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Intelligent Design and Optimization System for Cleaning Device of
Rice and Wheat Combine Harvester

LI Qinglin SONG Yuying YAO Chengjian LI Wenbin YUE Yingchao
(College of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; Aiming at the problems of long development cycle and low design efficiency in the process of
agricultural machinery product design and development, an intelligent design and optimization system for
cleaning device of rice and wheat combine harvester was constructed. The system was composed of user
demand module, knowledge base and inference engine module, parametric modeling module and
intelligent optimization module, which can realize the design and optimization of cleaning device. Firstly,
the design knowledge base of cleaning device in SQL Server 2012 was established, and the inference
engine of cleaning device design was studied. According to the user’s design requirements, combined
with the established knowledge base and inference engine module of cleaning device design, the relevant
design knowledge in the knowledge base was called, and the reference method based on case and rule was
used for designing, so as to output the parameters of key parts of cleaning device. Secondly, NX was
redeveloped in Visual Studio programming software, which combined the two development languages,
C + + and KF (knowledge fusion). In this way, the parametric model library of cleaning device was
built, and then some key parts of cleaning device could be built rapidly in this library. Thirdly, the
orthogonal tests of the CFD — EDEM coupling simulation of the cleaning device were designed with the air
inlet velocity of the cleaning device, the inclination angle of the upper air guide plate, the inclination
angle of the lower air guide plate and the vibration screen frequency as optimization variables. The

cleaning impurity rate and loss rate in the test process were calculated to evaluate the cleaning effect.
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Finally, based on the simulation data, PSO —SVR algorithm was used to construct the regression model of

the optimization variables, the cleaning impurity rate and the cleaning loss rate. After that, the SPEA2

algorithm was used to realize the multi-objective optimization of the cleaning impurity rate and loss rate,

and to obtain a set of Pareto non-inferior solution. The results showed that when the wind speed at the air

inlet of the cleaning device was 6 m/s, the frequency of the vibrating screen was 4.5 Hz, the inclination

angle of the upper air guide plate was 32° and the inclination angle of the lower air guide plate was 18°,

the impurity content and loss rate of the corresponding cleaning device model were 1. 077% and 0.97% ,

respectively. As a reference, the model design parameters of key parts of the cleaning device can be

optimized, which provided an optimization scheme for the design process.

Key words: rice and wheat combine harvester; cleaning device; intelligent design and optimization

system ; parametric modeling; multi-objective optimization
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Fig. 1 Intelligent design and optimization system framework for cleaning device of rice and wheat combine harvester
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Fig.2  Structure diagram of cleaning device design
example of rice and wheat combine harvester
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Fig.3  Structure diagram of design rules for cleaning
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Fig.4 Reasoning process of cleaning device of

rice and wheat combine harvester
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system for cleaning device of rice and wheat combine harvester
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Fig. 12 Fitting effect of PSO — SVR regression model for impurity rate and loss rate of cleaning
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Tab.2 Pareto solution set of cleaning impurity rate

and loss rate

ARE JRaii SR FER .
FE R/ ks Rl s, o UK
_1 o o R/ % K/ %

(m-s™')  Hz  (°)  (°)

1 8.093 5.248 26.801 20.367 0.767 1.617
2 8.992 5.242  24.870 20.795 0.675 1.936
3 6.997 4.993  27.622 19.596 0.914 1.262
4 8.528 5.425 25.856 19.956 0.716 1.780
5 9. 000 6.562 25.886 19.849 0.647 2.226
6 8.756 5.516 25.856 20.834 0.687 1. 876
7 8.389 5.231 24.928 19.695 0.742 1.704
8 9. 000 5.981 25.953 20.372 0.653 2.049
9 9. 000 6.266 25.831 20.364 0. 649 2.119
10 6.022 4.865 29.842 17.728 1. 059 0.999
11 7.253 5.248 28.251 20.365 0.870 1.355
12 8.992 5.713 24.870 20.022 0.662 1.981
13 6.229 4.993 29.305 19.584 1.018 1. 065
14 8.017 5.202 26.806 19.555 0.780 1.585
15 7.569 4.928 27.957 18.604 0.846 1.426
16 7.388 5.155 28.247 20.405 0.855 1. 386
17 7.629 5.273  26.909 19.778 0.823 1.467
18 6.402 5.014 29.305 19.439 0.99%4 1.103
19 6. 000 4.547 31.608 17.645 1.077 0.970
20 9. 000 6.447 25.464 19.324 0.648 2.189
21 6.497 5.137 29.541 20.412 0.976 1.142
22 9. 000 6.643 25.763 19.555 0.646 2.261
23 7.075 5.333  29.783 20.460 0.89%4 1.307
24 8.453 5.310 25.838 20.038 0.727 1.741
25 6.817 4.865 29.857 20.411 0.941 1.202
26 6. 159 4.832 29.870 19.224 1.036 1.029
27 8. 630 5.444  26.218 20.815 0.702 1. 825
28 7.814 5.081 25.941 19.808 0.810 1. 509
29 7.901 5.275 26.353 19.555 0.792 1. 551
30 8.250 5.184 25.945 19.672 0.755 1. 660
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Tab.3 Corresponding relationship of optimization

