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Development of Advanced Design Technology and
Its Application in Agricultural Equipment
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Abstract; The competitiveness of modern equipment enterprises and their products largely depends on
whether they can provide products to meet the market demand at the fastest speed, that is, whether they
have advanced design methods to support the efficient research and development process. Aiming at the
problem in low integral level of agricultural machinery research and development in China, as well as
various types and significant regional differences result in a variety of professional knowledge, structural
forms, practical experience and so on, making it difficult for individual designers to fully grasp, unable to
guarantee the quality of research and development, and severely restricting the industrial development and
independent innovation ability, thus the development process of design methods was comprehensively
reviewed, the characteristics of times at each stage and the generation rules of advanced design methods
were analyzed, the advanced design methods and development direction suitable for agricultural
equipment was discussed, and the realization of the strategic goals set for agricultural equipment in major
national development plans such as “Made in China 2025” was supported. The research showed that the
trend of intelligent design based on digital technology was obvious, which represented the development
direction and the highest level of advanced design by combining the current technological level and social
background, making full use of the advantages of 3D — CAD virtual reality and the development results of
computer technology. Intelligent design was characterized by knowledge reuse, based on digital model
resource, carried by product data management ( PDM ) and product lifecycle management ( PLM )

platform, and organized and connected upstream and downstream design-related research links such as
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scheme reasoning, digital mockup (DMU) , computer aided engineering ( CAE) , computer aided process

planning ( CAPP) by the generalized computer aided design concept. In this way, intelligent design can

implement the high integration of CAX, which was the practical application of artificial intelligence ( Al)

in the field of design. The development ideas of current advanced design were clarified, basic theory and

system architecture for the establishment of equipment intelligent design system were provided, and it had

significant theoretical value and practical guiding significance for fully integrating industry resources,

highly sharing achievements and professional knowledge, greatly improving research and development

efficiency and level, and significantly enhancing the core competitiveness of Chinese equipment

enterprises and their products.

Key words: advanced design technology; agricultural equipment; digital design; resource reuse;

knowledge engineering; intelligent design
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Fig. 1 History of mechanical design
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Fig.3  Design reuse process
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matter-element factors

BAT B th F 2 FR R AR 32 K
B TR AR T 25 F B T i SR LB A R — 2R
JERALE 4 ZRERMB, A FRMTH B=(N,T,
S,H) Kk, HIEAR B ITE X8 ZF 1B e =
WVHHARERAN T RIS HICR KLY
WA AP LTy ) M L RRE 6 B3, LAY
JFHINTCAL R = (A,1LE,Y,D,V) Kk,

N AEAE BT S HL AT 32, R BE AR W) o MR i o0
LA SCH G 9 i, 5 i I R S ORS A S
9T S B RN 6 R £ UL 2 3K 9 o B g T 5
Pk o WEE T A B bR SR, 92 BTG AT ] — A

P A, T8 3 0o 2 TG A2 G A 5 19 2 A S 4R B, AL
AEH. B 258 B ALY 4 AR IR A L 2 % o0 R 1)
B, PR 5 OBCF R AL I IR AL, e B oA
BRI B S PR A T R AR
5.3.4  BETWpoThR iR Ay RO T

7 it 18 2 TG 2 ] 3 Ao R Y G B BT, 2B T
S i PERER) B R . R G, AR B A
i 5 A P B L TR A 40% |, 2K T T4 L T
i TAF B 20% Db B ik 0% N 4Lk
PE 5 AR RS AR 77 b BT e A gy B T 7 £
208 2 TG ) 300 A AR T A (8 v e 5 o AR
HAE Y E L, BA 5L B it (CAD) $k
PEIEAT I B T, 2 2R SE L P T sl s i S B
AP R I BAE R A IR AR AR AE A AL I, TE vk
I BE I OB I , A RE AR R % LR A B AR
RUM PR AL o B, B ST B 2% T CAD
A I R MR e B R R, DU Sy &2 e I A
Fity PR T i 401 2B T 4 Ik — b AT AT Y 5 1 R R A AR
o B AAMXT T8 Al 25 BE B AR P i ABLAC B R B
J7 9 A 2 T A A | 2 TG B A Al 8 A 0 A T 2k T
PESE T AT 1) Z MOE ST BT Al 36 & BT
T A0 I ) A Ak TR D B B o BUA M 400 I R S
i e 2 0 52 A % B A 1) 266 TC I R 20 A RE g, M
DAMERS 0 P i 8, S ECR G Re R L P
IR CE &

HAT, F0 0 =4 ot oy P st 72
T e e 1, SRR 365 =07 1 T & B v H AT Je
BRIE SIS, R RE AL R R IS A T R A S
SETRECH oo AR LA B RERE I R 48, L VB (Visual
Basic) N JF X 1& 5 , 45 &5 CATIA ( Computer aided
three-dimensional interactive application) F{ — ¥ JF
- VDN SR o ISy W ER SR 3 S
Br, IR 05 R BB B AL I A R, SR BES 1 3
SR AR LA AP 11 BTOR

