AGRICULTURAL
ENGINEERING

AAAAAAAAAAAAA



No liability is assumed by the editorial staff for the content of scientific papers and opinions published
in this volume. They represent the author’s point of view



Managing Editorial Board - INMA Bucharest

Editor in Chief
Lucian-lonel CIOCA, Professor, PhD.Eng., "Lucian Blaga" University of Sibiu

Executive Editor
Lucretia POPA
PhD.Eng, SR |

Assistant Editor
Nicolae-Valentin VLADUT
PhD.Eng, SR |

Logistic support, database
Virgil MURARU
PhD.Eng, SR |

Mihai-Gabriel MATACHE
PhD.Eng, SR |

Scientific Secretary
Cardei Petre, math.

Official translator
RADU Daniela-Cristina, English

Editorial Board

QUENDLER Elisabeth — Austria, Vienna, Univ. of Natural
Resources & Applied Life Sciences;

Ir. HUYGHEBAERT Bruno — Belgia, Walloon Agricultural
Research Center CRA-W;

Van IMPE F.M. Jan — Belgia, KU Leuven University
FABBRO Dal Inacio Maria - Brazil, Campinas State
University;

ATANASOV Atanas - Bulgaria, "Angel Kanchev"
University of Rousse
MOLINOS-SENANTE Maria — Chile, Pontificia

Universidad Catdlica - Vicedecana, Escuela de Ingenieria UC
BILANDZIJA Nikola — Croatia, Zagreb University, Faculty
of Agriculture;

KOSUTIC Silvio — Croatia, Zagreb University, Faculty of
Agriculture;

KOVACEV Igor - Croatia, Zagreb University, Faculty of
Agriculture;

GONZALEZ Omar — Republic of Cuba, Central University
"Marta Abreu" de las Villas;

KATHIJOTES Nicholas — Cyprus, University of Nicosia;
HERAK David - Czech Republic, Czech University of
Agriculture Prague;

BORCHARD Nils — Finland, Natural Resources Institute
Finland (Luke);

SAUER Johannes — Germany,
Munich;

FENYVESI Léaszl6 — Hungary, Hungarian Institute of
Agricultural Engineering Godolo;

PEEYUSH Soni - India, Indian Institute of Technology,
Kharagpur;

MOHAMMADREZA Alizadenh — Iran, Department of
Agricultural Engineering, Rice Research Institute of Iran
(RRII);

De WRACHIEN Daniele - Italy, State University of Milan;
BIOCCA Marcello - Italy, Agricultural Research Council,
Agricultural Engineering Research Unit;

COLANTONI Andrea — Italy, University Viterbo;
SARAUSSKIS Egidijus — Lithuania, Vytautas Magnus
University, Faculty of Agricultural Engineering;
KRIAUCIUNIENE Zita - Lithuania, Vytautas Magnus
University;

DUKE Mike — New Zealand, University of Waikato, Faculty
of Science and Engineering;

EWEMOJE Temitayo Abayomy — Nigeria, University of
Ibadan, Faculty of Technology, Department of Agricultural
and Environmental Engineering;

SKIERUCHA Wojciech — Poland, Institute of Agro-physics
Polish Academy of Sciences, Lublin;

EKIELSKI Adam - Poland, Warsaw University of Life
Sciences;

KOT Sebastian - Poland, Czestochowa University of
Technology

Technical University

SAVIN Lazar— Serbia, University of Novi Sad, Faculty of
Agriculture, Department of Agricultural Engineering;
SIMIKIC Mirko— Serbia, University of Novi Sad, Faculty of
Agriculture, Department of Agricultural Engineering;
MARTINOV Milan - Serbia, Faculty of Agriculture, Department
of Agricultural Engineering,

TURAN Jan — Slovakia, Technical University Kosice, Dept
Elect & Multimedia Commun, Kosice;

MADYIRA M. Daniel - South Africa, University of
Johannesburg, Mechanical Engineering Science Department
COZ FERNANDEZ Alberto — Spain, University of Cantabria,
School of Nautical Studies, Department of Chemistry and
Process & Resource Engineering;

ERTEKIN Can - Turkey, Akdeniz University Antalia;

KABAS Onder —-Turkey, Antalia, Agricultural Scientific
Research Institute of Bati Akdeniz;,

SELVI Kemal Cagatay - Turkey, Samsun, University of Ondokuz
Mayis, Faculty of Agriculture, Department of Machines for
Agriculture;

OTLES Semih - Turkey, Ege University, Engineering Faculty,
Food Engineering Department;

MARUSCHAK Pavlo - Ukraine, Ternopil Ivan Pul'uj National
Technical University, Department of Technical Mechanics and
Agricultural Engineering;

BULGAKOV Volodymyr — Ukraine, National University of Life
and Environmental Sciences of Ukraine;

PARASCHIV Gigel - Romania, Politehnica University of
Bucharest;

VOICU Gheorghe - Romania, Politehnica University of
Bucharest;

BIRIS Sorin - Romania, Politehnica University of Bucharest;
MAICAN Edmond - Romania, Politehnica University of
Bucharest;

FILIP Nicolae - Romania, Technical University Cluj Napoca;
COZAR Onuc-Romania, ,,Babes-Bolyai” University of Cluj-
Napoca Romania, Faculty of Physics;

VLASE Sorin - Romania, “Transilvania” University of Brasov,
TENU loan - Romania, USAMYV lagi;

HERISANU Nicolae - Romania, Politehnica University of
Timisoara;

MARSAVINA Liviu - Romania, Politehnica University of
Timisoara

MARINCA Vasile - Romania, Politehnica University of
Timisoara

GERGEN losif - Romania, USAMVB Timisoara;

BORDEAN Despina-Maria - Romania, USAMVB Timisoara;,
BUNGESCU Sorin - Romania, USAMVB Timisoara;

RODINA Steliana — Romania, ICEADR, Bucharest;

VOICEA lulian - Romania, INMA Bucharest;

DEAK Gyorgy - Romania, INCDPM Bucharest;;

BELC Nastasia - Romania, IBA Bucharest;

BUTU Alina - Romania, INCDSB Bucharest;

PAUN Mihaela - Romania, INCDSB, Bucharest



Vol. 74, No. 3 / 2024 INMATEH - Agricultural Engineering

INMATEH - Agricultural Engineering journal is indexed in the next international databases:
ELSEVIER /SciVerse SCOPUS, CLARIVATE - WEB of SCIENCE- Emerging Sources Citation Index (ESCI),
ULRICHS Web: Global Serials Directory, CABI, SCIPIO, Index COPERNICUS International, EBSCO Publishing,
Elektronische Zeitschriftenbibliothek

INMATEH - Agricultural Engineering
vol. 75, no.1 /2025
e-ISSN: 2068-2239; p: ISSN: 2068-4215

https://inmateh.eu/ E-mail: inmatehjournal@gmail.com

Edited by: INMA Bucharest
Copyright: INMA Bucharest / Romania

National Institute for Research-Development of Machines and Installations
Designed for Agriculture and Food Industry - INMA Bucharest
6, lon lonescu de la Brad Bvd., sector 1, Bucharest, ROMANIA



http://www.info.sciverse.com/scopus
https://inmateh.eu/

Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

CONTENT

Page(s)

1. DESIGN AND OPTIMIZATION OF AIR-ASSISTED SPIRAL SEED-SUPPLY DEVICE FOR HIGH-
SPEED DENSE PLANTING MAIZE SEEDER /

FKEGE R TEAIRIE TP FEE i S
Wen-sheng SUNY, Shu-juan YI'Y, Hai-long QI?, Yi-fei LI%¥, Zhi-bo DAIY, Yu-peng ZHANG Y, 13
Jia-sha YUAN Y, Song WANG Y
DCollege of Engineering, Heilongjiang Bayi Agricultural University, Daging/P.R.China
2Heilongjiang Beidahuang Modern Agricultural Service Group Zhongrong Agricultural Machinery Co., Ltd, Harbin /
P.R.China; ®College of Engineering, Northeast Agricultural University, Harbin/P.R.China

2. | DESIGN AND EXPERIMENT OF GUIDANCE CAM OF AIR SUCTION GARLIC CLOVE DIRECTIONAL
METERING DEVICE | TRAAZE FIHFF#5-F /07 1) 8t 5% 26

Kungiao LI, Fuhai FANG, Zhuo WANG, Yongzheng ZHANG, Mingliang ZHANG
Shandong University of Technology, College of Agricultural Engineering and Food Science, ZiBo, China

3. RESEARCH ON THE OPTIMIZATION METHOD OF CLUTCH ENGAGEMENT TRAJECTORY IN THE
TRACTOR POWER SHIFT PROCESS /

B3] TG BRETL B A B B R L V2
Dongyang WANGY, Weipeng ZHANG?, Jiangtao JI¥, Zuohua DONG?, Hongmei ZHUY, Zhanyu LIV
YCollege of Automotive and Transportation Engineering, Shenzhen Polytechnic University, Shenzhen/China;
2 National Key Laboratory of Agricultural Equipment Technology, China Academy of
Agricultural Mechanization Science Group Co., Ltd, Beijing / China
3 College of Agricultural Equipment Engineering, Henan University of Science and Technology, Luoyang/China
4 Changzhou Dongfeng Agricultural Machinery Group Co. Ltd., Changzhou/China

35

4. DESIGN AND TEST OF A CLAMPING-SHEAR INTRA-ROW WEEDING DEVICE /
KRR ERE S5t -

Jiacheng ZHOU, Min FU*, Jianhao CHEN, Ji CUI
Northeast Forestry University, College of Mechanical and Electrical Engineering, Harbin / China

5. DETECTION OF ADULT PEACH FRUIT MOTH BASED ON IMPROVED YOLOv8m /
F T YOLOVEM HIEk > Bl 1 Jo A 77 7%

Lijun CHENG*Y, Yihe ZHANGY, Jianglin YANY, Zhengkun ZHAIY, Zhiguo ZHAO*?, LinQiang DENG" 57

Y College of Software, Shanxi Agricultural University, Taigu, Shanxi / China;

2 College of Software, Shanxi Agricultural University, Taigu, Shanxi / China

6. INNOVATIVE TECHNICAL SYSTEMS USED IN SERICULTURE — A REVIEW /
SISTEME TEHNICE INOVATIVE UTILIZATE IN SERICICULTURA - A REVIEW 67
Adriana MUSCALU*Y, Catilina TUDORAY, Cristian SORICAY

Y INMA Bucharest. / Romania

7. RESEARCH ON YOLOvV5-BASED VISUAL SLAM OPTIMISATION METHOD IN FARM DEPOT
ENVIRONMENT / K576/ 55 # 2T YOLOVS 9% SLAM (772577
Pengcheng LV 12, ZhenWei LI 2+) 83
1 shandong University of Technology, College of Agricultural Engineering and Food Science, ZiBo, China
2 Hezhou University, School of Artificial Intelligence, HeZhou, China

8. NUMERICAL SIMULATION AND PARAMETER OPTIMIZATION OF COMBINED CUTTING AND

CRUSHING FORAGE CRUSHER | fIt7EER 4 & o ERHPIEE M SS 1 95
Tao CHEN, Shu-juan YI?, Song WANG, Wen-sheng SUN
College of Engineering, Heilongjiang Bayi Agricultural University, Daqing/P. R. China

9. CALIBRATION OF DISCRETE ELEMENT SIMULATION PARAMETERS FOR BUCKWHEAT SEEDS /
FEFTF BRI RS R IE
Yulong CUI*?, Shaobo YE™?, Shuai FENG'?, Decong ZHENG®? 110
D College of Agricultural Engineering, Shanxi Agricultural University, Taigu, China;
2 Dryland Farm Machinery Key Technology and Equipment Key Laboratory of Shanxi Province, Taigu, China

10. SIMULATION AND TEST OF A NEW COAXIAL COUNTER-ROTATING AGITATOR /

IR HN RS %
Longlong REN %23, Yugiang L1 ?, Zhenxiang JING ¥, Yuepeng SONG *?¥), Jing GUO %23, Siwen SHEN ¥
D Shandong Agricultural University, College of Mechanical and Electrical Engineering/ China; 121
2 shandong Provincial Key Laboratory of Horticultural Machinery and Equipment/ China;
9 Shandong Provincial Engineering Laboratory of Agricultural Equipment Intelligence/ China;
4 Shandong Electric Power Higher Specialised College, Department of Power Engineering/ China

11. DESIGN AND EXPERIMENT OF AIR-SUCTION GARLIC SEEDING UNIT /

SR B AR SR 130

Minghao LUY, Yazi WANGY, Tao LIUY, Chunling ZHANG*Y, Ce LIUY, Gang ZHAQOY
D Anhui Agricultural University College of Technology / China




Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

Page(s)
12. A REVIEW OF THE FEED RATE DETECTION AND STABILITY CONTROL METHODS IN COMBINE
HARVESTERS /
BB WA BRI S BB 7 RTINS RIS 143

Xiaoyu YANG Y, Panpan LIV, Zhihao ZHAQY, Chaoxu LEI Y, Chenggian JIN *12
9School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo, Shandong / China
2 Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing, Jiangsu / China

13. PREDICTIVE MODELLING OF PH LEVELS FOR OPTIMIZING WATER QUALITY
IN SHRIMP FARMING / mmsmmm)mmmiwamsmmﬂgwuhmm-
ﬂNJWE)!WJJI]i&’ﬁWﬂﬂ1Wﬂﬁfﬂﬂﬂﬁﬁ]ﬂ&ﬂ7‘W1J7?1m7§m£l@iq73
Thanin MUANGPOOL 2, Sanya KUANKID *?, Boonthong WASURI *?, Ouychai INTHARASOMBAT 158
D Faculty of Science and Technology, Nakhon Pathom Rajabhat University, Nakhon Pathom / Thailand;
2 Creating Innovation for Sustainable Development Research Center, Nakhon Pathom Rajabhat University, Nakhon
Pathom / Thailand

14. ANALYSIS OF VIBRATION CHARACTERISTICS AND STRUCTURAL OPTIMIZATION OF THE
CHASSIS FRAME OF CRAWLER-TYPE COMBINE HARVESTER /
BB WA RIS EA T SR EAE 167
Zihao ZHAQOY, Chenggian JIN'?, Guangyue ZHANG?, Youliang NI?, Zhenjie QIAN?
1 School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo, Shandong / China
2 Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing, Jiangsu / China

15. DESIGN AND EXPERIMENTAL STUDY ON TWIN-SCREW STRAW PULPING MACHINE /

TEFETRSFHISHL 2015 008 178
Huiting CHENG, Nan ZHAO, Dezhi REN, Wei WANG, Yuanjuan GONG, Wanyuan HUANG
College of Engineering, Shenyang Agricultural University, Shenyang/ China

16. STRUCTURAL DESIGN AND SIMULATION ANALYSIS OF AIR-ABSORBING VEGETABLE
PRECISION SEEDER | Gz #5re BB FIHL 14211505 B 97

ChunYan ZHANG?!?, Xin HE?, XiaoYu WANG®?" YanJun LI*% 190
D Shandong Academy of Agricultural Machinery Sciences, Jinan/China;
2 Key Laboratory of Intelligent Agricultural Equipment in Hilly and Mountainous Areas of Shandong Province,
Jinan/China; ®School of Machinery and Automation, Weifang University, Weifang/China

17. STRUCTURE DESIGN AND LEVELLING CONTROL SYSTEM DEVELOPMENT
FOR SELF-PROPELLED SPRAYER BOOM /
E B Z DIV B R R S PR RAHAKR 200
Zhenyu ZHANGDY, Jiayu CAOY, Peijie GUOY, MiaoYun WANG?, Yu CHEN*Y
D College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, China;
2 College of Intelligent Manufacturing, Shaanxi Institute of Mechatronic Technology, Baoji, China