variables and design parameters

55 EHK F BMEZRGUGRPE R AR RIS REHR 99
\ e s 105} 2
12 = JFIAMUE  MSE7.491x10 : ~e=FUARER  MSEH0.002735 4
Fi 22099779 £hcH , P
-o- g R=0. 1,00k —o- TIIAGE  R*=0.96138 ’
L1r ’
0.95}
& Lof g
P 5% 0.90F
K %
&1 09¢ 21 0.85F
ol 0.80}
0.75}
0.7+
[ R R S ; ; 0.7 , ‘
1 2 3 45 6 7 8 9 1011 12 13 1 2 3
FEARIT S FEARIT i‘ 3
(a) &3, 4 (b) & 243, M4
2.2 +le:ﬂf§&% MZSEﬂJZ.8224><10’J g —a— ELRE R MSE0.03396
2.1 =o= Tl & R=0.99792 o= FMEE  R*=0.96609 o
2.0 99 -~
1.9 -
1.8 200 &~
Mg % -
# #1181 L
= 16 o= ’
1.5 1.6F .
14 7
>
14t
1.3 B
142‘ 120 L |
2 3 45 6 7 8 9 1011 12 13 1 2 3
FEAT FARTS
(e) %2, LR (d) sk, MileE

[ XHEB B8
2 AL T KL PUBLEE S KL B 505
AU 191 £ G BB R

6 #it

()M T — R 2 BR A WAk LY k% 5 Ak
&ﬁ%%%%ﬁu%%Tﬁﬁ%F SR B T

BB B BT T ) G TR SR AT
SRR
WA 0%

TR R E
EOLAL A B T 48w A AL a1

(2) %54 C+ + K KF(FIRE G ) PR OIT & i



100 &l #Hl

Moo 2021 4

A NX AT O R, R TR A S O L T
PR B SRR R I 3 S0 R T e
KT 0 S BB T

(3) B IF AT 5 e B CFD — DEM 4 5 K
(9 1E 22 1, 5 T 07 JLAE R Kdls , >R AT PSO — SVR 5%
TER AR TS TR B OB T AR SRS N e e R
PR [ T RLAY i F SPEA2 Sk S0 B T %

AR MR R Z BRI, 4REW, S ki i
AN R g 6 m/s ik 3 i 4R Oy 4.5 Ha, |5 K
B ffy o 32° 8 S KRR M A O 18° I, X L ) 3 K
POE BRL e R G R ) O 1.077% A
0.97% o VAMAZ %, n] Ak 3 1 he B Ok 8 2 0 1F
BRI T 28, O e 2 Bk 5 AR BILY 0 2 Y i
AT %

(1]

[2]

[5]

(6]

[7]

[8]

[10]
(11]