BT AR L E B B BT IR R B e
SRR R TC 2 R A A S R DG PR AR A
WA RBCA R IR S A 2Ry o A< e Al i AL
R B AN DS 5 /N i B 3 T 95 A R
R, AL RN T8 B2 PRC T2 UK, 0 AN A U BN &
GelhAs ; 50 R L2 IRV J5 , 7E 5] 5348 e XSl 4 i
H AR E g A J2 O P A IR R AT 38 G T, — S i
SE R B S RAF, IE T LABEAT A B F 5 AF B, BA
o5 HEAT T — S AT, 2 58 R o
5.3.5 BTG A R IR 5K R

JIRE % (Knowledge graph) SUFR B2 MR K]
T, T L5155 A S AR R Sy 0 TR s AT A A B R T R



%73

XU ZH S STk BT HORTEAR M 2B 4 BF 5 P 89 B 20 13

| Vit e R AT I |

|k 4 s cinin |
S A
wnenen | [ e | A
wicmEg | | WERREK =3

IR R YRR |

IR R Uk

N N e e

B 28 i 5F 5 >

i FOL 2% 1 9 AR I
Virtual assembly process
Wes s, R R IR R RIS S RN — R
G R B EDE |, AT A0 Ak 7 R 5 H1R 58 R K
HAGAR 1540 i M AR B R iR ez
&) A4 AH BB &R .

’ 11
Fig. 11

A2 75 B B O B R A B R R RO R
PR HE PR A5 B AR B M 2R T R
P B 1 TR 55 28 2 n) A3 280 D e AL Bt v
AT RN AR R 3k 5 B 4 0k S B A A0 )
L, RE P BER REAR R VB REHEAE IR REAE B AE TN RE .

IO P R R B AE A J5 k  f ROl 2 A B
PO S LI 2 2 B A Bk R A5 50, R
JRVTE i) X6 G 119 7 Az OB 5 HE 2 5 BURR 25 4 10 TR
BRI R T I R SOA (R = AR S A
[Fi) 246 7R R 40 14 R A i B, 52 B0 22 0 S M AR Ml 2 A i3
PR G — 2R 3k, 1T SRR L S A
0 2ok R P 3 O TR AR 2 i T I A 9 B A
PR TRIDE 2, i I3 S ) R ) A AR 45 5 ) 4 B AL
AR A HR R B AR AT B R Y
LRI RS A8 AT R RO RS
HRE S EMNSEKA IR, D A T AR
HA R BB MRS (R &, WA 12 s .

FIVUIR 55 7R 2R T BT IR 2 8 BER FRR R 1
3 JRWEER , th b A BRI BT R BT M4
B47, G % MR BRI A AT s TR S e 55

L

ﬁj w1 i ¥ siliieeY i
S it || waE || owE || omee || pee
Bl e || mmr )| mnr J | ame )| aR
||

L
any Lran
AR HIR

T T

T !
|
MR | SRR [ | [mswes | e |
ﬁBf\» e
: SRS T WEBH i |
it > Ex ‘r | R
A 7 - B S R
N\ ‘
Fis [ I — FRH jﬁ
B8 il
W L_ ) SEZINET
T T T N
1 T 1
B ek || shes . i+ AR CAD |[CAPP[| CRM || PLM || CAM
a (| 2w || me (] 9F [ 20| o || || 2 || 2 || 2 || 5% || 5%
N PR TR RUCHER
B 12 Rl 3 28 fe A BT R A 55 1k &R

Fig. 12 Agricultural equipment intelligent design knowledge service system

6 ZHit5RE

i

(1) S BT 2 — A A 6k 9 HE &, R IR AR
HER ] 09 A5 L 1 T (R M O 2 o 3 1 B
BRI, — 2 I R 2 H AR SR, — RS
BB HRIE , —F Be— R AT BEE AAX S St
KR URA , AR B R AR Wik 45, 2
VT B0 5B 5 T 2 S B A e

6.1

(2)21 a8 Lok, LR LA B B3t 2 Ak )
AT SE HEBCTF R 5 05 12 O S A2 S AR
5 B HRC A O R B R R
A B REAL L B S Is T AR IE B

(3) B AEAL BETHARER T 254 AR Se ik B3t I
KB M RB AR KRB — € Br Boa 72 i
F8 B DA RS A0 9 90 T i R R S A TR ) 4
AFetb. BRIt e N D8 BErE it B,
PARERE S HE R 22 B e SR G P 5T 3t



14 & A Bl B ¥ i 2019 4
EO AR BRI IR A ALH SN S5 G R A SN A = R i (| SR S R A A ]
fix B, KB IR IR A ZEEREHE AR L E

P

(4) b % 4 B RE AL BT H R #E IR 1 4k T 38
HIF 5 092 B L 9 #8285 6 30 B A 250 552
PEIF AR M AR IR RS o A R REfL et 2
W5 Tk R BT IR = AL 2L 3 25 P [R5 A
HIE 2O AR A 21 P o | S ROHE Y 2 A A%
B AT T L 5 A5 2 BHE BOR LA R B 4 R

P S S22 TR 3 e AR LK) 5 TR B, i O
B AL BHIE e T | Al S5 A5G B0, LA B BIL A
T AR T8O B IR 5 15 S A R B & Se AT
G AA B2 B L o JE AT U A ol P4 ER A 3 %
BT BRI ATl AR

FEOr Rl A BURAE B AR M R K L 51 A =t
SR 5 £ U BT BOA , 588 A AR 3 e
PEACTBETT B IR A 200K 15 OR , 1 5% v B AR I 3 25 1t
KRR L PR 5 4 A 2 1 JRy T

Transactions of the Chinese Society for Agricultural Machinery, 2013, 44 (Supp.2) : 262 —267. http: //

Transactions of the CSAE, 2016, 32(2): 13 —=19. (in Chinese)
Equipment Manufacturing

Computer

A TR

6.2 REE
Hh ] B R R K A B e R S e R A R

2 £ x W

[1] F KRR A R R R MR N E [ EB/OL]. hitp: // www. gov. en/jrzg/2006 — 02/09/ content_183787. htm.