18.] ANALYSIS OF SOIL STRESS VARIATIONS DURING THE SEEDLING PLANTING PROCESS WITH
DIRECT INSERTION SEEDLING DEVICE | B ### B #8388 L P 1+ B 7 B2 R

Fandi ZENG?, Xinchao GAO®, Hongbin BAI?, Ji CUI?, Limin LIUY, Xuying LI?, Hongwei DIAOY 212
Y Shandong Agriculture and Engineering University, College of Mechanical and Electronic Engineering, Jinan, Ching;
2 Inner Mongolia Agricultural University, College of Mechanical and Electrical Engineering, Hohhot, China;
3) Hebei Petroleum University of Technology, Department of Mechanical Engineering, Chengde, China

19. OPTIMIZING WALNUT SHELL MECHANICAL PROPERTIES FOR EFFICIENT SHELL-CRACKING
USING HEAT TREATMENTS: A COMPARATIVE STUDY OF RADIO FREQUENCY AND HOT AIR
HEATING METHODS /

L BB AL B RE T 1B LI SEI RO 72 A BRI IHHINT H BT I 221
Yaohuo GAOY, Jundang LU? Xiaoxi KOU*Y
D College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi, China;
2- Shaanxi Agri-machinery Research Institute, Xianyang, Shaanxi, China

20.| EFFECTS OF MOISTURE CONTENT ON MECHANICAL CRUSHING PERFORMANCE OF SOYBEAN
SEEDS AND ITS APPLICATION IN MECHANIZED HARVESTING/
BIKER A G T ORI L B IR R DL WAL W I/ 231
Panpan LIV, Zheng LIU?, Jin WANG?, Lulu LVY, Angi JIANGY, Han YANY, Chenggian JIN*?
9 School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo, China;
2 Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing, China

21. OPTIMIZATION OF TECHNOLOGICAL PARAMETERS FOR FUEL ROLL PRODUCTION USING
AGRICULTURAL CROP STEM BIOMASS /
OINTUMI3ALJIA TEXHOJIONYHUX NMAPAMETPIB /151 BUPOBHULTBA INMAJIMBHUX PYJIOHIB 3
BUKOPUCTAHHSIM CTEJIEOBOI BIOMACH CllIbCbKOIrOCINOQAPCLKUX KYIIbTYP 243
Svitlana YAHELIUK*Y, Volodymyr DIDUKHY, Mikhalo FOMICHY, Olexandr YAHELIUK?
Tetyana KUZMINA?, Galina BOIKO?
D Lutsk National Technical University, Ukraine; 2 Kherson National Technical University, Ukraine




Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

Page(s)
22. DESIGN OF A WHEELED ADAPTIVE CHASSIS LEVELING SYSTEM FOR HILLY AND
MOUNTAINOUS AREAS /| 11X # 7 Hi& M4 1 F-F % it
Yugian ZHAOY, Wei LIUY, Shijun SONGY , Peng LIUY , Yihu WANG?Y , Guohai ZHANG 2% 253

Y Shandong University of Technology, Collage of Agricultural Engineering and Food Science, ZiBo, China
2 shandong University of Technology, Institute of Modern Agricultural Equipment, ZiBo, China

23. DESIGN AND EXPERIMENT OF SEGMENTABLE ADJUSTABLE THRESHING DEVICE FOR RICE

SEED BREEDING / #/ &/ K54 B Il Bl Fr5 B i SiH
Ranbing YANG?, Qi LIUY, Yiren QING*?, Zhiguo PANY, Guoying LI®, Shuai WANG?, Peiyu WANG?, Yalong SHUY 269
b College of Electrical and Mechanical Engineering, Qingdao Agricultural University, Qingdao / China
2 College of Mechanical and Electrical Engineering, Hainan University, Haikou / China
3 Qingdao Pulantech Machinery Technology Co., Ltd., Qingdao / China

24, NON-DESTRUCTIVE DETECTION OF MOLD IN MAIZE USING NEAR-INFRARED SPECTRAL

FINGERPRINTING / ZFU S B IER BRI BT AKFFHL T 178
Longbao LIUY, Qixing TANGY, Juan LIAOY, Lu LIUY, Yujun ZHANG?, Leizi JIAOY 283
DAnhui Agricultural University, Hefei, China; 2 Key Laboratory of Environmental Optics & Technology, Anhui Institute of
Optics and Fine Mechanics, Chinese Academy of Sciences, Hefei, China;
3Beijing Res Ctr Intelligent Equipment Agr, Beijing Academy of Agriculture and Forestry Sciences, Beijing, China

25. INVESTIGATION OF THE CONTROL SYSTEM FOR MAIZE SEEDER SOWING DEPTH BASED ON

SOIL MOISTURE CONTENT / EF LR EKEM) ZREHH A RITH R RRHIT5 300
Xianliang LIUY, Rui ZHANG™, Yubin ZHAIY, Wenjie LIV, Haozhe WEIY

YCollege of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao, China

26. DESIGN AND TESTING OF DUAL-STATION HIGH EFFICIENCY WHOLE TRAY
AIR-SUCTION SEEDING ASSEMBLY LINE FOR RICE SEEDLING CULTIVATION/

BH TRAKFIR LA, X ERIEF KL oS H
Junhui CHENG %234, Yaoming LI **?, Jin CHEN?, Fenglei LI?, Yanbin LIU*?, Kuizhou JI?,
Hanhao WANG?, Zhiwu YU?, Zhiyou PEi? 309
YKey Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsu University; Zhenjiang,
China; 2 School of Agricultural Engineering, Jiangsu University; Zhenjiang, China;
% School of Electrical and Photoelectronic Engineering, West Anhui University, Lu’an, China;
4 Anhui Undergrowth Crop Intelligent Equipment Engineering Research Center, West Anhui University, Lu'an, China;
% Changzhou Fenglei Precision Machinery Co., Ltd,Chang Zhou, China

27.| A LIGHTWEIGHT MILLET DOWNY MILDEW SPORE DETECTION METHOD BASED ON IMPROVED
YOLOVSS | ZF2# Yolov8s #JEZEEILE T H XTI %
Jianglin YANY; Zhengkun ZHAIY; Zhixiang FENG Y; Lijun CHENG*Y; Jie YANG*29 323
D College of Software, Shanxi Agricultural University, Shanxi / China;
2 College of Health Service and Management, Shanxi University of Traditional Chinese Medicine, Shanxi / China

28. WORKING MECHANISM ANALYSIS AND EXPERIMENTAL STUDY OF GRASS CRUSHER /
BB LIHEA BRI 234

Tao CHEN, Shu-juan YI”, Song WANG, Wen-sheng SUN
YCollege of Engineering, Heilongjiang Bayi Agricultural University, Daging/P.R.China

29. FARMLAND OBSTACLE RECOGNITION BASED ON IMPROVED FASTER R-CNN /
BT EASTER R-CNN fI4¢ HEEH 5

Xiangyu BAI*?, Kai ZHANG?, Ranbing YANG"?, Zhiguo PANY, Huan ZHANG?, Jian ZHANG™?, Xidong JING?,
Shiteng GUOY, Sen DUANY 346
Y College of Electrical and Mechanical Engineering, Qingdao Agricultural University, Qingdao / China

2 National Key Laboratory of Intelligent Agricultural Power Equipment, Henan / China

% College of Mechanical and Electrical Engineering, Hainan University, Haikou / China

30. WHEAT GRAIN APPEARANCE QUALITY DETECTION BASED ON IMPROVED YOLOv8n /
HTH 4 YOLOVEN 4/ XA U TR 356

Qingzhong KONG, Na MA"
College of Information Science and Engineering, Shanxi Agricultural University, Taigu/China

31. EVALUATION AND OPTIMIZATION OF AGRICULTURAL MANAGEMENT CLOUD PLATFORM
BASED ON AHP/FCE | EF AHP/FCE i B KW EE = FEIFN-SHE#
Jiyuan SUN", Bin QI *'?, Xiaoming Sun*'?, Yuangi LIU", Yuchao REN", Tengyun MA Y, Bohan ZHANG", Qiong Wu® | 366
D College of Agricultural Engineering and Food Science, Shandong University of Technology/ China;
2 School of Fine Arts and Design, Shandong University of Technology, Zibo / China; ® Zibo Normal College / China

32. DESIGN AND EXPERIMENT OF CLAMPING AND CONVEYING DEVICE FOR TRACKED SELF-
PROPELLED CHINESE CABBAGE HARVESTER | [E# &S A WY K i 555 B iS4

Shengbo GAOY?, Yanwei YUAN™?, Kang NIU*?, Bo ZHAO?, Liming ZHOU?, Chengxu LV*?, Shenghe BAI*?,

Shuaiyang ZHANG?, Ran AN? 376

D Chinese Academy of Agricultural Mechanization Sciences Group Co., Ltd., Beijing, China; ? State Key Laboratory of

Agricultural Equipment Technology, Beijing, China; ® Department of Electrical and Mechanical Engineering, College of
Engineering, China Agricultural University, Beijing, China




Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

Page(s)

33. HARDWARE-IN-THE-LOOP SIMULATION FOR DRIVE WHEEL SLIP CONTROL OF HIGH-POWER
TRACTOR FOR PLOUGHING OPERATION /
B F R (T ERIA S Ty L DI B EA ) 3R Fe R 390
Shuo ZHANG?, YanQing LUOY, Lei JIAY, JingMing WENY, HongLing JINY, Yu CHEN*?
College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, China

34.| GLOBAL PATH PLANNING OF FARMLAND PLOTS BASED ON IMPROVED WHALE OPTIMIZATION
ALGORITHM | ZEF IR L 1 B S B B 2 4

Shiteng GUO?3, Xueping ZHAO?, Jian ZHANG?, Zhi guo PAN™, Xiangyu BAIY, Zhuhe SHAQY,
Yao LIY, Zhen LIUY, Shuai WANGY 403
Y College of Electrical and Mechanical Engineering, Qingdao Agricultural University, Qingdao/ China
2 National Key Laboratory of intelligent agricultural power Equipment Luoyang/China
3 College of Mechanical and Electrical Engineering, Hainan University, Haikou/China

35. INNOVATIVE PYROLYSIS REACTOR DESIGN FOR ENHANCED PERFORMANCE AND
SUPERIOR BIOCHAR QUALITY / REACTOR INOVATOR DE PIROLIZA PENTRU O PERFORMAN]'[\
SI O CALITATE SUPERIOARA iIMBUNA TITA A BIOCHARULUI
Laurentiu-Constantin VLADUTOIU *?, Mario CRISTEA*?, Florin NENCIU 2, Valentin VLADUT ©, Mihai OLAN?, | 414
lulia GRIGORE 2, Cristian SORICA 2, Nicoleta VANGHELE *.?, Oana-Diana CRISTEA ?

UThe National Institute of Research-Development for Machines and Installations Designed for Agriculture and Food
Industry-INMA Bucharest / Romania; 2Politehnica University of Bucharest, Bucharest / Romania

36. DESIGN AND EXPERIMENT OF A MOREL PICKING MACHINE | F#4f B Hl &t 5iH%
Xiaohu BAI, Xiang ZOU, Zexu WANG, Guojing DU, Chuan LI, Chonghe GAO 423
College of Engineering, Shenyang Agricultural University, Shenyang/China

37. STATISTICS AND ANALYSIS OF PHYSICAL PARAMETERS OF ADZUKI BEAN SEEDS /
AP TFFHYESH G RABT
Guogiang DUN*Y, Luhan WANG?, Huiwen XUEY, Xinxin JI*?, Quanbao SHENG?, Xinming LI?, 433
Chaoxia ZHANGY, Yuhan WEI?
D Harbin Cambridge University, Intelligent Agricultural Machinery Equipment Engineering Laboratory,
Harbin / China; 2 Northeast Forestry University, College of Mechanical and Electrical Engineering, Harbin / China

38. RESEARCH ON DETECTION OF SPARTINA ALTERNIFLORA BASED

ON SA-YOLO | EF SA-YOLO ) E#KEIRFEZHFFE 447
Chunqging WANG, Shuqgi SHANG, Ruzheng WANG, Ziao YANG, Xiaoning HE, Dansong YUE
Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao, Shandong, China

39. DETECTION AND COUNTING OF GRAZING CATTLE FROM AERIAL IMAGES USING CNN/
CNN ALLUNITIAH AFAAPBIH 3YPIAAC B3J1Y23PUNH MAJIbII UITPYYIT9X, TOOJI0X
Hu GEJILETUY, Hishigdalai ULAANKHUU?, Bat-Erdene NYANDAG®¥ 459
13 Department of Computer Science, School of Applied Sciences, Mongolian University of Life Sciences, Ulaanbaatar,
Mongolia
2 School of Business, Mongolian University of the Humanities, Ulaanbaatar, Mongolia

40. RESEARCH ON GREENHOUSE PLANTING DENSITY OF LANDSCAPE FLOWERS IN COLD
REGIONS BASED ON CFD SIMULATION | EF CFD ##IF9ZESHIX R 7 7512 EFE B ETHE
Qibeier XIE, Jie REN Y,

D School of Architecture, Inner Mongolia University of Technology, Hohhot, China

469

41. STUDY ON THE OPERATING EFFECT OF STRAW CRUSHING AND SPREADING DEVICES ON
SINGLE AXIAL FLOW HARVESTERS /
EH TN DN TR BT I IR B T SR 1 & T 480
Jiang WANG?Y, Longjing LIV, Weiliang SHI?, Yougiang DING?"
Y College of Automotive Engineering, Zibo Vocational Institute, Zibo/China;
INanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing/China

42.| DETERMINATION OF PHYSICAL PARAMETERS OF PELLETED RICE SEEDS AND CALIBRATION
OF DISCRETE ELEMENT SIMULATION PARAMETERS /
ABHEKBGF 254 FYES RN ESBE Tl ESHEE 490
Qianshu MA, Tongjie LI, Donghan XU, Qingging WANG”
Anhui University of Science and Technology, Bengbu, China

43.| RESEARCH ON ENVIRONMENTAL MONITORING AND COMPREHENSIVE EVALUATION SYSTEM
OF PIG HOUSE BASED ON INTERNET OF THINGS TECHNOLOGY /
BT B9 & RN S L5 E VPN R T
Lihong RONGY, Junling FANY, Xiaolong GUO?, Zhimin TONG™, Wenlong XUY, Yuexin PANY, Shengzhang LI, 501
Weilong ZHANGY, Fang SUNY
D College of Electrical and Mechanical Engineering, Qingdao Agricultural University, Qingdao/ China
2 Shandong Hengji Agricultural and Animal Husbandry Machinery Co., Ltd., Weifang/ China




Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

Page(s)

44.| PRELIMINARY THERMODYNAMIC ASSESSEMENT OF A REFRIGERATION SYSTEM WITH A PCM
BASED DEFROSTING / EVALUAREA TERMODINAMICA PRELIMINARA A UNUI SISTEM
FRIGORIFIC CU DEGIVRARE PE BAZA DE PCM

Valentin APOSTOLY, Horatiu POP *, Tudor PRISECARUY, Claudia IONITAY, 515

Jamal AL DOURIY, Adrian CHIRIAC**?), Cornel Constantin PAVELY
Y Faculty of Mechanical Engineering and Mechatronics, National University of Science

and Technology POLITEHNICA Bucharest / Romania.
2 Academy of Romanian Scientists, lifov 3, 050044 Bucharest, Romania

45.| DESIGN AND EXPERIMENT OF A DOUBLE LONGITUDINAL AXIAL-FLOW CORN THRESHING
DEVICE FOR LARGE FEEDING CAPACITY /
AR BRHY 7 ARG F R E RStk
Mingrui LI ¥, Yanchun YAO2% Yongkang ZHU¥, Xibin LI*®, Dong YUED, Duanyang GENGY 527
D College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo, China;

2 Opening Fund of National Key Laboratory of Agricultural Equipment Technology, Beijing, China
% Institute of Modern Agricultural Equipment, Zibo, China

46. CFD-DEM BASED DESIGN OF ELBOW LIFTING PIPE CONVEYANCE UNDER NEGATIVE

PRESSURE AIRFLOW / 7 CFD-DEM #9#7/E5T T &L IEA B Xt

Lianglong ZHANG?Y, Yue SUNY, Fan Yang?, Yalin Sun¥, Fangyan Wang%?; Xin Wang?’ 539
b College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao / China.
2 College of Civil Engineering and Architecture, Qingdao Agricultural University, Qingdao / China.
3 Collaborative Innovation Center for Shandong s Main Crop Production Equipment and Mechanization, Qingdao / China

47. DESIGN AND TESTING OF SMALL ELECTRIC DOUBLE-ROW LEEK HARVESTER /
PEEZIRITIER WD 115 i %
Yuxin SHANY, Yinping ZHANG*Y, Hua ZHOUY, Jiasheng WANG?), Qun MA® 550
b College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo/China.
2 College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao/China.
3 Shandong Dayi General Purpose Machinery Limited Company, Linyi/China.