& % x Wt

DR AR i B HE 2w R [ ] Rolk A% ,2020,10(8) =11 - 13,
ZHAO Qingliang. Influencing factors of agricultural machinery product quality [ J]. Agricultural Engineering, 2020,10(8); 11 -
13. (in Chinese)
M AR, BB, R AU RE A BT AR R R IR 5 R B[ J/OL] . Rl MLBE 3% 4 ,2019,50(9) .1 - 17.
DU Yuefeng, FU Shenghui, MAO Enrong, et al. Development status and prospect of intelligent design technology of agricultural
machinery [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019,50(9) : 1 = 17. http: // www. j-csam.
org/jesam/ch/reader/ view_abstract. aspx? file_no =20190901&flag = 1. DOI.10. 6041/j. issn. 1000-1298. 2019. 09. 001. (in
Chinese)
AR R RS BOR LR 3 & RE L B it R [ D] UL 7L 9Rk:,2019.
HUANG Yunlin. Study on intelligent design system for threshing device of rice wheat combine harvester [ D]. Zhenjiang:
Jiangsu University, 2019. (in Chinese)
FEE B, AU B AR TG WO LU O R R e N W [T ] R LA R ,2010,41(12) 162 - 66.
TANG Zhong, LI Yaoming, LI Hongchang, et al. Indoor eddy current test of air and screen cleaning device for combine
harvester [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,41(12) : 62 —66. (in Chinese)
PRUE WA REOR, B0 B, GF. 4LZ — 1. 0Q BYAE 22 kA AR AL B R W 28 # FIe 5 OE K [ T/0L ). Al BB 2 3, 2012,
43(10) :76 - 81.
ZHONG Ting, HU Zhichao, GU Fengwei, et al. Experiment and optimization of threshing and cleaning components of 4LZ —
1. 0Q rice wheat combine harvester [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2012,43(10)
76 —81. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20121014 &flag = 1. DOI; 10. 6041/j. issn.
1000-1298.2012.10.014. (in Chinese)
XU L, LI 'Y, CHAI X, et al. Numerical simulation of gas-solid two-phase flow to predict the cleaning performance of rice
combine harvesters[ J]. Biosystems Engineering, 2020, 190. 11 -24.
WROLTE AV AL A SIS ORI S B R A B RS R [ J/OL] . ROl ML 2= 41 ,2019,50(10) : 1 -~ 16.
XU Lizhang,LI Yang, LI Yaoming, et al. Research progress on cleaning technology and device of grain combine harvester[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(10) ;1 - 16. http: // www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1 &file_no =20191001 &journal_id = jesam. DOI:10. 6041/j. issn. 1000-1298.2019. 10. 001.
(in Chinese)
AR TR, SR, AL AR T CFD 1 U 0 e 4% B SR A6 [ I/0L ] R AU %4 4% , 2013 ,44 (35 7] 2) : 12 - 16.
LI Hua, ZHANG Meina, YIN Wenqing, et al. Optimization of airflow field on air-and-screen cleaning device based on CFD[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2013,44 ( Supp.2):12 - 16. http: / www. j-csam. org/
jesam/ch/reader/view_abstract. aspx? flag = 1&file _no = 20135203 &journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298.
2013.S2.003. (in Chinese)
TROLEE, TG, 2], 55, XU KUH 22 JXUE 0 KUL P 3 i 32 B (B0 [ 1/ OL ). ARl WA 2 41z ,2014 ,45(10) 78 — 86.
XU Lizhang, YU Lijuan, LI Yaoming, et al. Numerical simulation of internal flow field of centrifugal fan with double outlet and
multi-duct [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014 ,45(10) ; 78 - 86. http: // www. j-
csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1 &file_no =20141013 &journal _id = jesam. DOI;10. 6041/j. issn. 1000-
1298.2014.10.013. (in Chinese)
o E AR AUBAE B =TT B A ML BT T (M ] et v [ ARl B 27 BOR AL ,2007.
AL AL LR B S R B R HOr R R SE [ D ] MR B AR LAl R A% ,2019.
SU Hang. Study on parameter matching technology and method of threshing and cleaning device [ D]. Harbin: Northeast
Agricultural University, 2019. (in Chinese)
MR, HT UG % wh B bR R R @ ar (] 5 4 Bl ,2019,50(20) :126.
LIN Dongling. Establishment of cold stamping die standard parts library based on UG []].
2019,50(20) ; 126. (in Chinese)
BMYTEL R EAKOE, 5. JET GA — SVR ARERBERL i1 4 M I 5 128 R g Ui 7] MUkt ,2020,37(6) : 11 - 16.
TONG Zheming, ZHU Pengfei, TONG Shuiguang, et al. Optimization design of grain air screen cleaning system based on
GA — SVR agent model [ J]. Mechanical Design, 2020,37(6) : 11 —16. (in Chinese)
KO, VAR, T, PNRIALTE P R A T B AU S L5 [ )/ OL ] Rl AL 4R ,2016,47(7) :135 — 142.
TONG Shuiguang, SHEN Qiang, TANG Ning, et al. Numerical simulation and optimization test of mixed flow field in axial
flow cleaning device [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47(7) ; 135 - 142. htip:

South Agricultural Machinery,



%5 1) BEHM L REATE BRI 3 B R S I R MR 101

// www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20160719&flag = 1. DOI; 10. 6041/j. issn. 1000-1298.
2016.07.019. (in Chinese)

[15]  Z=dle. XU 200F e B ROH e 57 5E [ D], m L j st 4 0lk k%= ,2012.
LI Hua. Research on design theory and method of air and screen cleaning device [ D]. Nanjing: Nanjing Agricultural
University, 2012. (in Chinese)

[16] ZFfEgd. RRARAYURIE LSRRI EVLID]. ¥R« 5 g K 5% ,2020.

LI Dejian. Simulation research on cleaning process of large feed grain harvester [ D]. Ji'nan: Jinan University, 2020. (in

Chinese)
[17] AUt B 0], ok, 4. XU 20 8 ¢ & PR 3l i L ¥ Kz 3) CFD — DEM (A B4 [ J/0L ], 4k b ML A 2 4z , 2012,
43(2):79 - 84.

