized the automatic accumula-
tion and reuse of design knowledge and the automatic design of automotive panel die surface. The actual test results of automotive panel
model show that the proposed method effectively enhances the efficiency of the entire die surface design process.
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Fig. 1 Method of die face design driven by instance and rule fusion
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Fig. 2 Evaluation index of similarity
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Fig. 3 Design idea for intelligent template library



o

ZEMNERAE RIS 904 B i PR TR AL T ik

249

R, HAFRTR G AR — S AR AR - 53 XA AR 1 3
JEREREEH
2.2 I Z#mEaeiigit

T EANFEIEAE A T AR R I A4 0 i,
FERE T R SR B S IRER A A R, T A R
PRI BT E LN E, AUHLRBUE & &%
2 RTINE RO =il SN <57 I E b s i
ZAWA W, T AR 3T R0 E 24 LR L
R (1) PRIERGFAIBIEASTE 544 (2) b T ZE%b
ek RNy (3) XE LA R,

IDF R4 048 iU TR S50 26 10 T2 %b
Tk, S LR E 4 B, E
B 5 AR A SR IX R AR Y
U5 DX B ot A7 DX 55 ARk T A 4 1) Ak S fift X 4%
HETL2SHEM, IS4 T AR ER, kA

HMACE T BAR, T 24 sE i i el 5 o
AU, FEASE R AN, BT
G

At
FEAd 28
B

B

M M

LY LY R U1 L
EWORE AW KB
L2167 N4 S V|

K4 ESHRH LB

Fig. 4  Full parameter section curve template
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Fig. 6 Fender partition and section curve modeling
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(a) Constraint relation

(b) Calculation result



ZEMNERAE RIS 904 B i PR TR AL T ik 251

+
+ \ +

axagEc, ||

+

(@

S ARER

(W]

Ko fslarigk

(a) HWHmERZA C,

(b) ML Hg L

Fig. 9 Parting line construction

(a) Calculation of offset curve group C,

(4) FREEOPARER i 3 O3 X, T X B R
MR ALy IR SR AR 1 X ZR 2, AR 1w Bk
M0 575 30 iR 2 €, (B 9a) . BESRINZRAL C,
HH B A D B 2R M TR R (3) R RR Y
ML B TR Py AMU, AR T8N TR S i T
AR, SETHRPRIAI A XTI C, HITT A
AR It 2k TR A7 2o 9 3 4 LA e AR TR OG5 3 o3 Bk
(K9b),

(5) W@ T 24N . D-P Bk S SHURHA
BRI FRAE K2R P, T LR R i 5 4 J LA
FAIE, T HERCREAR T 2SI B, 768
£ P, WAL -, T 2B AN IR 73 2 56 1 I
e, MBI AR eI A AR R AR 7, kIR
IS SCA™ 20 B4 A1 B AR 2 — g A P A — 1 T 24D SE T
AR FR AT T 25N FE R A
2.2.2 FETEBIR T AN BEL BT 71k

R SCEA 4 TR REAL AR B 1 284 | 3 R AR
ot A, LA A R I A A S 2, 2
THEATCSE 2 T 52 61 1) T2 4b e e i it s
%

e S RS T B i By S A RS A A7 A TR
T OU AR AR S T AR H By, S i e 2
BB R SE BRI, I 1R 2 X PF 20 9 B0 IX
BN, AN [ B R B Gt — A7 A B A,
10 Fi7R o Ja St T B T DL LU (A X fiff 1 52
B, o al L LA 53 XA 3 flt a2 552 ) 46 Al ) 35
oy, XA 7 AR AR Y 68 A2
IR o o35 LASE ) J o3 X R B4, A ik &R T
SRR R P AL BE o R, 23 5 T AT S 91 S Al
5503 DXCRER R ARRLBE 2 % R DL BE B g | A ROKL