48. DESIGN AND SIMULATION ANALYSIS OF KEY COMPONENTS OF GRASS CRUSHER /

UEB YIRS 7 HA BT 560
Tao CHEN, Shu-juan YI”, Song WANG, Wen-sheng SUN
College of Engineering, Heilongjiang Bayi Agricultural University, Daqing/P.R.China

49.| DESIGN AND EXPERIMENTAL STUDY OF CLEANING DEVICE FOR WHEAT HARVESTER BASED

ON CFD-DEM / #7F CFD-DEM #) &R P Z W HBIELFEE 1) %115 iR
Ranbing YANG!?, Shuai WANGY, Zhiguo PAN™, Guoying LI?, Yalong SHUY,
Qi LIUY, Zhen LIUY, Yihui MIAOY 571
D College of Electrical and Mechanical Engineering, Qingdao Agricultural University, Qingdao/ China
2 College of Mechanical and Electrical Engineering, Hainan University, Haikou/ China
% Qingdao Pulantech Machinery Technology Co., Ltd., Qingdao/ China

50. MASS FLOW DETECTION TECHNOLOGY FOR SEED AND FERTILISER PARTICLES AND ITS
APPLICATION IN UAV-BASED SPREADING |/ 7B /7 & i B TR RE TN DL ABR A I fFEE

Yanshuang WANG23, Cancan SONG*23, Yongqi GAO»?¥, Yubin LAN*?% Guobin WANG %23, Rui MING?
" College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo / China;
2 Shandong University of Technology Sub-center of National Center for International Collaboration Research on 584
Precision Agricultural Aviation Pesticide Spraying Technology, Zibo / China;
% Research of Institute of Ecological Unmanned Farm, Shandong University of Technology, Zibo / China;
4 School of Computer and Big Data, Minjiang University, Fujian Provincial Key Laboratory of Information
Processing and Intelligent Control, Fuzhou / China

51. DEVELOPMENT AND TESTING OF AN INTELLIGENT TOBACCO LEAF HARVESTING ROBOT
BASED ON MACHINE VISION /| ZF#l Y5 HI 5 BEXH RPN FL S I 7

YuPei LIN*?, GuoYong YAN?Y, Tao WANG?, Tao BAI?, Si TANG®, JunJie CHEN*?, BaoLin ZHANG *
YSouthwest University, College of Artificial Intelligence, Chongging, China 600
2 National & Local Joint Engineering Research Center of Intelligent Transmission and Control Technology,
Chongging, China
¥ Quijing Tobacco Company of Yunnan Province, Yunnan, China

52.| OPTIMIZATION AND TESTING OF OPERATING PARAMETERS FOR THE AUTOMATIC SEEDLING
PICKING DEVICE OF TOMATO POT SEEDLING TRANSPLANTER/
B BE#Y] B3R R EEWNS S5 iHR
Fukang ZHOU'?, Mengqi ZHANG2, Weichen YAN'?, Shijun SONG*2, Yi NIU'2, Tao FAN®2, 610
Bolong WANG*?, Fangyuan LU*?, Guohai ZHANG?¥
Yshandong University of Technology, Collage of Agricultural Engineering and Food Science, ZiBo, China
2Shandong University of Technology, Institute of Modern Agricultural Equipment, ZiBo, China




Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

Page(s)
53. TOMATO MATURITY DETECTION BASED ON IMPROVED YOLOVS8N /
EFH#H YOLOVSN HY B HRE/A AR 619

JunMao LI, ZiLu HUANG, LingQi XIA, Hao SUN, HongBo WANG”
College of Mechanical and Electronic Engineering, Inner Mongolia Agricultural University, Hohhot / China

54.| SEMI-SUPERVISED WHEAT EAR DETECTION ALGORITHM BASED ON THE MODIFIED YOLOvS8 /

HF At YOLOVS JF M B BRI % 630

Yu ZHANG Y, Zhihui XU Y, Fuzhong LIY, Xiaoying ZHANG *Y, Xiao CU| *Y
D School of Software, Shanxi Agricultural University, Shanxi/China

55. NUMERICAL SIMULATION OF AIR COOLING PROCESSES IN A POULTRY HOUSE WITH A
TUNNEL-SIDE VENTILATION SYSTEM
Viktor TROKHANIAK?Y, Oleksandr SYNYAVSKIY?, Vadym TKACHUKY, Tormi LILLERAND?,
Oleksandr SKLIAR?, Yevhen IHNATIEV'23, Juri OLT? 640
YNational University of Life and Environmental Sciences of Ukraine, Ukraine
2Estonian University of Life Sciences, Institute of Technology, 56 Kreutzwaldi Str., Tartu, Estonia
®Dmytro Motornyi Tavria State Agrotechnological University, 66 Zhukovsky Str, Zaporizhzhia, Ukraine

56. EXPERIMENTAL INVESTIGATION ON THE SHEAR MECHANICAL PROPERTIES OF LICORICE
ROOT | B EREIL 7 F TR
Bintong ZHAOY, Zhu ZHAO?, Zhongnan WANG*?, Ping ZHAO* 648
Y College of Engineering, Shenyang Agricultural University, Shenyang / China
2) Liaoning Agricultural Technical College, Yingkou / China

57. OPTIMIZATION AND EXPERIMENT OF CONVEYING TURNOVER DEVICE BASED ON PEANUT
PLANT CHARACTERISTIC PARAMETERS | EFZ£EHIF MBS HIMEHEEEL U SHE

Jiajun LIUY, Chenglin JIANGY, Penghui MAOY, Kuoyu Wang?, Shugi SHANG?, Dongwei WANG?, Ning ZHANG*Y 658
D College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao / China
2 Yellow River Delta Intelligent Agricultural Machinery Equipment Industry Academy, Dongying / China

58. MULTIPLE PARAMETER OPTIMIZATION OF A LICORICE HARVESTER BASED ON ENSEMBLE
MACHINE LEARNING AND IMPROVED GENETIC ALGORITHM /
B FEERBL 257 RIHH B BT T BRI ZSH 669
Jinyu SONG, Yonglei LI¥, Xiaopei ZHENG, Lipengcheng WAN, Zongtian LIU
China Agricultural University, College of Engineering, Beijing / China

59. MILLET EAR DETECTION METHOD IN UAV IMAGES BASED ON IMPROVED YOLOX /
BETFHH# YOLOX HITA B EZL BRI %

Fuming MAY, Shaonian LI*Y, Juxia LI?, Yanwen LI?, Lei DUAN?, Linwei LI ?, Jing TAN Y, Yifan WANG ¥ 680

UCollege of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou, Gansu / China

2 College of Information Science and Engineering, Shanxi Agricultural University, Jinzhong, Shanxi/ China

60. OPTIMIZATION OF VIBRATION TRANSMISSION SYSTEM BASED ON IMPLICIT PARAMETRIC

MODELING OF SUGARCANE HARVESTER FRAME | H 7§18 2055t @B BT LIRS G th A 691
Biao ZHANG™, Weimin SHENY, Dan PANY
D College of Mechanical Engineering, Guangxi University, Nanning, China

61. A REVIEW OF INNOVATIVE DESIGN AND INTELLIGENT TECHNOLOGY APPLICATIONS
OF THRESHING DEVICES IN COMBINE HARVESTERS FOR STAPLE CROPS /

ERIEWBE S WD FT T B 119 6IFT 12 i1 5B BE L BEAR /B T 4ot
Fugiang GOU'23), Jin WANG™?, Youliang NI?, Zhenjie QIANY, Tengxiang YANGY, Chenggian JIN*14 706
9 Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing, Jiangsu / China
2 Wenshan Advanced Technical School, Wenshan, Yunnan / China
3 Graduate School of Chinese Academy of Agricultural Sciences, Beijing / China
4 School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo, Shandong / China

62. WHEAT IMPURITY DETECTION ALGORITHM BASED ON IMPROVED YOLO v8/

HEFHHYOLO V8 [ hER TR M 296
Liging ZHAO, Rui QIAN, Chuang LIU, Shuhao WANG, Junjie XIA
College of Electrical and Mechanical Engineering, Qingdao Agriculture University, Qingdao / China

63.| RESEARCH OF THE TECHNOLOGICAL PROCESS OF GRANULATION OF BULK AGRICULTURAL
MATERIALS / QOCHIOXXEHHA TEXHOJION4YHOI O NMPOLECY NPAHYJIFOBAHHA CUTIKUX
Cl/IbCbKOIrOCIriO4APCbKUX MATEPIAJIB
Volodymyr BULGAKOV?Y, Adolfs RUCINS*?, Yevhen IHNATIEV 34, Serhiy STEPANENKO 9,
Lucretia POPA®, Simone PASCUZZI 7, lvan HOLOVACH Y, Oleksandra TROKHANIAK
DNational University of Life and Environmental Sciences of Ukraine / Ukraine; ?Latvia University of Life Sciences and 737
Technologies / Latvia;  Estonian University of Life Sciences / Estonia;
4 Dmytro Motornyi Tavria State Agrotechnological University / Ukraine; ® Institute of Mechanics and Automation of
Agricultural Production of the National Academy of Agrarian Sciences of Ukraine;
9 National Institute of Research—Development for Machines and Installations Designed for Agriculture and Food
Industry—INMA, Bucharest / Romania; ” University of Bari Aldo Moro / Italy




Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

Page(s)

64. OPTIMIZATION OF PARTIAL HIGH-FREQUENCY QUENCHING TECHNIQUE PARAMETERS OF

ROTARY TILLING BLADES / JE## 7] /G 8B HEX T Z S8 # 751
Ruili WANG Y, Xueyin BAI Y, Fanbowen MENGY, Deshuai LI Y, Zhengging WANG Y, Ke JIANGY, Wei WANG*Y,
ICollege of Engineering, Shenyang Agricultural University, Shenyang, China

65. DESIGN AND EXPERIMENT OF GRAIN HARVESTER YIELD MONITORING SYSTEM BASED ON
MULTI-SENSOR FUSION | ZEFZ B8 & HI BN EI > B B ME R iS5 L5
Peng LIU %, Shijun SONG?, Wei LIU?, Yugian ZHAO?, Weichen YAN %, Guohai ZHANG 12) 763
Bshandong University of Technology, Collage of Agricultural Engineering and Food Science, ZiBo, China
2shandong University of Technology, Institute of Modern Agricultural Equipment, ZiBo, China

66. RESEARCH ON A RICE FIELD METHANE DETECTION SYSTEM USING HOLLOW-CORE
PHOTONIC CRYSTAL FIBRE BASED ON TDLAS TECHNIQUE /
HTFTDLAS BRI LM Tl A LR E A TR I FRIII 177

Bin Li* Y, Ruotong Liu®, Guangfei Shang?, Lihui Zhang?, Chenghao Han?, Yitong Huang?

9 School of Electrical & Computer Engineering, Jilin Jianzhu University, Changchun, China;
2 School of Emergency Science and Engineering, Jilin Jianzhu University, Changchun, China

67.| OPTIMIZATION OF DAMAGED CORN KERNEL RECOGNITION ALGORITHM BASED ON A DUAL-

LIGHT SYSTEM | EFIRERZHIHITEAK AR FIEELE
Yuchao REN", Bin QI *?, Xiaoming SUN*"?, Jiyuan SUN", Tengyun MA", Yuangi LIU", Bohan ZHANG", Qiong WU? 787
1 College of Agricultural Engineering and Food Science, Shandong University of Technology/ China;
2 School of Fine Arts and Design, Shandong University of Technology, Zibo City, China.
3 Zibo Normal College/ China

68. SEMI-PHYSICAL SIMULATION RESEARCH ON THE CONTROL SYSTEM OF COMBINE
HARVESTER CUTTING TABLE / ZEB WU IBLE & 127 F G HIF S 07 BT
Yihu WANG?Y: Guohai ZHANG?¥; Xipeng QIANY; Qian DONGY 797
9 Shandong University of Technology, Zibo, China;
2 |nstitute of Modern Agricultural Equipment, Shandong University of Technology, Zibo, China

69.| DESIGN AND PERFORMANCE EXPERIMENTS OF THRESHING AND SEPARATING DEVICE FOR

HEAD-FEEDING COMBINE HARVESTER | £BAB S I#IPLE L7 B E i1 SHERE % 809
Liguan TIANY), Zhan SUY, Zhao DINGY,
% Corresponding author. Intelligent Manufacturing College, Jinhua University of Vocational Technology.

70.| RESEARCH ON HYDRAULIC DRIVE CHASSIS OF TOBACCO HARVESTER IN SOUTHERN HILLY
AREA | #151 B 77 [ BEHL X HAG I SR B2 e B 5 e 4 B 7

Ting GUOY, Dandan ZHANG?, Shuo LIN®, Tao ZHANG®, Mingduan LU*
D Hunan Tobacco Company Chenzhou Branch, Chenzhou, China; 2 Guangdong Tobacco Company Shaoguan 819
Branch, Shaoguan, China; ® Anhui Tobacco Company Wannan Branch, Wannan, China
4 Hunan Tobacco Company Changde Branch, Changde, China
9 College of Engineering and Technology, Southwest University, Chongging, China

71. DESIGN AND EXPERIMENTATION OF ROOT-CUTTING DEVICE FOR HEAD-FORMING
VEGETABLES | £Z£fB 5 IR EE i 5%

Yanjun LI *?, Jianfei ZHANG**¥, Fuxiang XIE*?, Yongtao YU? 831
DKey Laboratory of Modern Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Nanjing/China;
2 School of Machinery and Automation, Weifang University, Weifang/China;
® Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing/China

72.| DESIGN OF SEMI-PHYSICAL SIMULATION PLATFORM FOR GRAIN CLEANING AND REGULATING
SYSTEM | B IHIE R A F LB & Bt
Xipeng QIANY, Yihu WANGY, Guohai ZHANG!? 841
Yshandong University of Technology, Collage of Agricultural Engineering and Food Science, ZiBo, China
2shandong University of Technology, Institute of Modern Agricultural Equipment, ZiBo, China

73. DESIGN OF AND EXPERIMENTS WITH A CORN INTERPLANT WEEDING MACHINE BASED ON

VISUAL RECOGNITION | ZEFEWHREESS B iR G Efg 1B L vt 5%
JingWen ZHANG??, QiangJi PENG3®**, JianMing KANG*%, ZhiFeng DI*¥, ShaoWei WANG3*,
YingKai CHEN®*%, YuLong CHENY2¥ 852
D School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo, China
2 |nstitute of Modern Agricultural Equipment, Shandong University of Technology, Zibo/China
3 Shandong Academy of Agriculture Machinery Sciences, Jinan, China
4 Huang Huai Hai Laboratory of Modern Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Jinan/China