[2] - Be 56 T BN & b [ 5 2025) B3 %0 [ EB/OL]. http ; // www. gov. cn/zhengce/ content/2015 — 05/19/ content_9784. htm.

(3]  [EFHE 4K IH R 403 (2008—2020 48 ) 43¢ [ EB/OL]. http: // www. gov. cn/jrzg/2008 — 11/13/ content_1148414. htm.

(4] % B AR MU AL AR HL Tl I P & B8 2 UL [ EB/OL]. http: // www. gov. cn/zwgk/2010 — 07/09/ content_
1649568. htm.

(ST XUz, i m o, 20, 45 AR A 300 3D A S B BUF RIRBT T [T ] AR ALl K2 2# 412 ,2014,45(12) 105 ~ 111.
LIU Hongxin, ZHOU Xiangrong, LI Rong, et al. Parametric digital resources research on 3D model of compound seeding unit
[J]. Journal of Northeast Agricultural University, 2014, 45(12) . 105 —111. (iin Chinese)

[6] IRIGHE, BRAT, 2101l , 45 56T M 400 B 52 B0 106 5 e 3 LG 488 H D24 TC G B B0 R [ J/OL ] ROk HL K~ 4z , 2013 , 44 (3 1)
2):262 -267.

ZHU Zhongxiang, CHEN Li, LI Shanshan, et al. Critical techniques of virtual assembly for combine harvester chassis based on
virtual reality[ J/OL].
www. j-csam. org/ jesam/ ch/reader/view_abstract. aspx? file_no =2013s249&flag = 1. DOI; 10. 6041/j. issn. 1000-1298. 2013.
S2.049. (in Chinese)

[7] TOFAEL A,TIAN L, LIU H X. Spectral sensing for dry matter biomass estimation of energy crops[ C] // 2010 ASABE
Conference, Pittsburgh ,2010.

(8] XU, AR, BOEHF. 5T CATIA [ RTUAR RAUAA RouaHr S 45T T ] ZRAuAl R 222412 ,2012,43(11) : 116 - 121.
LIU Hongxin, SONG Weiwei, LIAN Guanghe. Finite element analysis and structural optimization of large agricultural machinery
frame based on CATIA[J]. Journal of Northeast Agricultural University, 2012, 43(11): 116 —=121. (in Chinese)

[9] LIUHX, GUOLF, FULL, et al. Study on multi-size seed-metering device for vertical plate soybean precision planter[ J].
International Journal of Agricultural & Biological Engineering, 2015,8(1) :1 - 8.

[10] 9805, R BAE  RIET, 46 RO R A i U0 R G G YL [T ] RO AL AA 412 ,2010,41(9) .70 - 74,127.

ZANG Yu, ZHU Zhongxiang, SONG Zhenghe, et al. Establishment of virtual experiment system platform for agricultural
equipment[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(9): 70 =74, 127. (in Chinese)

[1L] XM, dariol , 25 2 08, 55 TR AL SR A e 3 0 A B E R S AR R R [T ] AR LA 4R ,2015,31(17) « 42 - 49.

LIU Hongxin, MENG Yongchao, LI Yanlong, et al. Numerical simulation of dynamic and similarity model test of tank in
biogas fertilizer transport truck[J]. Transactions of the CSAE, 2015, 31(17): 42 =49. (in Chinese)
[12] XUZEHE AR ed , XI55 0 i U5 S0 S0A0 A7 S ik A R e A AR (T ] AR D222 4R ,2016,32(2) <13 ~ 19.
LIU Hongxin, XU Xiaomeng, LIU Junxiao, et al. Working characteristics of vertical shallow-basin type seed-metering device
based on high-speed photography and virtual simulation[ J].

[13]  EWHR, HBEE. =48 CAD SORTEHUME T iR RIBEFE [ T]. 2& 45 3 50K ,2014(6) :97 - 99.
CAO Lina, TIAN Xiaoxia. Application of 3D CAD technology in mechanical design [ J].
Technology, 2014(6) : 97 =99. (in Chinese)

[14] WANG H, ZENG Y, LI E, et al. “Seen Is Solution” a CAD/CAE integrated parallel reanalysis design system[]J].
Methods in Applied Mechanics and Engineering, 2016, 299 187 -214.

[15] XPEH. Z4eHU eIt [ M. bt B2 kL, 2018.

[16] LIU H X. Research of the primary agricultural mechanization in developing country [ J ]. Journal of Northeast Agricultural
University ,2009,16(4) .63 - 69.

[17] XK BT, Z8068E. JLAR TR [ M. b a0 AU ok i fig4t ,2010:10 - 15,

(18]  XUEHr. ZHEHUMEIT [ M. b5t HLAR Lk AL ,2015.