(b) Construction result of parting line

yA “: ‘1
S AR
1
" SR
SR
¥
s
SR
R 1t

P10 SRR S o DXAREAR B £ fifk

Fig. 10  Storage of instance templates and partition templates

JRE Bt P AR

T E AR IS0 b i, AT T 4N SE
MR ER Sl i 48 25 DL O 90 e iy 2 IREAT,
Barb T 2470k 3 Al BN S8, Ml R 2
ORISR, IX LE B T3 S A1 A AR 2 2K 1) A
XRS5 AR T AL bR R R IR B X Bl AEEA T
PR AR R Z R, 5 ORI AP 9 155 1] A A X A
PRI TR B 5 2 B o (9 A AR R BEAT AR 4, P
PEATREAR AR R R 4k 7K A4 g AR AR 5 e A A
XRS5 AT O A X R, R A T e R A i
Rk S 2k, $2 IR SO 41 A B 28 -1
S RS — B A T 2 FE TR B4 AR R AT T AN SRR A
i, BRI e T SE R, A SR BN B
RS SR S B o XA, [ SR R AR
SERCHIR A B H SR,

3 EBIBRET

TEPCE B A P FR IR BEAL BT R 48 IDF JEA |



252 ®OE #HOR

5 49 4

ET NX A, ik g R g8l iy B
B REAL BT Ok, MR LA T 17 i K i A
MO AT T R AR BT

Wt B TR R, s ) PR R OB D
XIPRF-TH 0 XOZ , A% A Sl 28 A DS B A4 4l
G, FF R A R AR B ph R TN TR
RN, TR BRI IE , R BHCR X
FRARBBAR T L, XML X0z, TR Hix
10 OP10 $7HE TFp . Eiz it R A 774 S
H, nE 1 P, Al VR B IE TP T b s Ak
Pl J5 e A

[METZ]
Process=Symmetrial
Mirror=Unmirrored
SymmetrialPlane=X0Z
RotationOrder=XYZ
OffsetDistance=0

[LF#ERI]
OP10=Draw;Infor

[ 7 ]
OP10=-420, 0, 830; 0, -9, 0

BT AR R A7 S

Fig. 11 Data store file of abstract template

FRA (-420, 0, 830), HEH: 45 k%E X
HIERE 00, 2% Y SERE-9° . L% Z HhER 0°,

FEMRTEEIEAT o R T2 T 2RI oh 7
) S AT, 2R BT 8 i A AR AT
REPE N, ELHEERRA FH I AR B

BTG HN A 34 pE R, anE 12 Fis,
AL A sl AR i ok T 2 B i T 2 A R T
BERISCRA, AR T AR AR I i g, AT
SO N Y MERE

ﬁ
ﬂ#—-——————_—___~Hhm5‘E““~m

P12 FROBHE TR B i 4 2R
Fig. 12 Knowledge-driven design result of binder surface

ETLEMN A sh A B4 S T 245,
K13 o, aTLUE A shiA a2 R

(b)

K13 T2 SEARRIR S B4 24
(a) TZAARI (b)) TR
Fig. 13 Knowledge-driven design result of process supplement
(b) Local of

(a) Overview of process supplement

process supplement

WAHL, T AN G, i R R S A R A
HESR, A 14 FraRii3ET FASTAMP /i CAE {5 E
SERATLUEH, 7= i X & 4 X, A5 A s ]
TR ER,

WRX
RS X
LERX
BIEARRX
A X
AKX

[ 14 F7IE T PP IR AR R IE

Fig. 14  Forming limit diagram of drawing process simulation

W 20 M 35 1 3T M % a5 MR AR T TR AE T
FRARIR BT ] S UG1L. 0 JEA=Th e shik it
Bffa], IDF RGE it af E ge it id st m LA s, an
F IR, SRR, FRIKEh AV 4 R
R BT R TE RO RCRE EWI R S T UGLL 0 J5
AREF ik S IDF RGBT L,



ZEMNERAE RIS 904 B i PR TR AL T ik

253

x1
Table

NIRRT A E 5 H M X2 B E ST EE (min)
1 Comparison of knowledge-driven design time with

other method design time (min)

paaninyli]
AR - -
Fahikit IDF &SIt HIRBK 5
BT 478 156 20
K w MR 130 40 8
4 HiE

BB AR I B A S 20k . SRk S
BIPERRS AL, BRI T AR BRSNS A TR
REAL BT Ik o K7 ik 8 2 VA B e PP i
REALICITRSE IDF b, SEBL T RRA SO, 42
o TR AR BT RCR, MR R A AEAL
BOTAAEEE L,

S 3k

(1]

FAR. REE SR eI kPR SR [D]. R
W AR RS, 2023.