74. DESIGN AND TESTING OF SPIRAL CUTTER TOOTH TYPE FARMLAND STONE PICKER/
JRIETT L 7 A 1 B BT B i1

Jia ZHANG?, Heng QU 2, Ping XIAO Y, Shaoteng MA 12, Weisong ZHAQ3*¥
DSchool of Mechanical and Electrical Engineering, Xinjiang Institute of Engineering, Urumgji, Xinjiang/China 865
2 School of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgi, Xinjiang/China
3 Western Agricultural Research Center, Chinese Academy of Agricultural Sciences, Changji, Xinjiang/ China
4 Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing/China




Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

Page(s)
75. CALIBRATION AND OPTIMIZATION OF DISCRETE ELEMENT PARAMETERS FOR COTTON
STALK-RUBBER BELTS INTERACTIONS /
AR BRI B TSR E SN 878

Yasenjiang BAIKELI*?, Haodong XU 2, Jiaxi ZHANG %2, Rensheng XING 2, Yong YUE *.2
D College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgi/ China;
2 Key Laboratory of Xinjiang Intelligent Agricultural Equipment, Urumgi / China

76. THE OPPORTUNITY OF ADVANCED TECHNOLOGIES UTILIZATION FOR DETECTING BASAL
STEM ROT (BSR) IN PALM OIL PLANTATION: A REVIEW /
PEMANFAATAN TEKNOLOGI CANGGIH UNTUK MENDETEKSI BUSUK PANGKAL BATANG (BSR)
PADA PERKEBUNAN KELAPA SAWIT: REVIEW
Hasbi Mubarak SUUD?, Bayu Taruna Widjaja PUTRA?39, Nazmi Mat NAWI?,
Wahyu Nurkholis Hadi SYAHPUTRA239 888
D Study Program of Agricultural Science, Faculty of Agriculture, Jember, East Java, Indonesia

2 Laboratory of Precision Agriculture and Geo-Informatics, University of Jember, Jember, East Java, Indonesia

3 Center of Excellence of Artificial Intelligence on Industrial Agriculture, University of Jember, Jember, East Java,
Indonesia; ¥ Universiti Putra Malaysia, Malaysia
% Agrotechnology Study Program, Faculty of Agriculture, University of Jember, Jember, East Java, Indonesia

77. DIGITAL ORCHARD CONSTRUCTION BASED ON NEURAL RADIANCE FIELD AND
GEOREFERENCING TECHNOLOGY /
H T LRI 5 T AT TR R = B 903
Huiyan WANG?Y; Binxiao LIU?; Jianhang WANG?Y; Changkun ZHANGY; Jinliang GONG?; Yanfei ZHANGY
DSchool of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo / China
2School of Mechanical Engineering, Shandong University of Technology, Zibo / China

78. HUMAN LOWER LIMB MOTION PATTERN RECOGNITION BASED ON MULTI-SENSOR FUSION /
BT EZLEREB T HINME TS 5B
Cuihong LIUY, Yanbo HAN?, Xiangwen SONG?, Shipeng ZHANGY, Na HAN?, Meng ZOU?, Liyan WU 915
ICollege of Engineering, Shenyang Agricultural University, Shenyang, China;
2Key Lab for Bionics Engineering of Education Ministry, Jilin University, Changchun, China

79. APPLICATION OF MACHINE LEARNING MODELS FOR PREDICTIVE MAINTENANCE OF
BIOTECHNICAL SYSTEMS /
UTILIZAREA MODELELOR DE iNVA TARE AUTOMA TA PENTRU MENTENANTA PREDICTIVA A
SISTEMELOR BIOTEHNICE 930
Adrian I0SIFY, Edmond MAICANY, Sorin Stefan BIRISY, Nicolae-Valentin VLADUT?
YFaculty of Biotechnical Systems Engineering, University POLITEHNICA of Bucharest / Romania;
JINMA Bucharest / Romania

80. IMPROVED YOLOV8-ALGORITHM FOR SORTING FRESH WHITE TEA: COMBINING FEATURE
ENHANCEMENT AND ATTENTION MECHANISM /
B YOLOVS LKA LI P SH RIS 950
Xuedong YU'?, Yadong NIUY, Zhongyou ZHOU®?, Bo LUY?, Kaigiang JIN*?, Rongyang WANG?!? *
") College of Intelligent Manufacturing and Elevator Technology, Huzhou Vocational and Technical College, Huzhou, China
2 The Huzhou Key Laboratory of Robot System Integration and Intelligent Equipment, Huzhou, China

81. APPLE FRUIT RECOGNITION METHOD BASED ON IMPROVED YOLOv5/
HTHHYOLOVS HFERBL R T77%
Yang BAIY, Shenggiao XIE?, Jian SONG*Y, Cunyu ZHAOY, Fuxiang XIEY 962
Y School of Machinery and Automation, Weifang University, Weifang/China;
2 China National Heavy Duty Truck, Jinan/China

82.| DEVELOPMENT AND PERFORMANCE EVALUATION OF A NOVEL PEELING DEVICE FOR HIGH-

MOISTURE CORN COBS | &k EEXREFRK K E RISt E
Bang JI ¥, Long PAN Y, Yusong XIEY, Hao ZHOU Y, Yongkang LIY, Pu LI? 973
D Hunan Agricultural University, College of Mechanical and Electrical Engineering, Changsha/China;
2 Hunan Mechanical and Electrical Polytechnic, Changsha/China;
% Hunan Key Laboratory of Intelligent Agricultural Machinery and Equipment, Changsha/China

83.| RESEARCH ON OPTIMIZING THE POWER BALANCE OF A PLOWING AGGREGATE COMPRISED
OF A 180 HP TRACTOR AND A 5-MOLDBOARD PLOW /
CERCETARI PRIVIND OPTIMIZAREA BILANTULUI DE PUTERE AL UNUI AGREGAT DE ARAT
FORMAT DINTR-UN TRACTOR DE 180 CP SI UN PLUG CU 5 TRUPITE
Constantin LACATUSU?Y, Sorin-Stefan BIRIS*Y, Adrian IOSIFY, Nicolae-Valentin VLADUT?, 985
Nelus-Evelin GHEORGHITAY, Edmond MAICANY, Nicoleta UNGUREANU?Y
YNational University of Science and Technology POLITEHNICA Bucharest, Faculty of Biotechnical Systems
Engineering / Romania;
JINMA Bucharest / Romania

10



Vol. 75, No. 1 / 2025

INMATEH - Agricultural Engineering

Page(s)

84.

DESIGN AND EXPERIMENTAL STUDY OF HIGH-EFFICIENCY AND LOW-DAMAGE BIONIC PICKING

DEVICE FOR TOBACCO LEAVES | B3 IEHE AR 174 RIG 5 B HI 15 i B 7T
Chenhui ZHUY, Bingjie CHENY, Bo LUO®, Wanzhang WANGY, Bingjie LIUY,
Baoshan WANGY, Liquan YANG*?2
D School of Mechanical and Electrical Engineering, Henan Agricultural University, Zhengzhou, China;
2 Henan Province Engineering Research Center of Ultrasonic Technology Application, Pingdingshan University,
Pingdingshan, China;
3 School of Intelligent Engineering, Zhengzhou College of Finance and Economics, Zhengzhou, China;
4 College of Information and Management Science, Henan Agricultural University, Zhengzhou, China

995

85.

DEVELOPMENT OF A MULTI-DIMENSIONAL CLEANING SIEVE TO OPTIMIZE THRESHED
OUTPUTS DISTRIBUTION AND EXPERIMENTS IN COMBINE HARVESTER /
BERBY ZHH T EARETFLEHE
Xiaoyu Chai?, Pengtao Zhang?, Xinting Liu?, Lizhang Xu¥, Liyuan Chen??, Qiang Li®, Longhai Wang?®
D School of Agricultural Engineering, Jiangsu University, Zhenjiang, Jiangsu, China;

2 Weichai Lovol Intelligent Agricultural Technology Co. Ltd, Weifang, Shangdong, China;

3 Tongzhou District Agricultural Mechanization Technology Extension Station, Nantong, Jiangsu, China

1015

86.

LOW HEAD MICRO-HYDRO TURBINES USED FOR EFFICIENCY INCREASE
OF SOLAR POWERED IRRIGATION SYSTEMS /
MICRO-HIDROTURBINE DE JOASA CADERE UTILIZATE PENTRU CRESTEREA EFICIENTEI SISTEM|
DE IRIGATII ALIMENTATE DIN PANOURI FOTOVOLTAICE
Rares-Andrei CHIHAIA™, Gabriela CIRCIUMARUY, Sergiu NICOLAIEY, Lucia-Andreea EL-LEATHEY?Y, Nicolae
TANASEY, Constantin DUMITRUY
Y National Institute for Research and Development in Electrical Engineering ICPE-CA Bucharest / Romania

1027

87.

STUDY ON THE CHARACTERISTICS AND DISTRIBUTION OF DAMAGE RESISTANCE ON
CORN KERNEL SURFACES | EXMH F ViR IFIER I

Qinghao HEY, Duanxin LIV, Jianning YINY, Yipeng CUIY, Pengxuan GUANY, Duanyang GENG*Y, Wei GU?
D School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo/ China
2 starlight Agricultural Machinery Co., LTD, Huzhou/ China
Corresponding author: Corresponding author: Duanyang GENG

1040

88.

THE MULTIPLE APPLICATIONS OF INDUSTRIAL HEMP (CANNABIS SATIVA L.) IN THE CONTEXT
OF SUSTAINABLE DEVELOPMENT /
APLICATIILE MULTIPLE ALE CANEPII INDUSTRIALE (CANNABIS SATIVA L.) IN CONTEXTUL
DEZVOLTARII SUSTENABILE
Lorena-Diana POPA?Y, Simona-Florina ISTICIOAIAY, Nicolae-Valentin VLADUT?, Gheorghe MATEI?,
Alexandra LEONTEDY, luliana GAGEANU?, Florin NENCIU?, Paula-Lucelia PINTILIEY, Andreea-Sabina PINTILIEY,
Oana MILEA?, Mihaela ROSCA®, Anca PANDA®, Gabriel-Ciprian TELIBAN®, Marian BURDUCEA™®
D Agricultural Research and Development Station Secuieni / Romania;
2 National Institute of Research-Development for Machines and Installations Designed for Agriculture and Food
Industry — INMA Bucharest / Romania; ¥ University of Craiova / Romania;
4 “lon lonescu de la Brad” lasi University of Life Sciences / Romania; ® Agricultural Research and Development Station
Lovrin / Romania; © “Alexandru loan Cuza” University / Romania

1051

89.

TOMATO LEAVES DISEASE IDENTIFICATION MODEL BASED ON IMPROVED MobileNetV3/

F T2 MobileNetV3 #7774 f W &R A EE
Cheng CHI*29, Lifeng QIN*-29
1 College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi, China
2 Key Laboratory of Agricultural Internet of Things, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi, China
Shaanxi Key Laboratory of Agricultural Information Perception and Intelligent Service, Yangling, Shaanxi, China

1072

90.

DESIGN AND EXPERIMENT OF A PEANUT SEEDING DEVICE FOR SYNCHRONOUS HOLE

FERTILIZATION AND DIRECTLY-ABOVE SEEDING / 7240 IE 11 #8712 B 15 i %
Yi LIUY, Massoudibrahim SALEM?,Haipeng YAN?, Peng GUO?, Chao XIA?, Guangbao XIA®,
Ahmed F. EI-Shafie??, Dongwei WANGS®*),

DCollege of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao/China
2Yellow River Delta Intelligent Agricultural Machinery Equipment Industry Academy, Dongying/China
dIndustrial Research Institute of Saline and Alkaline High-Efficiency Agricultural Technology, Qingdao Agricultural
University, Dongying/China;

4 Water Relations and Field Irrigation Department, National Research Centre, Cairo/ Egypt

1084

91.

DESIGN AND EXPERIMENTAL STUDY OF A CONTROL SYSTEM FOR SYNCHRONIZED CORN
SEEDING AND HOLE FERTILIZATION | ER#ERIALCIE A2 5 BRI R TSI B
Ziyu WANGY, Hongchao WANG?, Chunying LIANG*?, Naichen ZHAO?

D College of Information and Electrical Engineering, Heilongjiang Bayi Agricultural University, Daging, China;

2 College of Engineering, Heilongjiang Bayi Agricultural University, Daging/China

1097

11




Vol. 75, No. 1 / 2025

INMATEH - Agricultural Engineering

Page(s)

92.

GRAPE LEAF VARIETY RECOGNITION BASED ON THE AF-SWIN
TRANSFORMER MODEL / EF AF-Swin Transformer #E&498 zZiH A S 7155
Changmei LIANGY, Jiaxiong GUANY, Tongtong GAOY, Juxia LI *¥, Yanwen LI?,

Qifeng ZHAO?, Pengfei WEN?, Zhifeng BI¥, Fumin MAY
Y College of Information Science and Engineering, Shanxi Agricultural University, Jinzhong, Shanxi/ China
2 shanxi Academy of Agricultural Sciences Polomogy Institute, Jinzhong, Shanxi/ China
3 College of Horticulture, Shanxi Agricultural University, Jinzhong, Shanxi/ China
4 Department of Basic Sciences, Shanxi Agricultural University, Jinzhong, Shanxi/ China
% College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou, Gansu/ China

1113

93.

DESIGN AND EXPERIMENTAL STUDY OF A HIGH GROUND CLEARANCE WEEDING ROBOT
CHASSIS | B ZREPIBN R i 5%

Wentao XU, Lei HAN, Yanhua MA, Tao LIU, Wen LIU
Inner Mongolia Agricultural University, College of Mechanical and Electrical Engineering, Inner Mongolia, China

1125

94.

INNOVATIONS IN SMALL WIND TURBINES: A COMPREHENSIVE REVIEW OF VERTICAL AXIS
DESIGN AND EXPERIMENTAL FINDINGS /

INOVATII IN DOMENIUL TURBINELOR EOLIENE DE MICI DIVENSIUNI: O REVIZIE
CUPRINZATOARE A PROIECTARII TURBINELOR EOLIENE CU AX VERTICAL SIA
REZULTATELOR EXPERIMENTALE
Bogdan Ovidiu DURAN®, Adrian PANDELE, Dragos Mihail PREDA, Gheorghe VOICU¥
National University of Science and Technology POLITEHNICA Bucharest, Romania

1135

95.

RESEARCH ON ROOT PRUNING METHODS APPLIED TO ORCHARD TREES/
CERCETARI PRIVIND METODE DE TAIERE A RADACILOR POMILOR FRUCTIFERI
Ana ZAICA, Radu CIUPERCA, Vasilica STEFAN, Alin-Nicolae HARABAGIU,
Elena-Melania CISMARU, $tefan DUMITRU , Alexandru ZAICA
INMA Bucharest, Romania

1160

96.

DESIGN AND EXPERIMENTAL STUDY OF THE SUPPLY SYSTEM FOR GRASS SEED

PELLETIZATION COATING MACHINE | EFp A Fr it Gl 4 5 B it S5
Liying CHENY, Zhanfeng HOU™?3, Haiyang LIUY, Bingyan LIY, Liyang BAOY, Zhimin WANG?Y
D Inner Mongolia Agricultural University, College of Mechanical and Electrical Engineering, Inner Mongolia, China
2 Inner Mongolia Engineering Research Center of Intelligent Equipment for the Entire Process of Forage
and Feed Production, Hohhot, China; ® Inner Mongolia Engineering Research Center for Intelligent Facilities in
Prataculture and Livestock Breeding, Hohhot, China

1168

97.

PAME-YOLO: A MODEL FOR APPLE LEAF LESION DETECTION IN COMPLEX ENVIRONMENTS
BASED ON IMPROVED YOLOv8s /
PAME-YOLO: —Rg/l] FRAHF B IH T 2HE YOLOVEs FIFERN fi W BRI
Yuansheng Bing?, Xiao Yu*'2, Zeqi LinY, Feng Yu?
YSchool of Computer Science and Technology, Shandong University of Technology, Zibo, Shandong / China
AInstitute of Modern Agricultural Equipment, Shandong University of Technology, Zibo, Shandong / China

1179

98.