[19]

. B B Bt CAD BORFENUM BT Bl et b i BT [0 BRARHIE $oR 52 45,2017 (2) 182,84,



%73 XU ZH S STk BT HORTEAR M 2B 4 BF 5 P 89 B 20 15

ZHANG Wu. Application of computer aided design CAD technology in mechanical design and manufacture [ J]. Modern
Manufacturing Technology and Equipment, 2017(2); 82, 84. (in Chinese)

[20] FOUGERES A J, OSTROSI E. Intelligent agents for feature modelling in computer aided design[J]. Journal of Computational
Design and Engineering, 2018, 5(1) : 19 —40.

[21] CHANG Y S, CHEN M Y C, CHUANG M ], et al. Improving creative self-efficacy and performance through computer-aided
design application[ J]. Thinking Skills and Creativity, 2019, 31(3): 103 - 111.

[22] JHANJI Y. Computer-aided design—garment designing and patternmaking[ M ] // NAYAK R, PADHYE R. Automation in
garment manufacturing. Sawston, Cambridge : Woodhead Publishing, 2018 253 —290.

[23] HORVATH I, VROOM R W. Ubiquitous computer aided design: a broken promise or a Sleeping Beauty? [J]. Computer-
Aided Design, 2015, 59(2) : 161 - 175.

[24] QINY, LUW, QI'Y, etal. Status, comparison, and issues of computer-aided design model data exchange methods based on
standardized neutral files and web ontology language file[ J]. Journal of Computing and Information Science in Engineering,
2017, 17(1) :010801.

[25] PAN Z, WANG X, TENG R, et al. Computer-aided design-while-engineering technology in top-down modeling of mechanical
product[ J]. Computers in Industry, 2016, 75(1) . 151 —161.

[26]  XUsC. T B B Bt ZE A AU P B R LT ] A HLR,2016,59(2) 108 ~ 110.

[27] LINDSAY K, POPP MICHAEL, ASHWORTH A, et al. A decision-support system for analyzing tractor guidance technology
[J]. Computers and Electronics in Agriculture, 2018, 153(10) : 115 - 125.

(28] XM, Biff, 22 e, % KXBUE T 5 3) & B 15Kl R AT R W R SC AL S 8Ot e (1], Rk C 4= 4, 2017,
33(4):1-9.

LIU Hongxin, JIA Ru, LI Yanlong, et al. Parameters solving and optimization of long working stroke hydraulic support
mechanism using regional approximation and dynamic graphical solution[ J]. Transactions of the CSAE, 2017, 33(4):. 1 -9.
(in Chinese)

[29] ¥R JFSEHLUA B BORAEA UM s p LT ] bt ol ,2014,34(30) :240.

[30] ZENG Z, CHEN Y, ZHANG X. Modelling the interaction of a deep tillage tool with heterogeneous soil[ J]. Computers and
Electronics in Agriculture, 2017, 143, 130 - 138.

[31] XUEH, o500, 24 0, 45 VR 8 A BFR A LA 22 B UL B REWF ST [J/OL ] M HLB 24 ,2019,50(3) :58 - 68.
LIU Hongxin, SU Hang, LI Jinlong, et al. Interactive optimal design system of drum-type no-till planter mechanism[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2019, 50 (3): 58 —68. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? file_no =20190306&flag = 1. DOI: 10.6041/j. issn. 1000-1298. 2019.03.006. (in Chinese)

[32] YUAN]J, WU C, LI H, et al. Movement rules and screening characteristics of rice-threshed mixture separation through a
cylinder sieve[ J]. Computers and Electronics in Agriculture, 2018, 154 320 —329.

[33] TAN C L, VONDEREMBSE M A. Mediating effects of computer-aided design usage: from concurrent engineering to product
development performance[ J]. Journal of Operations Management, 2006, 24(5) : 494 - 510.

[34] HEINTZ J, BELAUD J P, PANDYA N, et al. Computer aided product design tool for sustainable product development[J].
Computers & Chemical Engineering, 2014, 71(4) . 362 - 376.

[35] T2, BRELTE. CHUML™ i = 4k g A0 AR ) R SR HERE 58 (1] MU Tl e 4k 5 i 4, 2009 (11) 230 - 32.

[36] PIDD M. Simulation software and model reuse: a polemic[ C] //Simulation Conference, San Diego,2002.

[37] PETTY M D, WEISEL E W. A formal basis for a theory of semantic composability[ C] // Proceedings of the Spring Simulation
Interoperability Workshop, Orlando,2003.

[38] R, skdef BT 5. [ AR R A Bk gRaR [T ). 5L 5 ,2008,25(8) :1 -5,13.

LIANG Yizhi, ZHANG Weishi, KANG Xiaoyu, et al. A survey of model reuse methods[J]. Computer Simulation, 2008,
25(8):1-5, 13. (in Chinese)

[39] BALCI O, ARTHUR J D, ORMSBY W F. Achieving reusability and composability with a simulation conceptual model[ J].
Journal of Simulation, 2011, 5(3); 157 —165.

[40] Z3rse, 209 B8, 5. O ARG AL o] 5 PRI AG [T ). S8 FE 5l 15 07 1, 2012,34(2) 192 - 96.