Wang Z. Research and Application on Intelligent Design Method
for Die Face of Automobile Covering Panels [ D]. Wuhan: Hua-
zhong University of Science and Technology, 2023.

EAERLL FET UG MR B MR B AR AL BT R SR BIF 5T
[D]. MA/REE: TA/REEH TR, 2010.

Wang X G. Study on the Template Design System ofAutomobile
Panel Dies Based on UG [D]. Harbin: Harbin University of Sci-
ence and Technology, 2010.

R, A, B TR TR ERSGE [J]. 18R
HARY A3k, 2011 (1) 138-143.

Yuan G M, Li H Q, Fan B. Overview of the development of
knowledge engineering [J]. Computing Technology and Automa-
tion, 2011 (1) 138-143.

R TR I VR 8 5 1 ol F T 20 DR i G S AR
F¢ [D]. Kt KHEKE, 2004,

Chen J. Study on Key Techniques of Template Based Rapid De-
sign for Automobile Panel Stamping Process [D]. Tianjin: Tian-
jin University, 2004.

HRAEAR. TR AR I B TR AR B R B R B Y
[D]. M/REE: PRRERTRY:, 2015.

Zhang H W. Research on Knowledge Reasoning Technology of
Drawing Die Design for Auto Body [ D]. Harbin: Harbin Univer-
sity of Science and Technology, 2015.

INE, T REE BB HAE S IRE T [1]. #&
JEgeA SHERR, 2007 (1) : 83-86.

Sun Y, Wang Y L, Research on the design method of the automo-

(7]

(8]

[10]

(1]

[13]

[14]

bile panel die face [J]. China Metalforming Equipment & Manu-
facturing Technology, 2007 (1) . 83-86.
SR, MIER, kIR, & TR KRR EE R T
AR R BT BT [J]. BER Tk, 2023, 49
(5): 11-17.
Zhang M J, Liu Y Q, Zhang Z B, et al. Research on intelligent
modular design method for process supplement of body cover panel
based on feature partition [J]. Die & Mould Industry, 2023, 49
(5): 11-17.
WHRE, A, BT ST OURAEA CBR M2 BRI R
Jrek (V] R PLE MR & R %, 2017, 23 (7). 1377-
1385.
Wen J F, Guo W, Shao H Y. Case retrieve methodology based on
domain ontology and case-based resoning [J]. Computer Integrated
Manufacturing Systems, 2017, 23 (7). 1377-1385.
Wei X B, Yuan H, Wang H, et al. Intelligent design for automo-
tive interior trim structures based on knowledge rule-based reasoning
[J]. International Journal of Automotive Technology, 2020, 21.
1149-1167.
Huang L., Gong L, Chen Y T, et al. Trajectory similarity matching
and remaining useful life prediction based on dynamic time warping
[J]. 2022 (1):
5344461.
Whifeae, X RAE, SN I 0] 7 50 Bl 124 O AR DL BE A
[J]. #ERSHRE, 2017, 32 (1) 1-11.

Chen H'Y, Liu C H, Sun B. Survey on similarity measurement of

Mathematical Problems in Engineering,

time series data mining [ J]. Control and Decision, 2017, 32
(1): 1-11.

SR RFEE B ARE AR [J]. BEEOR, 2004 (5):
35-39.

Shi G. Design of automotive panel drawing parts [ J]. Die and
Mould Technology, 2004 (5). 35-39.

JEIER. SR ARHUBE T Y A R T E R A5 BT 15
[D]. BB RIK%E, 2015.

Zhou C. Research on Product Model Reuse Technology and Plat-
form Construction Supporting Rapid Design [ D]. Wuhan; Wu-
han University, 2015.

SRE L. BT CATIA °F 5 IR AR T SC I 45 M BT T 52
[D]. s AR, 2017.

Zhang Z X. Research of Die-face Related Structure Design Method
of Stable Template Based on CATIA [ D]. Wuhan; Huazhong
University of Science and Technology, 2017.

sefE, R, #h . Douglas-Peucker B 1) BiC ik K b
(1] BBUE TR 224 (SCE B2 TR , 2005 (5):
671-674.

Zhang S, Zhu C L, Zhong S M. Improvement and application of
douglas-peucker algorithm [ J]. Journal of Wuhan University of
Technology ( Transportation Science & Engineering) , 2005 (5):
671-674.