POINTNET++LR3D: AN IMPROVED POINTNET++ MODEL FOR INDIVIDUAL IDENTIFICATION OF
PIG BACK POINT CLOUD /
POINTNET++LR3D: —#2¢##9 POINTNET++ BB H FIRE 5 = MERZ
Yongshuai YANGY, Yaqgi YANY, Yuhang LI?, Jiarui ZHANGY, Xiaochan GAQY, Jie HUY, Juan LI1U*?
1 College of Software, Shanxi Agricultural University, Taigu, Shanxi / China;
2 College of Liberal Arts and Sciences, Shanxi Agricultural University, Taigu, Shanxi / China

1193

99.

PATH PLANNING STUDY OF INTELLIGENT GRAIN TRANSPORTER BASED ON GRAIN DEPOT

SCENARIO | ZTHRELIR T B R BFHE LR BT
Bogiang ZHANG?, Genliang YANGY, Liang LI, Chenglong ZHANGY, Xun ZHANG?Y,
Xuemeng XUY, Xiaoling WU?
Y School of Mechanical and Electrical Engineering, Henan University of Technology, Zhengzhou / China;
2YUTONG BUS CO., LTD. Zhengzhou / China

1207

100

DESIGN OF IOT-BASED GREENHOUSE MONITORING AND CONTROL SYSTEM USING
ADAPTIVE PARTICLE SWARM OPTIMIZED FUZZY PID CONTROLLER AND VISUALIZATION

PLATFORM | £ F FiG AL FHL LB P\D £25 R AL F 6 HOR B I E 72 R vl
Peiyu LIN *?3, Rui XU 123, Haifang WANG ¥, Jingcheng HUANG 123, Zhen GUO %23, Xia SUN 123,
Ibrahim A. DARWISH 9, Yemin GUO **23, Jicheng ZHAO *123)

D College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo, Shandong,
China;  Shandong Provincial Engineering Research Centre of Vegetable Safety and Quality Traceability, Zibo,
Shandong, China; ® Zibo City Key Laboratory of Agricultural Product Safety Traceability, Zibo, Shandong, China; ¥
Wangjing Hospital, China Academy of Chinese Medical Sciences, Beijing, China;

SDepartment of Pharmaceutical Chemistry, College of Pharmacy, King Saud University, Riyadh, Saudi Arabia

1219

12




Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

DESIGN AND OPTIMIZATION OF AIR-ASSISTED SPIRAL SEED-SUPPLY DEVICE FOR
HIGH-SPEED DENSE PLANTING MAIZE SEEDER
/

TR R B TR AR VELE IR E i St

Wen-sheng SUN ", Shu-juan YI'Y), Hai-long QI 2, Yi-fei LI '3, Zhi-bo DAI", Yu-peng ZHANG 1),
Jia-sha YUAN "), Song WANG "
College of Engineering, Heilongjiang Bayi Agricultural University, Daging/P.R.China
2Heilongjiang Beidahuang Modern Agricultural Service Group Zhongrong Agricultural Machinery Co., Ltd, Harbin / P.R.China
SCollege of Engineering, Northeast Agricultural University, Harbin/P.R.China
Tel: +86-459-13836961877; E-mail: yishujuan_2005@126.com
Corresponding author: Shu-juan Yi
DOI: https://doi.org/10.35633/inmateh-75-01

Keywords: maize, seed-supply device, air-assisted, spiral, CFD

ABSTRACT

In order to improve the seed supply performance of high-speed dense planting maize seeder, an air-assisted
spiral seed-supply device was designed and optimized. The kinetic model of maize seeds in the migration
zone was established. Based on computational fluid dynamics (CFD) simulation, the pressure and velocity
distribution in the axial plane were explored when the blower pressure was 4.0, 4.5, 5.0, 5.5, 6.0 kPa,
respectively. A two-factor, five-level central composite design (CCD) experiment was conducted using blower
pressure and spiral shaft rotational speed as test factors while seed supply rate, coefficient of variation of seed
supply rate stability and seed breakage rate were selected as seed supply performance indicators. The
influence trends of the interaction terms on these performance indicators were explored. Based on the multi-
objective variable optimization method, the optimal working parameter combination of the air-assisted spiral
seed-supply device was determined and verified by bench experiments. The results showed that the optimal
combination of working parameters was a blower pressure of 6.0 kPa and a spiral shaft rotational speed of 80
r/min. Under the verification test, the seed supply rate, the coefficient of variation of seed supply rate stability
and the seed breakage rate were 2933.21 g/min, 1.87 % and 1.69 %, respectively, with a relative error of less
than 5.5% compared to the optimized results. This study can provide a reference for the optimized design of
seed-supply devices for high-speed dense planting seeders.

e
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INTRODUCTION

Maize is one of the most widely planted and productive food crops in the world (Tang et al., 2024;
Fanigliulo et al., 2022). With the increasing demand for feed raw materials and the rapid development of deep-
processing industry, the demand for maize in China has expanded rapidly (Huai et al., 2024). To improve maize
yield, the dense planting pattern has gained widespread attention among agricultural workers. Maize
densification planting mode (Sun et al., 2024) is based on the precision sowing technology, which can
reasonably reduce the seed spacing of maize. That not only ensures the space for plant growth, but also
improves the planting density and increase production and efficiency. But in the dense planting mode, the

!Wen-sheng Sun, Ph.D.; Shu-juan Yi, Prof. Ph.D.; Hai-long Qi, bachelor degree; Yi-fei Li, Ph.D.; Zhi-bo Dai, master degree;
Yu-peng Zhang, master degree, Jia-sha Yuan, master degree; Song Wang, Ph.D.
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sowing quantity per unit area of soil will increase, the seed spacing will decrease, and the sowing frequency
of the seeder will also be higher during high-speed operation. In addition, maize seeds are often coated before
sowing, and damage to the seed coating skin should be avoided during the sowing process.

At present, the seed box of the seeder used for conventional operation is generally not provided with
a seed supply control unit, and the seed is quantitatively supplied according to the outlet structure size of the
seed box (Ding et al., 2021). The seed supply device of the centralized pneumatic dense planting seeder is
mainly controlled by machinery, and the sowing speed is generally below 10 km/h. When the seed supply
device operates at a high speed (above 10 km/h), it is easy to appear the phenomenon of "lack of power" of
seed supply (Wang et al., 2021; Wang et al., 2020). Gao Xiaojun et al., (2022), explored a quantitative feeding
device with a staggered symmetrical spiral groove wheel based on the discrete element method (DEM), and
analyzed the effects of different inclination angles and lengths of the grooved wheels on the uniformity of maize
particles flow. Yuan Hao et al., (2020), designed a piezoelectric vibration seed supply device to improve the
seeding performance of low seeding capacity seed-metering device for plug seedling of super hybrid rice, and
explored the influence law of seed tank depth and amplitude on seed supply performance based on DEM. Lei
Xiaolong et al., (2017), explored the effects of dimple depth, dimple pitch and length of pressurized tube on
the seed distribution and seeding uniformity during the seed supply stage of the air-assisted centralized planter,
and optimized the structural parameters of the pressurized tube. Gao Xiaojun et al. (2018) investigated the
changing rules of fluid field, coupling field, and particle field of venturi feeding tube under different nozzle mouth
shrinkage angles, and optimized the constriction angle. However, there is little research on the seed-supply
link of maize dense planting seeder under high-speed operation.

In order to improve the seed supply performance of seed-supplying link of high-speed dense planting
seeder of maize, an air-assisted spiral seed-supply device with spiral seed relocation and airflow seed delivery
was designed and optimized. The theoretical model of maize seeds in the migration zone of the device was
established, and the airflow distribution of the airflow seed delivery zone under different blower pressures was
explored by computational fluid dynamics (CFD) simulation. The optimal working parameter combination of
the device was obtained through the central composite design (CCD) test of two factors and five levels. The
seed supply performance of the device was further improved.

MATERIALS AND METHODS
Overall structure and working principle

The high-speed dense planting seeder of maize can complete the continuous operation links such as
stubble cleaning, ditching, sowing, pressing and soil-covering at one time. As the seed-supply unit of the
sowing link (Sun et al., 2024), the air-assisted spiral seed-supply device is mainly composed of a blower, an
inlet pipe, an outlet pipe, a pipe, a seed box, a spiral shaft, a sleeve, a motor, a seed-supply nozzle and other
parts. The seeds in the seed box have to undergo three processes of migration, mixing and conveying in the
device, which can be divided into two parts of the migration zone and the airflow seed delivery zone according
to the working process. As the medium connecting the seed box and the airflow seed delivery zone, the
migration zone is the core unit of the device. The spiral shaft and the sleeve are the main components of the
migration zone, and the hollow part between the spiral shaft and the sleeve accommodates the migration
movement of the maize seeds. The spiral shaft parameters include spiral shaft outer diameter D1 of 56 mm,
inner diameter d1 of 19 mm, guide P; of 56 mm, etc. The sleeve parameters include opening angle ¢ of 180°,
sleeve length L; of 145 mm, sleeve axial opening L of 45 mm, sleeve outer diameter D, of 63 mm, etc.

As shown in Fig.1, the maize seeds in the seed box fall from the seed inlet to the migration zone by
gravity, and orderly migrate towards the airflow seed delivery zone under the push of the spiral blades.
Following the principle of "first come, first out", they fall from the seed outlet of the migration zone to the airflow
seed delivery zone. The motor drives the spiral shaft to rotate clockwise at an angular velocity of w, and the
spiral blades are left-handed. The edge of the spiral blades rises along the left arm. The migration amount of
the seeds in the migration zone in unit time is adjusted by changing the rotational speed of the motor. The
airflow generated by the blower flows in from the inlet pipe. The migrated seed cluster are mixed with the
airflow in the seed-supply nozzle to form a gas-solid two-phase flow, and then flows into the seed-metering
device through the outlet pipe and the pipe. The conveying velocity of the seeds in the airflow seed delivery
zone is changed by adjusting the blower pressure. By adjusting the rotational speed of spiral shaft and the
blower pressure, the aim of precisely adjustable and efficient seed-supply of the device is achieved, and the seed
supply operation requirement on the device when the maize dense planting seeder operates at a high speed is met.
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Air-assisted spiral seed-supply device

Fig. 1 - Overall structure and working principle

1. seed box cover; 2. motor; 3. seed box; 4. inlet pipe; 5. outlet pipe; 6. seed inlet of migration zone;
7. seed outlet of migration zone.

Analysis of the seed-supply process in the migration zone

Hollow Arc-shaped
Hypothetical models cylindrical seed cluster
segment microsegments

Fig. 2 - Theoretical assumptions of the seed supply process
1. sleeve; 2. seed cluster; 3. spiral shatft.

After the seeds flow into the migration zone from the seed box, they will complete the migration process
in the form of bulk particles under various forces such as gravity, inertia, friction and so on. Due to the great
difference in the shape and size of maize seeds, in order to facilitate the theoretical analysis of the seed cluster
in the migration zone, the following motion assumptions are established for the stable seed supply process of
maize seeds in the migration zone based on the infinitesimal method (Yao et al., 2022):

(1) Seed cluster in the migration zone are filled completely in the hollow between the spiral shaft and
the sleeve, the phenomena of separation, jumping and other like cannot occur, and the seed cluster are tightly
attached to the spiral blade;

(2) Seed cluster are axially divided among the spiral blades into uniform and complete seed cluster
segments, where in each segment is a hollow cylindrical segment which take the center O of a spiral shaft as
a circle center, has the same inner diameter as the inner diameter of the spiral shaft, has the same outer
diameter as the outer diameter of the spiral shaft and has the thickness of dh, and radially dividing each hollow
cylindrical segment into arc-shaped seed cluster microsegments with the length of dc;
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(3) The arc-shaped seed cluster microsegment ds at any radius r; on the radial section of any spiral
shaft is taken as the research object, and the microsegment section is a rectangle of dc x dh, as shown in
Fig.2. The rotational speed of the adjacent annular seed cluster microsegments diffusedly distributed in any
radial direction will change.

The spiral shaft of the device is a standard single-head screw with equal guide and equal diameter.
The spiral blade exerts a force on the seed cluster, which makes the seed cluster produce a migration motion,
in which the rotation of the spiral shaft is induced motion, and the motion of the seed cluster relative to the
spiral blade is relative motion. The seed cluster forms a complex composite motion under these two motions.
A dynamic analysis is performed on the migration process of the seed cluster microsegments clinging to any
radius r; of the middle segment of the spiral blade, and a spatial rectangular coordinate system is established
with the center of mass of the seed cluster microsegments as the coordinate origin, the axial direction of the
spiral shaft as the z axis, the radial direction as the x axis, and the tangential direction as the y axis, as shown in Fig.3.

Analysis of force on x-z surface of

ATEES B E[pEEE 1BIEes spiral blade approximate unfolding

<—BT—>|
'y
E— I:2 5 g_aie
x‘Feg F. 3 :
e :
i
Fow/ -ty
VA

Fig. 3 - Dynamic analysis of seed cluster microsegments

The force acting on the seed cluster microsegments during the rotation of the spiral shaft can be
divided into a supporting force F, perpendicular to the spiral blade and a friction force F3 between the seed
and the spiral blade. In the process of seed movement, the microsegments will have the trend of moving axially
to the seed outlet and radially outward. According to Newton's third law of motion-force and acceleration, the
microsegments will be subjected to the interaction forces F| and F> of the adjacent seed cluster microsegments
in the radial and axial directions, and at the same time, the moving microsegments will generate additional
friction forces Fp and F» due to the forces /1 and F>. In addition, because the motion of the microsegment is
a composite motion composed of relative motion and induced motion, and the induced motion is rotation, the
inertial centrifugal force F. and the Coriolis force F. should be considered when analyzing the force model of
the microsegment. According to the basic equation of particle relative motion dynamics, the microsegment
dynamics equation is established as follows:

ma, =F,+F +F

F, = mro
F. =2mnrw,w,
Wy = We — Wy
Fry = woFy
Frp = o Fy €y
Frs = K,
G =mg
Py
tana; = F"L

where: m is the mass of the microsegment, (kg); a is the relative acceleration of the microsegment, (m-s-2);
ws is the absolute angular velocity of the microsegment, (rad/s); we is the angular velocity of the spiral shaft,
(rad/s); wr is the angular velocity of the microsegment relative to the spiral shaft, (rad/s); 1 is the friction
coefficient between spiral blade and seed; 2 is the friction coefficient between the seeds; G is the gravity
exerted on the microsegment, (N); g is the acceleration of gravity, (m-s2) ; a; is the helix angle at the position
of the spiral shaft where the microsegment are located, (°).
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Projecting the relative acceleration a; to the x-axis, y-axis and z-axis, the rectangular coordinate form
of the seed relative motion differential equation is

d?r, dv,
mw = mE =Ma,_x = F, + F, + Fpycos B, — F;
d*r, dv, . .
m a0 = mﬁ =ma,_y = G + Ff; cos By + Frzcosa; + Fysina; + Fr, sinf, (2)
d?r, dv, ) .
m ProR m i ma,_, = F,cosa; — Fgzsina; — Fpysinfy — F,

where:

arx is the projection of the relative acceleration of the microsegment on the x-axis, (m-s2); a-, is the
projection of the relative acceleration of the microsegment on the y-axis, (m-s?); a-; is the projection of the
relative acceleration of the microsegment on the z-axis, (m-s2); B1 is the angle between the friction force F
and the gravity G, (°); Bz is the angle between the friction force F» and the positive x-axis, (°).

The relative accelerations of the microsegment in the x-, y-, and z-axes are
— 2
Ar_x = TiWr

ar_, =0 3)

Simultaneous (1-3), available:
mri[(zwe - wa)z - 2(w, — wa)z] =
Fy[1 = Tuy sin f; — p cos f; (T, cos By — pp sin fy)] — Tuzmg cos B,
1 - Tl,lz Sln ﬁz

4)

which:
Ui Sina; — cos q;
"~ wy cosa; +sina;
P

VP2 + (21ry)? ©)

2mr;

JEZ + (2nr)?