LI Wenhao, LI Mi, ZHAO Peng, et al. Reusability assessment of simulation conceptual model[ J]. Command Control &
Simulation, 2012, 34(2): 92 -96. (in Chinese)

[41] X085k FR, BEE . ERRSEM AR E R 1], P EFR F R R ,2018,48(7) 1743 - 766.

LIU Ying, ZHANG Lin, LAI Liyuanjun. Study on model reuse for complex system simulation [ J]. Scientia Sinica
( Informationis) , 2018, 48(7) . 743 —766. (in Chinese)

[42] ML, BXF5HE, 5KIT %, 5. BT = 4E /NP AR e g AR Bl CAD BB ARAE $2 U5 ¥R 4 7 i [ J/0L ] ROl HLAR 2% 4k , 2018,

49 (4 7)) :338 - 346,274.
LIU Honghao, ZHAO Xiuyan, ZHANG Kaixing, et al. Feature extraction and evaluation for agricultural CAD model based on
3D wavelet transformation[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49 ( Supp. ) : 338 -
346, 274. http: / www. j-csam. org/jesam/ch/reader/ view _abstract. aspx? file_no = 2018s045&flag = 1. DOI; 10. 6041/j.
issn. 1000-1298.2018. SO.045. (in Chinese)



16 o Bl cE 20109 4

[43] GULZ, JIE X J, HONG Q. Approach toward parametric design of typical parts and parts-library based on UG[J]. Applied
Mechanics and Materials, 2011, 84 - 85.8 —13.

[44] Thwte, B SURARHL B B U [T 7H 3PS i i &R 48 ,2014,20(2) 1250 - 258.

MA Songhua, TIAN Ling. Self-service parts library organized by domain ontology [ J]. Computer Integrated Manufacturing
Systems, 2014,20(2) ; 250 —258. (in Chinese)

[45] PAN Z, WANG X, TENG R, et al. A synchronous CAD/CAE modeling method and applications in parametric parts library
[J]. Open Mechanical Engineering Journal, 2015, 9(1) . 189 —195.

[46] i~y & HEBEOA, 5K 55, A% TH ) XAt B il A9 BT BT SCHE - B OT S LT ] LR Al 3 £ 458 ,2009,15(2) :258 —264.

WU Shoufei, PAN Xiaohong, ZHANG Yong, et al. Design reuse supporting platform for mass customization[ J]. Computer
Integrated Manufacturing Systems, 2009, 15(2) : 258 —264. (in Chinese)

[47] 2. Bt E AR LR LT ] R HLA B 1 R 48,2014 ,20(3) 1453 - 463.

LI Bo. Review on design reuse research[ J]. Computer Integrated Manufacturing Systems, 2014, 20 (3): 453 —463. (in
Chinese)

[48] DUFFY S M, DUFFY A H B. Sharing the learning activity using intelligent CAD[ J]. Artificial Intelligence for Engineering,
Design, Analysis and Manufacturing, 1996, 31(5) . 403 -436.

[49] BRIERE-COTE A, RIVEST L, DESROCHERS A. Adaptive generic product structure modelling for design reuse in engineer-
to-order products[ J]. Computers in Industry, 2010, 61(1): 53 - 65.

[50] XM, 5m A, 2221, 55 S T ARG AR i A7 S AL 2R 10 7T s SE (T ] b [ AR BLARSA i, 2010,8(4) 1400 —414.
LIU Xuemei, ZHANG Qicheng, LI Aiping, et al. Reusable design for crane bridges using modular templates[ J]. Chinese
Journal of Construction Machinery, 2010, 8(4): 409 —414. (in Chinese)

[51] MAHER M L, GARZA A D S. Case-based reasoning in design[ J]. IEEE Expert, 1995, 12(2): 34 - 41.

521 RIEN, R JE T B A9 AP B R A [T ]. B b5 R A iE i 4 ,2007,34(5) :66 — 69.
SONG Zhenghe, MAO Enrong. Human-machine interface design system based on CBR[J]. Tractor & Farm Transporter,
2007, 34(5): 66 —69. (in Chinese)

[53] CHEN X, GAO S, GUO S, et al. A flexible assembly retrieval approach for model reuse[ J]. Computer-Aided Design, 2012,
44(6) . 554 -574.

[54] JEONG K Y, WU L, HONG J D. IDEF method-based simulation model design and development[ J]. Journal of Industrial
Engineering and Management, 2009, 2(2) : 337 -359.

[55] RIED, 5B, G e, 55 JE i sUBORMUAAL 2 R PR BTt BT 6 [ 1/ OL ] R HLAR 41,2013 ,44 (1 7] 2) 268 - 272.
SONG Zhenghe, BI Shuqin, JIN Xiaoping, et al. Rapid design reasoning method for crawler harvester transmission system|[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013 ,44 ( Supp.2): 268 —272. http: // www. j-csam.
org/jesam/ ch/reader/ view_abstract. aspx? file_no =2013s250&flag = 1. DOI; 10. 6041/j. issn. 1000-1298. 2013. S2. 050. (in
Chinese)

[56] COSTA C A, LUCIANO M A, LIMA C P, et al. Assessment of a product range model concept to support design reuse using
rule based systems and case based reasoning[ J]. Advanced Engineering Informatics, 2012, 26(2) . 292 —305.