LI Hongchang, LI Yaoming, TANG Zhong, et al. CFD — DEM numerical simulation of material movement on vibrating screen
of air and screen cleaning device [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2012 ,43(2) : 79 -
84. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20120217&flag = 1. DOI; 10. 6041/j. issn. 1000-
1298.2012.02.017. (in Chinese)

(18] sk, £ET 304k m i B 38 i BRI [ D] R Kk, 2012,
ZHANG Chunyan. Cumulative sum control chart based on support vector data description [ D]. Tianjin: Tianjin University,
2012. (in Chinese)

[19]  JrsiwBi. SCiFm i HUBE e KOH R 20 A [ M. db st . b [ W J AL, 2007.

[20] AEARmH, PR E. JET PSO {1 SVR ZEURAL L FE 5T (1], RGN H 4R ,2006,18(9) 2442 - 2445,
XIONG Weili, XU Baoguo. Study on SVR parameter optimization method based on PSO [J]. Journal of System Simulation,
2006,18(9) : 2442 —2445. (in Chinese)

[21] #%E ETZHHGRREGREFHEENITAMSRBAERWID]. R3S T R 4%,2017.
SHU Zongyu. Global path planning for unmanned ship based on multi-objective hybrid particle swarm optimization [ D ].
Wuhan: Wuhan University of Technology, 2017. (in Chinese)

[22] FB4xte, 4008, 2 AR MEl M]. b at Bl i fidt, 2007.

[23] ZITZLER E, LAUMANNNS M, THIELE L. SPEA2: improving the strength Pareto evolutionary algorithm[ R]. Lausanne,
Switzerland: Swiss Federal Institute of Technology, 2001.

[24] DAS I, DENNIS J E. A closer look at drawbacks of minimizing weighted sums of objectives for Pareto set generation in
multicriteria optimization problems[ J]. Structural Optimization, 1997, 14(1) . 63 - 69.

[25] RER,T MR HE 5. Mo BOBOR BURL T 2B [T ] AR ALK 24 4z ,2010,41(8) :72 - 76.
WU Chongyou, DING Weimin, ZHANG Min, et al. Experiment on threshing and cleaning of rape by stage harvest [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2010,41(8); 72 =76. (in Chinese)

(E&g211 M)

[20] YU B, ZHAN P, LEI M, et al. Food quality monitoring system based on smart contracts and evaluation models[ J]. TEEE
Access, 2020, 8. 12479 - 12490.

[21] %5, F KR KRR REIRSRELT]. A7k ,2016,42(4) 481 —494.
YUAN Yong, WANG Feiyue. Blockchain; the state of the art and future trends[ J]. Acta Automatica Sinica, 2016, 42(4) .
481 —494. (in Chinese)

[22] POURNADER M, SHI Y, SEURING S, et al. Blockchain applications in supply chains, transport and logistics: a systematic
review of the literature[ J]. International Journal of Production Research, 2020, 58(7) : 2063 —2081.

[23] FOSSO W S, KALA K J R, EPIE B R, et al. Bitcoin, blockchain and fintech: a systematic review and case studies in the
supply chain[ J]. Production Planning & Control, 2020, 31(2 -3) . 115 - 142.

[24] Tz, TLWE. SM3 BBk [ T]. 45 B4 258 ,2016,2(11) ;983 -994.
WANG Xiaoyun, YU Hongbo. SM3 cryptographic hash algorithm[ J]. Journal of Information Security Research,2016,2(11)
983 -994. (in Chinese)

[25]  DIGERE, SKRAORE , S8 0p . T AES Bk SC U B i (1], W ¥ 53t T2 ,2009,17(3) :86 - 90.
BU Xiaoyan, ZHANG Genyao, GUO Xiechao. Encryption system about data based on AES algorithm[ J]. Electronic Design
Engineering ,2009,17(3) :86 —90. (in Chinese)

[26] SZABO N. Formalizing and securing relationships on public networks[ J]. First Monday, 1997, 2(9) :1 -21.

[27] BRGNS B8, 5Kk 48 , 5. DX HURE IR K HAZ O BOR[T]. TH 3L 2 41,2021 ,44 (1) -84 — 131.
CAI Xiaoqing, DENG Yao, ZHANG Liang, et al. The principle and core technology of blockchain[ J]. Chinese Journal of
Computers,2021,44(1) :84 —131. (in Chinese)

(28] i —3%, 00, 5k A W LARF IR AE & 29 A g A o I o 5 S gl [T ] SRR W K% %4k ( A A BF % 1) , 2020,
2020(5) : 21 -32.
GAO Yichen, ZHAO Bin, ZHANG Zhao. Research and implementation of a smart automatic contract generation method for
Ethereum[ J]. Journal of East China Normal University( Natural Science) , 2020, 2020(5) : 21 =32. (in Chinese)