It can be seen from the formula (4) that the absolute angular velocity w, is related to the angular
velocity we, the radius r;, and the guide P.. When the angular velocity we is constant, the absolute angular
velocity ws will change with the radius r; of the microsegment location, which is consistent with the motion
assumption in the previous content. Studies have shown (Chen et al., 2015; Yang et al., 2020) that when the
rotational speed of the spiral shaft is too fast, the seed cluster near the inner diameter of the spiral shaft will
produce an additional seed-cluster-flow, which will jump and roll in the radial direction and affect the axial
motion of the seed cluster. In addition, if the rotational speed is too fast, the seeds just leaving the migration
zone will splash around due to the excessive inertial force. The maximum inertial centrifugal force of the seeds
should be less than the gravity of the seeds to ensure a smooth transition from the migration zone to the airflow
seed delivery zone:

lsing; =

cosa; =

30K, |29 ©

T D,

D,
2
mwmax? < Klmg = Max <

where:
Wmax 1S the limiting angular velocity of the spiral shaft, (rad/s); nu.a is the limiting rotational speed of the
spiral shaft, (r/min); K is the reliability coefficient.

Simulation based on CFD

The UG NX 12.0 software is used to draw the fluid domain model and import it into Space Claim software
for correction. The corrected model is imported into Fluent Meshing module for meshing. The minimum and
maximum values of the surface grid are set to 0.5 mm and 5 mm, respectively. After the surface grid is
generated, the fluid domain is calculated using polyhedral grid to fill the body grid. The fluid domain model is
shown in Fig. 4.
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According to the characteristics of the gas flow in the device, the standard K-epsilon model is used as
the turbulence model, the second-order upwind equation is used as the momentum equation, the first-order
upwind equation is used for the turbulent kinetic energy and the turbulent dissipation rate, the turbulent
intensity is set to be 5 %, the turbulent viscosity ratio is set to be 10. The Fluent time-step is 1 x 10-3s, and the
total simulation time is 2 s. The inlet pressure was set as 4.0, 4.5, 5.0, 5.5, 6.0 kPa, respectively, and the outlet
pressure was set as 0 Pa to explore the airflow distribution in the airflow seed delivery zone under different
blower pressures.

Body grid

Pressure inlet

Surface grid

Fluid domain Cross-section of meshed model of fluid domain

Fig. 4 - Establishment of CFD simulations
Bench test

In June 2024, the bench test of the air-assisted spiral seed-supply device was carried out in the high-
speed precision seeding laboratory of the College of Engineering, Heilongjiang Bayi Agricultural University,
Daqing City, Heilongjiang Province, China. The test conditions and results are shown in Fig. 5.

Experimental condition and results

Fig. 5 - Bench test
1. electronic balance; 2. measuring cylinder; 3. DP2000 intelligent pressure and wind velocity air volume meter; 4. frequency converter;
5. HTB-multi-stage blower; 6. air tube; 7. switch power supply; 8. infinite speed control knob; 9. display screen; 10. motor;
11. inlet pipe; 12. seed box; 13. outlet pipe; 14. pipe; 15. seed net.

The main test equipment includes HTB-multi-stage blower, frequency converter, DP2000 intelligent
pressure and wind velocity air volume meter, seed net, motor, infinite speed control knob, switch power supply,
electronic balance, etc. The typical maize variety "Farley 1439" (small rounded) planted in Heilongjiang
Province of China were selected as the test seeds, and the basic material characteristic parameters were
shown in Table 1. The selected seeds were all coated and sorted, and the results were the average values
after multiple measurements.
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Table 1
Basic material characteristics of maize seed
Variety Seeq  Moisture Thousand . .. Pile Length Width  Thickness
name icture content grain lg-cm-3 angle/(°) mm mm mm
P 1% weighl/g 9 9

Farley

1439

(small "‘ 12.6 296.4 1.122 20.23 8.0310.41 7.12+046 6.34+0.43

rounded)

In order to determine the optimal working parameters of the device and explore the interaction between
the blower pressure and the rotational speed of spiral shaft on the seed-supply performance, a multi-factor
experiment with two factors and five levels was carried out based on the CCD method. According to the actual
test conditions, the blower pressure at 4.0 ~ 6.0 kPa and the rotational speed of spiral shaft at 50.0 ~ 80.0
r/min was set. The test factor codes are shown in Table 2, where X1 and X2 are the factor code values of the
pressure and the rotational speed respectively.

Table 2
Experimental factors and level codes in multi-factor experiments

Experimental factors

Coded values

X1/ kPa X2/ rrmin
-1.414 4.0 50.0
-1 4.29 544
0 5.0 65.0
1 5.71 75.6
1.414 6.0 80.0

Referring to GB/T 9478-2005 "Testing methods of sowing in lines", the test indexes were seed supply
rate 9;, coefficient of variation of the seed supply rate stability CV and seed breakage rate K;. Wherein, the
seed supply rate is defined as the mass of the seeds flowing out of the device in unit time. The coefficient of
variation of seed supply rate stability is defined as the percentage of the standard deviation of the seed supply
rate to the average value of it at the same level of device parameter, measured many times to evaluate the
uniformity of seed supply in the device. The seed breakage rate is defined as the percentage of the broken
seed mass Z; out of the total seed mass Z, flowing out of the device in given time. The evaluation index
expression of seed supply performance is as follows:

2?1:11 Gi
Ny
M (G —9;)?
Zl=11\(]1 st i) 7

CV=————x1009
I, %

191':

Zy
K, === x 100%
Zn

where: G; is the seed quality of the i-th test, (g); Vi is the number of experiments.

In the experiment, the seeds discharged from the device were collected using the seed net for 1 minute.
The net weight was measured, and then the broken seeds were picked up and weighed. Each group of
experiments was repeated 5 times, and the seed supply rate, the coefficient of variation of the seed supply
rate stability and the seed breakage rate were calculated under different treatments.

RESULTS AND DISCUSSIONS

Simulation analysis of flow field in the airflow seed delivery zone

In order to explore the pressure distribution in the airflow seed delivery zone under different inlet
pressures, the pressure nephogram in the axial plane of the fluid domain at 2 s was intercepted, as shown in
Fig. 6 a ~ e. In the figure, the pressure distribution in the axial plane is similar for different inlet pressures, the
pressure is higher in the area from the inlet of the inlet pipe to the inlet of the outlet pipe, the pressure in the
outlet pipe and the pipe is lower, and negative pressure appears near the outlet pipe and the pipe inlet.
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With the increase of the inlet pressure, the pressure range of the airflow seed delivery zone is gradually
increased. The pressure ranges at 4.0, 4.5, 5.0, 5.5 and 6.0 kPa were -1271.52 ~ 3993.05, -1426.41 ~ 4558.55,
-1693.46 ~ 4994.76, -1957.58 ~ 5525.13, -1950.10~5961.19 Pa, respectively.

Dividing the segment of the flow field of the axial plane in the fluid domain from the pressure inlet to
the pressure outlet into Q1Q2, Q2Q3 and Qs3Qs4, and randomly and continuously selecting 20, 120 and 550
sample points from each segment in turn according to the arrow direction respectively. The pressure of the
sample points on the line segments of 4.0, 4.5, 5.0, 5.5, and 6.0 kPa were recorded as shown in Fig. 6 f. In
the process of airflow from Q1 to Qz, the vertical section area of the line segment is basically unchanged. The
pressure shows a downward trend, but the downward speed gradually slows down. The inlet pressure of 4.0,
4.5, 5.0, 5.5, 6.0 kPa decreased by 292.83,310.76,359.53,406.06 and 437.51 Pa, respectively, and the higher
the inlet pressure, the more the pressure decreased. In the process of the airflow from Q2 to Qs, the vertical
sectional area of the line segment of the sample points before and after Q2 suddenly changes from small to
large. The vertical sectional area of the line segment of the sample points before and after Qs suddenly
changes from large to small. The pressure first increases slowly, then fluctuates slowly, and finally decreases
rapidly. The pressure inlet of 4.0, 4.5, 5.0, 5.5 and 6.0 kPa reached the maximum pressure of this segment at
the 42nd, 48th, 54th, 54th and 48th sample points respectively, which are 2974.79, 3405.17, 3783.44, 4227.45
and 4446.06 Pa. During the process of airflow from Qs to Q4, the vertical cross-sectional area of the line
segment remains basically unchanged, and the pressure first rapidly decreases to the lowest point of the entire
flow field sample point. The inlet pressure of 4.0, 4.5, 5.0, 5.5, and 6.0 kPa reaches the minimum value at
sample points 189, 189, 189, 184, and 185, respectively, which are -679.32, -828.05, -820.72, -1053.8, and -
1153.51 Pa, and then shows an upward trend but the upward speed gradually slows down, reaching a local
maximum before slowly decreasing again. Each inlet pressure at the 690th sample point is 0 Pa.
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I @ —— (®) (c)
| -1271.52 44.62 1360.77 2676.91 3993.05 -1426.41 69.83 1566.07 3062.31 4558.55 -1693.46 -21.41 1650.65 3322.71 4994.76

i
Pressure
inlet

Pressure
outlet

20 sample 120 sample 550 sample
pointsinthe  pointsin the

second segment  third segment Qal

pointsinthe | |

first segment} |

I

I

I

I

I

I

I

I

|

I

I

M e — I ——————— —

120 140 690 120 140 690 120 140 690

|
|

I

I

I

I

I

I

I

I

I

I

I

I

Pressure (Pa) Pressure (Pa)
@ @) ®
-1957.58 -86.90 1783.77 3654.45 5525.13  -1950.10 27.72 2005.54 3983.37 5961.19 ——4.0kPa 4.5kPa——5.0kPa 5.5kPa 6.0kPa
5000 |
4000 | — o
a zo00f N $am \
I 5 \
2 2000} \ 2
2
[
o 1000 | ® e

of ‘V\
0 100 200 300 400 500 600 700
Order of sample point

Fig. 6 - Pressure situation of the airflow seed delivery zone under different inlet pressures
a. pressure inlet=4.0 kPa; b. pressure inlet=4.5 kPa; c. pressure inlet=5.0 kPa; d. pressure inlet=5.5 kPa; e. pressure inlet=6.0 kPa;
f. sample point pressure curve of different inlet pressures.

In order to explore the velocity distribution under different inlet pressures in the airflow seed delivery
zone, the axial plane velocity nephogram of the fluid domain at 2 s was intercepted, as shown in Fig. 7 a ~ e.
In the figure, with the increase of inlet pressure, the maximum velocity of the whole flow field shows a gradual
upward trend, and the maximum velocity reaches 88.61 m/s when the inlet pressure is 6.0 kPa. There was
little difference in the velocity distribution of the axial plane under different inlet pressures, and the highest
velocity appeared at the outlet pipe, which was caused by the sudden decrease of the cross-sectional area of
the airflow from the seed-supply nozzle to the outlet pipe.
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The velocity at the sample points on Q1Q2, Q2Qs and Q3Q4 with inlet pressures of 4.0, 4.5, 5.0, 5.5,
6.0 kPa were recorded as shown in Fig. 7 f. In the process of the airflow from Q1 to Qz, the vertical sectional
area of the line segment is basically unchanged, and the velocity shows an upward trend, but the rising speed
gradually slows down, which is completely opposite to the pressure change trend in the segment, and conforms
to the relationship between the velocity and the pressure in Bernoulli's principle. The Q1Q2 segment reaches
a maximum velocity of 51.7 m/s at the inlet pressure of 6.0 kPa. In the process of airflow from Q2 to Qs, the
velocity of each inlet pressure does not change much from the 21st to about the 50th sample points, and then
it decreases rapidly. The inlet pressures of 4.0, 4.5, 5.0, 5.5, and 6.0 kPa reach the local minimal of the velocity
of this segment at the 68th, 61st, 66th, 58th, and 65th sample points, respectively, which are 23.23, 19.52,
28.32, and 22.94, 29.1 m/s. After which the velocity roughly shows a trend of first rising, then falling and then
rising. The inlet pressures of 4.0, 4.5, 5.0, 6.0 kPa reach the minimum velocity in this segment at the 111th,
113th, 118th, 115th sample points, respectively, which are 13.62, 16.7, 17.39, and 23.75 m/s. In the process
of the airflow from Qs to Qq, the velocity first rises rapidly to the maximum of the whole flow field sample points.
The inlet pressures of 4.0, 4.5, 5.0, 5.5, and 6.0 kPa reach the maximum velocity at the 168th, 164th, 168th,
168th and 168th sample points, respectively, which are 65.66, 64.71, 72.9, 78.88 and 79.4 m/s, and then
decreased rapidly. Among them, the inlet pressure of 4.0 kPa and 5.0 kPa decreased relatively slowly, and the
inlet pressure of 4.5 kPa was the lowest value of 16.74 m/s at the 229th sample point. The velocity of the
sample points before and after the lowest value fluctuated greatly. Finally, the velocity showed an upward trend,
but the rising speed gradually slowed down. The velocities at the 690th sample point were 47.68, 52.64, 60.21,
56.8 and 64.82 m/s at the inlet pressures of 4.0, 4.5, 5.0, 5.5, 6.0 kPa, respectively.
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Fig. 7 - Velocity situation of the airflow seed delivery zone under different inlet pressures
a. pressure inlet=4.0 kPa; b. pressure inlet=4.5 kPa; c. pressure inlet=5.0 kPa; d. pressure inlet=5.5 kPa;
e. pressure inlet=6.0 kPa; f. sample point velocity curve of different inlet pressures.

Results of the multi-factor experiments

According to the range of factors in Table 2, a multi-factor test was conducted, and the test results are
shown in Table 3. In the table, X1, X2, and X3 are coded values of seed supply rate, coefficient of variation of
seed supply rate stability, and seed breakage rate, respectively. The test results were processed and analyzed
by Design-Expert 12 software, and the quadratic equation variance analysis was obtained as shown in Table
4.
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Table 3
Design and results of the Central-Composite experiment
N Experimental factors Experiment indexes
° X1/ kPa X2/ km-h1 Y1/ g:min"! Y2/ % Y3! %
1 -1 -1 1390.15 1.64 1.22
2 1 -1 2152.24 1.05 1.51
3 -1 1 1833.94 1.61 1.46
4 1 1 2676.8 1.54 1.58
5 -1.414 0 1448.44 1.94 1.3
6 1.414 0 2554.86 1.16 1.62
7 0 -1.414 1670.56 1.15 1.36
8 0 1.414 2402.78 1.89 1.56
9 0 0 2017.56 1.65 1.48
10 0 0 2007.56 1.58 1.43
1 0 0 2001.99 1.52 1.44
12 0 0 2002.98 1.59 1.47
13 0 0 2043.70 1.69 1.49
14 0 0 2030.79 1.72 1.39
15 0 0 2008.34 1.51 1.37
16 0 0 2022.48 1.71 1.42
Table 4
Variance analysis of the regression model
Seed supply rate Coefficient of varlatlor\'of Seed breakage rate
seed supply rate stability
Source
Sum of Sum of Sum of
p-value p-value p-value
squares squares squares
Model 1.761E+06 < 0.0001** 0.8020 0.0005** 0.1451 < 0.0001**
X1 1.256E+06 <0.0001** 0.3886 0.0003** 0.0930 < 0.0001**
X2 5.019E+05 < 0.0001** 0.2837 0.0008** 0.0439 0.0002**
X1 X2 1630.95 0.0251* 0.0676 0.0439* 0.0072 0.0446*
X12 663.32 0.1242 0.0237 0.2027 0.0005 0.5795
X2? 565.05 0.1524 0.0385 0.1126 0.0005 0.5795
Residual 2354.41 0.1273 0.0137
Lack of fit 835.36 0.3523 0.0788 0.0666 0.0009 0.9134
Pure error 1519.06 0.0485 0.0128
Cor total 1.763E+06 0.9293 0.1588

Note: * indicates a significant impact; ** indicates a highly significant impact.