[57]  SRIF26, bUmsts, B0 554, 55 1 10 5 TH T A 19 =4 CAD BERUR SR MR R J7 15 [ J/OL ). RV LI 4 4 , 2017 ,48 (7 ) -

405 -412,375.
ZHANG Kaixing, HANG Shengyu, ZHAO Xiuyan, et al. Effective subpart retrieval method of 3D CAD models for design reuse
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (7): 405 - 412, 375. http: // www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20170752&flag = 1. DOI: 10. 6041/j. issn. 1000-1298. 2017. 07.
052. (in Chinese)

[58] SRIFX4, B, £ 4 R, 5. B T B0 Ao = 248 808 o B0 25 1 42 48 5 A0 UM 3 6 [ 1701 ] &l L 2% 4 , 2018,

49(3) :402 -410.
ZHANG Kaixing, HANG Shengyu, WANG Jinxing, et al. Typical structure mining in 3D model and similarity evaluation based
on simulated annealing algorithm [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49 (3) .
402 —410. http: / www. j-csam. org/jcsam/ch/reader/view _abstract. spx? file_no = 20180351 &flag = 1. DOI. 10. 6041/j.
issn. 1000-1298.2018.03.051. (in Chinese)

[59] KOREN Y, UISOY A. Reconfigurable manufacturing systems [ R ]. Ann Arbor: Engineering Research Center for
Reconfigurable Machining Systems Report No. 1, The University of Michigan, 1997.

[60] KOREN Y. Reconfigurable manufacturing systems[ J]. Journal of Manufacturing Systems, 1999, 29(4) . 130 — 141.

[61] ZoiE, BEAA, , B ed , 5. R H A il R[] P EHLM LFE,2000,11(3) :300 -303.

[62] SETCHI R M, LAGOS N. Reconfigurability and reconfigurable manufacturing systems: state-of-the-art review [ C] / IEEE
International Conference on Industrial Informatics, 2004.

[63] = rpl. 7 Wi vl B A4 BT BRI 5 J vk B AE R B 28 43 3 46 P WO B FE [ D ] UM - i T K 2%, 2009.

LI Zhongkai. Theories and methodologies for product family reconfigurable design and application in large scale air separation
systems[ D]. Hangzhou: Zhejiang University, 2009. (in Chinese)

[64]  WIGRE, 1P, 1 HE4E, 45 DU ™ SR w] B St IR 5 ik (T ] VP g 300 R4 444 ,2013,48 (1) 1116 - 121.



%73 XU ZH S STk BT HORTEAR M 2B 4 BF 5 P 89 B 20 17

HU Guangzhong, XIAO Shoune, XIAO Shide, et al. Fuzzy reconfigurable design principles and methods of complex
mechanical products[ J]. Journal of Southwest Jiaotong University, 2013, 48(1); 116 —121. (in Chinese)

[65] ¥, 255 WakA. BTl EH M B S TAURLT]. LB AR 22 4R ,2007 ,43(6) :216 - 219.

TIAN Bo, LIANG Xichang, PAN Jisheng. Automatic working machine tools of wheel rims based on reconfiguration[ J].
Chinese Journal of Mechanical Engineering, 2007, 43(6): 216 —219. (in Chinese)

[66] YASSINE A, JOGLEKAR N, BRAHA D, et al. Information hiding in product development; the design churn effect[]J].
Research in Engineering Design, 2003, 14(3) . 145 - 161.

[67] HEEAR, Mk, K%, 5. HT CBRNELR AR ALY AT E A3t [ T]. Rl ALK % 4R ,2006,37(6) :32 - 35.

JIANG Jiandong, YE Yongwei, ZHANG Xian, et al. Study on small agricultural machinery products reconfigurable design
based on CBR [J]. Transactions of the Chinese Society for Agricultural Machinery, 2006, 37(6) : 32 —=35. (in Chinese)

[68] YIGIT A S, ULSOY A G, ALLAHVERDI A. Optimizing modular product design for reconfigurable manufacturing[ J]. Journal
of Intelligent Manufacturing, 2002, 13(4) . 309 - 316.

[69] AGARD B, KUSIAK A. Data-mining-based methodology for the design of product families [ J]. International Journal of
Production Research, 2004, 42(15) . 2955 —-2969.

[70]  Z=Wyir, b RNE WM T, 55 SEABEE AL ™ O 32 8 B M I Sk Or 5 [T ] AL T 5 3 ,2016 (1) 241 - 244.
LI Panpan, CHEN Yanhui, HU Xuyu, et al. Research on optimized options algorithm method through reconstruct modular
product and improve reuse[ J]. Machinery Design & Manufacture, 2016 (11) : 241 —-244. (in Chinese)

(711 MikaR, e B2, 2. CAL SR Zh LB i CAD B M BT [J]. ML 5 4 75,2017 (6) 123 - 126.

YANG Xinlin, ZHANG Jianhui, TAN Ruoshi, et al. Research on CAD model reconstruction of mechanical products driven by
CAI[J]. Machinery Design & Manufacture, 2017(6) : 123 - 126. (in Chinese)

[72] KONOVALENKO I, LUDWIG A. Event processing in supply chain management—the status quo and research outlook[ J].
Computers in Industry, 2019, 105(2) : 229 —-249.

[73] DALLASEGA P, RAUCH E, LINDER C. Industry 4.0 as an enabler of proximity for construction supply chains: a systematic
literature review[ J]. Computers in Industry, 2018, 99(8) . 205 - 225.