In Table 4, the p values of the regression models of seed supply rate Y1, Coefficient of variation of
seed supply rate stability Y2, and seed breakage rate Y3 were all less than 0.01, indicating that the regression
models were extremely significant. The p-values of the lack of fit test were all more than 0.05, indicating that
the regression models had good fit. In the variance analysis of the Y1, Y2 and Y3, the blower pressure X1 and
rotational speed of spiral shaft X2 showed extremely significant effects, and the interaction X1 X2 showed
significant effects. The influence order of each factor on the Y1, ¥2 and Y3 was: X1, X2. The quadratic
regression equation of Y1, Y2 and Y3 is as follows:

Y1 = —1584.37 + 567.44X1 + 0.44X2 + 2.69X1X2 — 18.21X1% + 0.075X2?
Y2 =233 -0.35X1+0.011X2 + 0.017X1X2 — 0.11X12 — 0.00062X2? 8)
Y3 =-0.97 +0.37X1 + 0.027X2 — 0.0057X1X2 + 0.015X12 + 0.000067X2?

In order to explore the influence trend of interaction terms of factors on the Y1, ¥2 and Y3, the contour
map is drawn as shown in Fig. 8.

In Fig. 8a, when the rotational speed is constant, the Y1 is positively correlated with the blower
pressure. The greater the pressure, the faster the conveying velocity of maize seeds entrained by airflow, the
shorter the conveying time, and the higher the seed supply rate. When the pressure is constant, the Y1 is
positively correlated with the rotational speed. The increase of the rotational speed can improve the migration
velocity of the seeds in the migration zone, thereby improving the seed supply rate of the device. When the
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pressure is 5.75~6.0 kPa and the rotational speed is 75~80 r/min, the Y1 is relatively high, ranging from
2712.86 to 2975 g/min. In Fig. 8b, when the rotational speed is constant, the Y2 is negatively correlated with
the pressure at the rotational speed of 50 ~ 75 r/min, and it increases slowly at first and then decreases with
the increase of the pressure at the rotational speed of 75 ~ 80 r/min. When the pressure was constant, the Y2
increased first and then decreased with the increase of the rotational speed at the pressure of 4.0~4.6 kPa,
and it was roughly positively correlated with the rotational speed at the pressure of 4.6~6.0 kPa. When the
pressure is 5.75~6.0 kPa and the rotational speed is 50~52.5 r/min, the Y2 is relatively low, ranging from 0.53 %
to 0.83 %. In Fig. 8c, when the rotational speed is constant, the Y3 is positively correlated with the pressure.
The higher the pressure, the faster the airflow entraps the seeds in the airflow seed delivery zone, and the
easier it is to cause damage to the seeds coating when the seed collides with the seed and the seed collides
with the inner wall of the device. When the pressure was constant, the Y3 was positively correlated with the
rotational speed. With the increase of the rotational speed, the disturbance effect of the spiral shaft on the
seed cluster in the migration zone is more obvious. The frequency of friction between seeds and seeds, seeds
and components in the migration zone is increased. At the same time, with the increase of the rotational speed,
the inertia force when the seeds flow out from the migration zone also increases, and the collision between
the seeds and the seed-supply nozzle is intensified under the action of airflow. When the pressure is 4.0~4.25
kPa and the rotational speed is 50~55 r/min, the Y3 is relatively low, ranging from 1.12 % to 1.25 %.
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According to the results of multi-factor experiments, the optimal working parameter combination of the
device was determined based on the multi-objective variable optimization method. With the highest Y1, the
lowest Y2 and Y3 as the optimization objectives, the optimization equation is established within the range of
factors and solved by Design-Expert 12 software.

The optimization equation is as follows:

maxY1
minY?2
minY3
4kPa = X1 = 6kPa 9
50r/min = X2 = 80r/min
1>Y2(X1,X2)=0
1>Y3(X1,X2)=>0

After calculation, the optimal working parameter combination for the device is: the pressure and the
rotational speed are 6.0kPa and 80r/min, respectively. Under this parameter combination, the Y1, Y2, and Y3
are 2971.515 g/min, 1.774 %, and 1.616 %, respectively. The results were verified by bench test, and the Y1,
Y2, and Y3 were 2933.21 g/min, 1.87 %, and 1.69 %, respectively, with the relative error of less than 5.5 %
compared to the parameter optimization results. The optimized combination of working parameters makes the

device achieve better test results in the bench test, and the error is small, which shows that the parameter
optimization is effective.

CONCLUSIONS

In this study, according to the working process, the air-assisted spiral seed-supply device was divided
into the migration zone and the airflow seed delivery zone. By establishing the kinetic model of maize seeds
in the migration zone, the theoretical relationship between the absolute angular velocity w, of the seed cluster
microsegment and the angular velocity ws of the spiral shaft was obtained. Based on the CFD simulation, when
the inlet pressure of the airflow seed delivery zone at 2 s was 4.0, 4.5, 5.0, 5.5 and 6 kPa, the pressure range
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was -1271.52 ~ 3993.05, -1426.41 ~ 4558.55, -1693.46 ~ 4994.76, -1957.58 ~ 5525.13, -1950.10 ~ 5961.19
Pa, and the maximum velocity of the airflow was 88.61 m/s. Based on the CCD, the multi-factor experiment
was carried out, and the influence order of blower pressure X1 and rotational speed of spiral shaft X1 on seed
supply rate, coefficient of variation of seed supply rate stability and seed breakage rate was: X1, X2. Based
on the multi-objective variable optimization method, the optimal working parameter combination of the device
was determined as the blower pressure of 6.0 kPa and the rotational speed of spiral shaft of 80 r/min. Under
the verification test, the seed supply rate, the coefficient of variation of seed supply rate stability and the seed
breakage rate were 2933.21 g/min, 1.87% and 1.69%, respectively. The relative error is within 5.5% compared
with the result of parameter optimization. The device obtains higher seed supply performance under the
optimized working parameter combination.

ACKNOWLEDGEMENT

The study was funded by the Heilongjiang Province Key Research and Development Program Major
Projects, China (20222X05B02) and Ltd. 2023 Pilot Project on Integration of Agricultural Machinery R&D,
Manufacturing, and Promotion and Application.

REFERENCES

[1]  Chen, X,, Luo, X., Wang, Z., Zhang, M., Hu, L., Yang, W., Zeng, S., Zang, Y., Wei, H., & Zheng, L. (2015).
Design and experiment of a fertilizer distribution apparatus with double-level screws. Transactions of
the Chinese Society of Agricultural Engineering, Vol. 31, Issue 3, pp. 10-16.
https://doi.org/10.3969/j.issn.1002-6819.2015.03.002

[21 Ding, Y., Wang, K., Liu, X., Liu, W., Chen, L., Liu, W., & Du, C. (2021). Research progress of seeding
detection technology for medium and small-size seeds. Transactions of the Chinese Society of
Agricultural Engineering, Vol. 37, Issue 8, pp. 30-41. https://doi.org/10.11975/j.issn.1002-
6819.2021.08.004

[3] Fanigliulo, R., Grilli, R., Benigni, S., Fornaciari, L., Biocca, M., & Pochi, D. (2022). Effect of sowing speed
and width on spacing uniformity of precision seed drills. INMATEH-Agricultural Engineering, Vol. 66,
Issue 1, pp. 9-18. https://doi.org/10.35633/inmateh-66-01

[4] Gao, X, Xie, G., Xu, Y,, Yu, Y., & Lai, Q. (2022). Application of a staggered symmetrical spiral groove
wheel on a quantitative feeding device and investigation of particle motion characteristics based on DEM.
Powder Technology, Vol. 407, pp. 117650. https://doi.org/10.1016/j.powtec.2022.117650

[5] Gao, X, Xu, Y, Yang, L., Zhang, D., Li, Y., & Cui, T. (2018). Simulation and experiment of uniformity of
venturi feeding tube based on DEM-CFD Coupling. Transactions of the Chinese Society of Agricultural
Machinery, Vol. 49, Issue S1, pp. 92-100. https://doi.org/10.6041/j.issn.1000-1298.2018.50.013

[6] Huai, H., Zhang, Q. Liu, M., & Tang, X. (2024). Changes in climate attributes and harvest area structures
jointly determined spatial-temporal variations in water footprint of maize in the Beijing-Tianjin-Hebei
region. Heliyon, Vol. 10, Issue 12, pp. E32565. https://doi.org/10.1016/j.heliyon.2024.e32565

[7] Lei, X, Liao, Y., Wang, L., Wang, D., Yao, L., & Liao, Q. (2017). Simulation of gas-solid two-phase flow
and parameter optimization of pressurized tube of air-assisted centralized metering device for rapeseed
and wheat. Transactions of the Chinese Society of Agricultural Engineering, Vol. 33, Issue 19, pp. 67-
75. https://doi.org/10.11975/j.issn.1002-6819.2017.19.009

[8] Sun, W.,Yi, S, Qi, H., Dai, Z., Zhang, Y., & Wang, S. (2024). Research progress on narrow row and
dense planting delta-row seeding technology and equipment. Agricultural Engineering, Vol. 14, Issue 5,
pp. 5-9. https://doi.org/10.19998/j.cnki.2095-1795.2024.05.001

[9] Sun, W.,Yi, S., Qi, H., Li, Y., Dai, Z., Zhang, Y., & Wang, S. (2024). Design and experiment of progressive
seed-cleaning mechanism for air-pressure maize precision seed-metering device. INMATEH-
Agricultural Engineering, Vol. 73, Issue 2, pp. 473-486. https://doi.org/10.35633/inmateh-73-40

[10] Tang, H., Guan, T., Xu, F., Xu, C., & Wang, J. (2024). Test on adsorption posture and seeding
performance of the high-speed precision dual-chamber maize metering device based on the seed
characteristics. = Computers and  Electronics in  Agriculture, Vol. 216, pp.108471.
https://doi.org/10.1016/j.compag.2023.108471

[11] Wang, L., Liao, Y., Liao, Q., Qi, T., Zhang, Q., & Wang, B. (2021). Design and test on centralized metering
seed feeding device of air-assisted planter for rapeseed. Transactions of the Chinese Society of
Agricultural Machinery, Vol. 52, Issue 2, pp.75-85. https://doi.org/10.6041/j.issn.1000-1298.2021.02.007

24



Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

[12]

[13]

[14]

[15]

Wang, L., Liao, Y., Zhang, Q., Liu, H., Wang, B., & Liao, Q. (2020). Experiments and analysis on seeding
performance of seed feeding device of rapeseed centralized metering device under lateral tilt.
Transactions of the Chinese Society of Agricultural Engineering, Vol. 36, Issue 19, pp.1-10.
https://doi.org/10.11975/j.issn.1002-6819.2020.19.001

Yao, L., Liao, Q., Wang, L., Liu, H., Wei, G., & Wang, B. (2022). Design and experiment of spiral seed
feeding device in spinning disc high-speed metering device for rapeseed. Transactions of the Chinese
Society of Agricultural Machinery, Vol. 53, Issue 6, pp. 78-88. https://doi.org/10.6041/j.issn.1000-
1298.2022.06.008

Yang, W., Fang, L., Luo, X,, Li, H., Ye, Y., & Liang, Z. (2020). Experimental study of the effects of
discharge port parameters on the fertilizing performance for fertilizer distribution apparatus with screw.
Transactions of the Chinese Society of Agricultural Engineering, Vol. 36, Issue 17, pp.1-8.
https://doi.org/10.11975/j.issn.1002-6819.2020.17.001

Yuan, H., Liu, C., Song, J., Du, X., Jiang, M., & Li, W. (2020). Piezoelectric vibration seed supply device
of precision metering device for plug seedling of super hybrid rice. Transactions of the Chinese Society
for Agricultural Machinery, Vol. 51, Issue S2, pp. 31-40. https://doi.org/10.6041/j.issn.1000-
1298.2020.S2.004

25



Vol. 75, No. 1 / 2025 INMATEH - Agricultural Engineering

DESIGN AND EXPERIMENT OF GUIDANCE CAM OF AIR SUCTION GARLIC CLOVE

DIRECTIONAL METERING DEVICE
/

TR 575 [FIFFFas-FZ I B 1) 8 i Sl B

Kungiao LI, Fuhai FANG, Zhuo WANG, Yongzheng ZHANG, Mingliang ZHANG
Shandong University of Technology, College of Agricultural Engineering and Food Science, ZiBo (255000), China
Tel: +86-13015557631; E-mail: jixieshiji2021@126.com
DOI: https://doi.org/10.35633/inmateh-75-02

Keywords: air suction type, directional metering device, guide cam, garlic, garlic clove direction

ABSTRACT

To enhance the upright orientation rate of garlic clove bud tips, an air-suction garlic clove directional metering
device with a guiding cam was developed. Key parameters influencing garlic clove discharge performance
were determined through mechanical analysis. After optimization, the guiding cam'’s thickness (D) was set at
4 mm, with the lead-in and the seeding section tilt angles (a.,8) of 5° and 15°, respectively. Comparative tests
were conducted using optimal parameters, focusing on seed discharge disc rotational speed(n) and negative
pressure (P) as main variables, with the upright rate of seeds in the receiving hopper serving as the evaluation
index. Under conditions of -11.5 kPa negative pressure and 7 rad/s rotational speed, the upright rate reached
97.2%. Results demonstrated that the addition of guiding cams significantly improved the upright rate,
increasing it by over 10% compared to directional metering devices without guiding cams.
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INTRODUCTION

The metering device in sowing machinery typically performs four functions: seed filling, cleaning,
guarding, and casting, with a guide mechanism ensuring uniform plant spacing. In garlic planting, maintaining
an upright bud orientation is crucial (Wu et al., 2024, Liu et al., 2022; Xu et al., 2021). The garlic clove
discharger must ensure uniform seed feeding in both timing and speed while discharging cloves with the bud
tip upward to facilitate smooth entry into the hopper and improve seed uprightness (Babatunde et al., 2020;
Chen et al., 2016).

Recent studies by both domestic and international scholars have led to advancements in seed guiding
devices (Kang et al., 2022; Zhao et al., 2018; Liao et al., 2020; Liu et al., 2015). A belt-type, high-speed corn
seed guiding device using a rotating clamping method to improve seed entry accuracy and stability was
developed (Ma et al., 2023). A soybean precision seeding device was designed to ensure consistent grain
spacing (Chen et al., 2022). A corn posture-controlled seeding device that optimizes the seed guiding trajectory
to maintain constant seed placement and speed was introduced (Dong et al., 2023). A finger-driven,
synchronous belt seed guiding system was developed (Liu et al., 2017). John Deere of the United States
created a brush belt seed guiding device to ensure stable seed guidance at high speeds (Ji et al., 2021). The
seeds discharged from the seed meter are thrown onto the partition of the conveyor belt by turning the fingers.
The seeds move to the seeding port along the conveyor belt and are delivered to the seed furrow at a
consistent speed (Liu et al., 2020).

The primary goal of seed guidance design is stable, accurate seeding. While prior research focuses on
non-directional crops, this study introduces a fixed guide cam for air-suction garlic seeders, ensuring cloves
discharge with the bud tip upward for smooth hopper entry.
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MATERIALS AND METHODS
Principle and composition of the guided cam working profile

The air-suction garlic seeding device rotates at speed n, guiding suction holes through seed suction (/),
directional (/l), and discharge (/l/) areas, as shown in Figure 1. In the suction area, cloves are captured; in the
directional area, they align tangentially with the suction hole’s center circle, maintaining an attitude angle of
-15°to 15°. In the discharge area, cloves are released with the bud tip upward. Positioning the discharge point
at S (horizontal) causes instability due to height, while lowering it to P resolves this. The guide cam adjusts the
deflection angle for proper orientation, making its contour and position critical.