[74] XIN Y, OJANEN V, HUISKONEN J. Knowledge management in product-service systems—a product lifecycle perspective[ J].
Procedia CIRP, 2018, 73 203 -209.

[75]  FERCR MR, &7 I8 bk 7= 2R fi el AR S A B[ M) JE T B2 i AL, 2004,

[76] %M. PLM th TAEHF =4 [F 3 iH & MR S5 D]. R AL h R K% ,2012.

HE Hualing. The research and development of 3D collaborative design management based on workgroup in PLM [ D]. Wuhan:
Huazhong University of Science and Technology, 2012. (in Chinese)

[77]  75%. B feseit S [ M. a0 AUA Tl . ,2009.

(78] XUAGHE P&, BRI, 45 =R AT RO IR S OCBERIR [ T ]. TSR LAR i 3 32458 ,2014,20(3 ) 2494 - 504.

LIU Jianhua, SUN Liansheng, ZHANG Xu, et al. Connotation and key problem of three-dimensional digital design and
manufacturing technology[ J]. Computer Integrated Manufacturing Systems, 2014, 20(3) : 494 —504. (in Chinese)

[79] MAROPOULOS P G, CEGLAREK D. Design verification and validation in product lifecycle[ J]. Cirp Annals-Manufacturing
Technology, 2010, 59(2) . 740 - 759.

[80] HARRIS S L, HARRIS D M. Digital design and computer architecture[ M ]. San Francisco; Morgan Kaufmann, 2016.

[81] CHENG Y D, LIU A G, CHEN G. Research on key data management technology in high energy physics grid[ J]. Application
Research of Computers, 2007, 24(10) : 20 -22.

[82] TAO F, ZHANG M, NEE A Y C. Digital Twin driven smart manufacturing[ M ]. Pittsburgh: Academic Press, 2019.

[83] BR&. B €. RO UM BT AR T E AR (M ] b gt Bl jid: ,2013.

[84] £,y ful, AR 55 . Th 1) 52 2% 7 i B B0 AU TS R G AR RES M [T ] HEDLAR Uk 3 &R 48,2013 ,19(11) 12757 - 2764.
CAI M, LU P, TAO L Y. Architecture of digital assembly system for complex product[ J]. Computer Integrated Manufacturing
Systems, 2013, 19(11): 2757 =2764. (in Chinese)

[85] VILLAGE J, SALUSTRI F A, NEUMANN W P. Using action research to develop human factors approaches to improve
assembly quality during early design and ramp-up of an assembly line[ J]. International Journal of Industrial Ergonomics,
2017, 61(9): 107 -119.

[86] TAZE R #7707 & AU AL DO B BOR [ M. JE 5t HUAR Tkt At ,2007.

[87] ABMANN G, STETTER R. Position evaluation in industrial product life-cycles[ J]. Procedia CIRP, 2017, 62, 553 —558.

[88]  JHJEAT. 7 B e BT ik Bt T 5 4 1) 98 s BRI LD ] AT < Wi K % ,2013.

ZHOU Sihang. Design, prediction and control of product assembly quality and its application [ D ]. Hangzhou: Zhejiang
University, 2013. (in Chinese)

[89] RIEL A, KREINER C, MACHER G, et al. Integrated design for tackling safety and security challenges of smart products and
digital manufacturing[ J]. CIRP Annals, 2017, 66(1): 177 —180.

[90] EZEKIEL J, LUTTGEN G, SIMINICEANU R. To parallelize or to optimize? [J]. Journal of Logic and Computation, 2011,
21(1): 85 -120.

[91] KUK JV, DAALHUIZEN J, CHRISTIAANS H. Drivers of usability in product design practice: induction of a framework



18 o Bl cE 20109 4
through a case study of three product development projects[ J]. Design Studies, 2019, 60(1): 139 —179.

[92]  RIEW, BRE, Ji — g T [ %) G i AL 2R 48 M 400 B S T A D7 6 A I (0] o B ROl DR 27 2 41,2005, 10 (5 ) =69 —
72.

SONG Zhenghe, MAO Enrong, ZHOU Yiming. Modeling method of virtual human-machine interface in mechanical system
based on object-oriented technology[ J]. Journal of China Agricultural University, 2005,10(5) : 69 —72. (in Chinese)

(93] XUZEB, AX%T  ARIGEH , 4. ¥R A8 73U SR — 07 78 P 9K sl R AL Bt [ ] R B AT 5 ,2016,38 (1) :76 - 80.
LIU Hongxin, ZHOU Xingyu, XU Xiaomeng, et al. Third-party applications driven series design for model of vertical shallow
basin type seed plate[ J]. Journal of Agricultural Mechanization Research, 2016, 38(1): 76 —=80. (in Chinese)

[94] XUEH, %8 E, EBF, % T 4 BB RE M EF LIS S 2 T8 R e [J/0L]. Rk ALK 2 i, 2019,

50(3):377 -387.
LIU Hongxin, AN Jingyu, WANG Dengyu, et al. Digital prototype motion mechanism interactive creation system based on
holographic model library[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(3) . 377 - 387.
http ; // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20190343&flag = 1. DOI; 10. 6041/j. issn. 1000-
1298.2019.03.043. (in Chinese)

[95] ZHOUJ, LIP G, ZHOU Y H, et al. Toward new-generation intelligent manufacturing[ J]. Engineering, 2018, 4(1): 11 -20.

[96] POKOJSKI J, OLEKSINSKI K, PRUSZYNSKI J. Knowledge based processes in the context of conceptual design[ J/OL].
Journal of Industrial Information Integration, [ 07 — 26 — 2018 ]. https: // www. sciencedirect. com/science/article/pii/
S2452414X17300754.

[97] LIU Q, XI]J. Case-based parametric design system for test turntable[ J]. Expert Systems with Applications, 2011, 38(6) :508 - 516.

(98] e, FhkIE, ELL 55 ST S8 SR BB E BB [T ] iH ML R Ge 0 T, 2012,21(7) £ 160 — 163.

YAO Chunge, SUN Yonghou, KUANG Bing, et al. Assembly variant design based in parameterization[ J]. Computer Systems
& Applications, 2012, 21(7): 160 —163. (in Chinese)

[99]  XUZEH ATEESR, 24T, 55 56T M0 4% 3 9 HL AR S HE AN 2% R 910 578 B8 BB [T ] AR ALl K 2% 25 4z, 2015,
46(11) .77 - 85.

LIU Hongxin, FU Lulu, ZHOU Xingyu, et al. Series and variation design of mechanical seed-metering device based on
conversion of rule[ J]. Journal of Northeast Agricultural University, 2015, 46(11): 77 —85. (in Chinese)

[100]  XUZHT AT o5 88 , BT, 55 R SRR F 2 4 1 B AR SR 28R 0 ik [ 1] Rl LA %41 ,2016,32(19) :43 - 50.

LIU Hongxin, FU Lulu, JTA Ru, et al. Partition method for module clustering of soybean seeding equipment pedigree[ J].
Transactions of the CSAE, 2016, 32(19) : 43 - 50. (in Chinese)

[101] X587, DU SR I , 55 0710 4 BRI R S8 BIAR RO LT [ 1/ OL]. el B 241 ,2018,49(9) 1414 - 426.

LIU Hongxin, JIA Ru, GUO Lifeng, et al. Hierarchy of holographic identification and technology of auxiliary identification
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(9): 414 - 426. http: // www. j-csam.
org/jecsam/ ch/reader/view_abstract. aspx? file_no =20180949&flag = 1. DOI.10.6041/j. issn. 1000-1298. 2018. 09. 049. (in
Chinese)

[102] WGk, 20w, K3, 4. B T 80k BB i B C 7 ZU LRI AT 7T [T ] MLAR A2 241, 2013 ,49(11) 177 - 184.

ZENG Bing, LI Mingfu, ZHANG Yi, et al. Research on assembly sequence planning based on firefly algorithm[ J]. Journal
of Mechanical Engineering, 2013, 49(11) . 177 - 184. (in Chinese)

[103] Fh& 4, BE I, 20, 55 JE T CATIA “UOJF R AR BB FL A [T ] UM BT 5 63 ,2012,28(5) :84 - 90.

LU Jieyan, ZHAO Gaohui, LI Xiang, et al. Automatic assembly technology based on secondary development with CATIA
[J]. Machinery Design & Manufacture, 2012, 28(5) : 84 —90. (in Chinese)

[104] HOLLENDER N, HOFMANN C, DENEKE M, et al. Integrating cognitive load theory and concepts of human-computer
interaction[ J]. Computers in Human Behavior, 2010, 26(6) : 1278 — 1288.

[105] X, BiAl 26T, 55 JET Y oehn il AL L AHUAHERD 25 A BC [T ] ARl T #2241z ,2016,32 (1) :38 - 45.
LIU Hongxin, JIA Ru, ZHOU Xingyu, et al. Virtual assembly of man-machine interactive mechanical seed-metering device
based on matter-element identification| J ]. Transactions of the CSAE, 2016, 32(1) : 38 —45. (in Chinese)

[106]  BRAT B/ Bk, BIEAS, 55 2 T RN A Bt iR w5 [ 1] A 3P ML L2 S5 31,2007 ,28 (1) < 158 -~ 161.

CHEN Yongfu, YANG Xiaoxian, HUANG Zhengdong, et al. Research on rule-based data collection [ J]. Computer
Engineering and Design, 2007,28 (1) : 158 = 161. (in Chinese)

[107]  Jisr,fEu e, B AL, e 35 F A9 ™= S Bt ad A SR R [ T]. 15 0L TR 5111 ,2012,33(8) :3176 - 3183.
WAN Li, HOU Tianyuan, XIONG Tifan. Knowledge modeling and retrieval for product-design knowledge reuse [ J].
Computer Engineering and Design, 2012, 33(8) . 3176 —3183. (in Chinese)

[108] #—ME, FJRE, Wis I, 5. FAREES) T i @ -0 b 2 L R G 0 & [T ], 33 MU B i3t 5 BB 2 2% di, 2014,

26(12) ;2258 —2266.

WEI Yixiong, WANG Qifu, HUANG Yunbao, et al. Research and development of modeling-analysis integration system based
on feature association[ J]. Journal of Computer-Aided Design & Computer Graphics, 2014, 26 (12): 2258 - 2266. (in
Chinese)