Fig. 1 - Working principle diagram of a seed tray
1 - Shell; 2 - Seed plate; 3 - Directional needles; 4 - Negative pressure chamber; 5 - Garlic clove; 6 - Guide cam; 7 - Hopper.

The guide cam's working profile comprises two curved sections, ab and bc, connected smoothly by
rounded corners. In-plane projection, these sections appear as straight lines. When garlic cloves contact the
ab and bc sections, their posture and deflection angles are adjusted, correcting the 30° deflection at point P
observed without a guide cam. This ensures the cloves fall smoothly into the receiving bucket with the bud tip
facing upward, completing the guiding and seeding process.

Guided Process Analysis

The guiding process of garlic cloves was analyzed using a plane analytical method to examine the
contact torque between cloves and the guide cam. Contact types include side edge and arc surface contact.
For side edge contact, the cloves' posture angle at point S ranges from -15° to 15°, with contact occurring
along varying straight-line segments. A coordinate system X and Y with point b as the origin was established
to analyze the garlic clove contact, as shown in Fig.2.

a) Garlic clove side edge contact b) Arc contact
Fig. 2 - Analysis of garlic clove contact guide cam process
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When the garlic clove first contacts the ab segment, as shown in Fig.2 (a), the counterclockwise torque
(M+) must exceed the clockwise torque (M>) to meet the guidance requirements, as shown in formula (1).

M; > M,
M, =Fy -d 1)
M2:Ff 'd2

where: M- rotational torque of garlic clove, N-mm;
d - rotational force arm of garlic clove, mm;
Fy, Fy- the force of the guide cam relative to the garlic clove, N;

The force arm (d) is defined as the distance from the center of the suction hole to the straight line (/).
The expression for the force arm is determined by solving the equations of the two straight lines.

Y11= - X
' tana
CR (2)
y, = —tanagX, + Xa * Ya
2 27 cos a
Garlic clove rotation arm(d) is obtained, as shown in formula (3):
VG +Y5
tanaX, +yp—— — Xp + Yp
cosa tan a 3
\/14- tan’a, - +1
tan? a,

where: y;, y2 - expression for straight line segment /i, lus;
a-~ the lead-in section (ab) tilt angle, °;

Taking the suction hole as the origin, Fiy and Fare obtained by analyzing the force on the garlic clove.

Ty cosé, = F cosd,
Ft = uFy (4)
F = \[F& + F +2FFy cosy

where: 8, - angle between centripetal force (7) and horizontal direction, °;
6, - angle between resultant force (F;) and horizontal direction, °;
63 - the angle between the force (Fy) and the friction force (Fy), °;
T - centripetal force on a garlic clove, N;

Substituting Formula (4), and Formula (3) into Formula (1), Formula (5) can be obtained by simplifying

(sinat+ybcosat—«/xa2+y§)-FN > X, COSa; +Ypsing; -Fy )

The analysis of formula (5) reveals that counterclockwise rotation requires a relationship between at
and contact point positions (xa, ya). When the garlic clove first contacts the bc segment (Figure 2b), and the
adjustment angle B aligns with the clove's deflection angle, the force arm ds > d4, making S crucial for guiding.
Therefore, the parameters a;, 8, and the contour require precise design.

Determination of guide cam profile

The guide cam's position and contour were optimized using Jinshan garlic as the study object. Most cloves,
measuring 27-34 mm in length and 16-23 mm in width, account for 96% of the total sample, with larger cloves
contacting the guide cam earlier. For analysis, a clove length of 34 mm and width of 20 mm were selected.
Initial contact scenarios were evaluated to determine the guide cam's position parameters.
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Fig. 3 - Schematic diagram of the position where the garlic clove first contacts the guide cam
1 - Side edge contact 6, =15°; 2 - Arc contact 6, =15°; 3 - Side edge contact 6, =0°; 4 - Side edge contact 6, =-15°.

The design conditions for guide cam points a, b, and ¢ are as follows: First, when 6; is 15°, the side edge
contacts point a at a distance r; from the center, ensuring that cloves of various sizes make contact with the
ab segment. Second, when 6, is 15°, the arc surface contacts point b at a distance r> from the center,
positioning the force below the suction hole. At ;, the side edge passes smoothly through point b, and at 6, is
-15°, it contacts point ¢ at a distance r, from the center, as shown in figure 3. This design ensures garlic cloves
maintain contact with the guide cam before separating from negative pressure, optimizing the guidance effect.

tan 6, 7::')#/2
- (l)Dsﬁb cos 90" -4,
D
=R 2cos6, ©6)
5-r-2

D cos G, +15°
sé’b

where: R - Radius from the center of the suction hole to the center of the seed plate, mm;
6b -The angle between the length L and width B of the garlic clove,®.

The dimension parameters of the guide cam ab segment meet the following requirements:

129.47mm =1 <134.2mm=r, < I3 <y =141.35mm (7)

From formula (7), point a is positioned at 7; = 130mm, point / at »> = 135mm, and point ¢ at 7, = 140mm.

Determination of guide cam thickness and installation position

The precise guiding of garlic cloves depends on the thickness of the guide cam and its distance from
the seed plate. An improper distance can lead to ineffective contact or tipping of the garlic clove. Measurements
of Jinxiang garlic cloves indicate side edge contact points (/;) ranging from 2.6mm - 4.8mm and arc surface
contact points (/2) from 5.1mm - 7.2mm. Consequently, the distance between the guide cam's center line and
the seed plate (T) was set at 7=5mm. The final thickness was established at D=4mm, ensuring effective

guidance for 98% of the cloves.
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B

Fig. 4 - Garlic clove contact surface height
1 - Garlic clove; 2 - Guide cam; 3 - Seed plate.

Determination of tilt angle parameters

The determination of the inclination angle of the lead-in section (ay) and the seeding section are crucial,
as it directly influences the direction of the resultant force (F). If F' points toward the center, it can cause the
garlic clove to move radially, resulting in jamming and reduced sowing accuracy. To prevent this, the contact
between the garlic clove and point a is analyzed. Ensuring point a does not cause jamming guarantees that
as the clove contacts the ab section, the angle between the force and the suction hole center increases, thus
avoiding jamming. By appropriately setting the a; angle, A; > 0 is maintained, ensuring smooth guidance of the
garlic clove, as shown in Figure 5(a).

a) Analysis of the inclination angle of the lead-in section b) Analysis of the tilt angle of the delivery section
Fig. 5 - Garlic clove contact profile analysis

Geometric analysis of garlic clove contacting point a in the lead-in section:
X;
tang, = -+
4 X
0 il
= arccos—
3 = (8)

M= P+0,+63-90

where: 64- the angle between ok and the horizontal direction,®; 1, - the angle between ok and F, °;
X1, X2 - horizontal distance and vertical distance between k& and O, mm.

Experimental measurements showed that for varying size ranges x; and x>, 62 = 60°, and ; ranged from
20.5° - 25.6°. Substituting 8; and 8; into formula(13), when 4,>0, the value range of a; is 2.3° - 8.6°.

If B < ai, misguidance occurs ; if 8 > a;, root engagement fails, altering torque. 8 must position the force

below the suction hole while ensuring root contact, as shown in Figure 5(b). For 4, > 0, B ranges from 10° to
30.3°. To avoid misdirection, 8 < 18.5°, setting the bc section's inclination between 13° and 19.5°.
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Experimental materials and equipment

The JPS-12 sowing bench test, with a modified air control system, positioned the negative pressure zone
and seeding point 30° below the horizontal plane, as shown in Figure 7. Garlic cloves, categorized by
thickness—A (12-15 mm, 30%), B (15-18 mm, 41%), and C (18-21 mm, 25%)—covered 96% of Jinxiang
samples (Li et al., 2022). The guide cam and hopper are 3D printed using resin.

Fig. 7 - Bench testing of metering devices
1 - Metering device; 2 - Guide cam; 3 - Falling into the hopper in an upright position; 4 - Equipment Controls.

Test methods

(1) A five-factor, three-level design experiment was conducted in a stable environment with initial trials
to determine a;, 8, Dx, Dy and Dz ranges. The optimal parameter combination was determined using the upright
orientation rate (Y7) as the evaluation index. The experimental structure code is shown in Table 1.

Table 1
Table of factors and levels
Factors
L Angle of the . I . .
evel | Angle of the lead seeding section, B Lateral distance, Longitudinal Vertical distance,
in section, ar /° /o ’ Dx/ mm distance, D,/ mm D:/ mm
-1 3 13 140 125 9
0 15 145 130 11
1 7 17 150 135 13

(2) Based on the experiment (1), a bench high-speed operation performance comparison test was
conducted on the seed meter with and without additional guides. A two-factor experiment tested negative

pressure across 10 gradients (-8.5 to -13 kPa) and rotational speed at 4 levels(6-9 rad/s).

The upright orientation rate(Y7) evaluated the guide cam's effectiveness:

v, =™ . 100%
Q

9)

where: m;- the number of buds falling into the receiving hopper with the buds pointing upwards;
Q - total number of garlic cloves.

RESULTS

Analysis

of test results

The results of the orthogonal test are shown in Table 2, where A, B, C, D, and E are structural coding
values. Each group of tests was performed 4 times to obtain the average value.

Table 2
Experimental program and results
Number Factors Indicators Number Factors Indicators
A B (o D E Y1 A B (o D E Y1
1 -1 -1 0 0 0 92.6 24 0 1 1 0 0 95.8
2 1 -1 0 0 0 88.6 25 -1 0 0 -1 0 91.8
3 -1 1 0 0 0 94.5 26 1 0 0 -1 0 85.6
4 1 1 0 0 0 85.4 27 -1 0 0 1 0 88.8
5 0 0 -1 -1 0 93.8 28 1 0 0 1 0 82.4
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Factors

Number Indicators Number Factors Indicators
A B (o3 D E Y1 A B C D E Y1

6 0 0 1 -1 0 94.6 29 0 0 -1 0 -1 93.6
7 0 0 -1 1 0 91.2 30 0 0 1 0 -1 94.2
8 0 0 1 1 0 90.2 31 0 0 -1 0 1 89.6
9 0 -1 0 0 -1 90.5 32 0 0 1 0 1 89.2
10 0 1 0 0 -1 93.4 33 -1 0 0 0 -1 88.6
11 0 -1 0 0 1 87.2 34 1 0 0 0 -1 84.5
12 0 1 0 0 1 82.6 35 -1 0 0 0 1 87.6
13 -1 0 -1 0 0 93.8 36 1 0 0 0 1 82.8
14 1 0 -1 0 0 86.1 37 0 -1 0 -1 0 92.6
15 -1 0 1 0 0 94.6 38 0 1 0 -1 0 93.8
16 1 0 1 0 0 86.8 39 0 -1 0 1 0 88.4
17 0 0 0 -1 -1 91.2 40 0 1 0 1 0 87.6
18 0 0 0 1 -1 92.4 41 0 0 0 0 0 95.6
19 0 0 0 -1 1 87.6 42 0 0 0 0 0 96.9
20 0 0 0 1 1 85.8 43 0 0 0 0 0 92.8
21 0 -1 -1 0 0 95.5 44 0 0 0 0 0 96.2
22 0 1 -1 0 0 92.6 45 0 0 0 0 0 97.4
23 0 -1 1 0 0 94.8 46 0 0 0 0 0 98.7

The test results were analyzed using Design-Expert software to establish a quadratic regression model
for the upright orientation rate (Y7). The model's significance was verified through Anova and regression
coefficient tests, the results showed that the most significant factors were A, D, and E, Results are presented

in Table 3. The responses between the important factors and their effects on Y; were analyzed by completing
the response surface, as shown in Figure 8.

Table 3
Measured test data from variance analysis
Sources Sum of Squares | Degrees of Freedom Mean Square F-value P-value
Models 722.36 20 36.12 11.65 <0.0001 *
A 156.88 1 156.88 50.99 <0.0001 *
B 1.27 1 1.27 0.4082 0.5287
C 1.00 1 1.00 0.3225 0.5752
D 36.60 1 36.60 11.80 0.0021*
E 81.00 1 81.00 26.12 <0.0001 *
Lack of Fit 57.45 20 2.87 0.7154 0.7325
Pure Error 20.07 5 4.01 R? 0.9131

Note: * means extremely significant (P < 0.01)

%
-
1=}
S

The upright orientation rate/

te/%

The upright orientation ra

5o 133
Socy, 1357
Ty A%

S,
7y, 135 9

a) Ec(A,D)

b) Ec(A,E)

c) Ec(D,E)

Fig. 8 — Bench testing of metering devices
Optimization of the model by parameter combination with Y7 taking the maximum value of a;=5°, =15,

Dx=140mm, Dy=128mm, Dz=9mm. Verification tests with these parameters resulted in an average uprightness
of 96.8%, which was determined to be the optimal parameter.
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Comparative test

Table 4 compares the performance of devices K and T under varying pressures and speeds. Device T's
upright rate rose and then fell with increasing pressure; low pressure caused unstable C-size clove adsorption,
while high pressure impeded posture adjustment. Optimal rates (>92%) were achieved at -10 to -12 kPa.
Device K's upright rate stabilized at -10 kPa after an initial rise.

Table 4
Comparison of the qualified index of K and T seeding devices (Short version)
Working 8.5kPa -9 kPa -9.5kPa -10 kPa -10.5 kPa
speed (n)
/ K | T A K| T | A K | T A | K| T |a | K| T|a
(rad/s)

6 66.3 | 672 | -09 | 712|702 | 10 | 722|764 | -42 785|826 | -41 | 824|884 -6.0
7 63.2 | 612| -2 | 688|706 | -18 | 758|780 | -22 | 79.0 | 838 | -48 | 84.2 | 90.2 | -6.0
8 542 | 580 | -38 | 634|604 | 30 |60.2|618| -16 |68.3|73.0| -47 | 76.3 | 84.6 | -8.3
9 50.3 | 486 | 1.7 | 502|494 | 0.8 | 552|564 | -12 | 680|704 | -24 | 702|784 | -8.2

Working -11 kPa -11.5 kPa -12 kPa -12.5 kPa -13 kPa
speed (n)
/ K T A K T A K T A K T A K T A
(rad/s)

6 82.6 | 934 |-10.8| 86.2 | 95.6 | -9.4 | 82.0 | 94.6 | -12.6 | 86.5 | 92.8 | -6.3 | 82.0 | 89.6 | -7.6

7 835|935 |-100| 876 | 988 |-11.2| 885 | 979 | -94 | 876 | 944 | -6.8 | 86.2 | 95.2 | -9.0

8 835|908 | -7.3 | 86.4 | 96.6 |-10.2 | 83.4 | 94.2 | -10.8 | 84.4 | 914 | -7.0 | 81.3 | 90.6 | -9.3

9 824|914 | -9.0 | 856 | 95.8 |-10.2| 854 | 940 | -9.6 | 84.6 | 926 | -8.0 | 83.4 | 925 | -9.1

Note: K represents the upright rate of the bud tip without a guide cam (%), T represents the upright rate with a guide cam (%), and A is
the difference between the two rates (%)

As shown in Table 4, the difference in the vertical rate (A) highlights the guide cam's impact on seeders
T and K. Aincreases and then decreases with pressure changes. At -8.5to -10 kPa, | A| <5%, showing minimal
impact. Between -10 and -12 kPa, A reaches up to 10%, significantly improving the vertical rate. At -11.5 kPa
and 7 rad/s, the T seeder achieves a vertical rate of 98.8%, with A at -11.2%, confirming the guide cam's
superior performance.

CONCLUSIONS

The traditional air-absorbing garlic clove metering device has been improved by adding a guiding cam to
control the orientation of the garlic cloves so that the bud tips are discharged in an upward direction, which
improves the stability of the sowing and meets the agronomic requirements. The analysis of garlic clove size
and attitude determined the key parameters: introduction angle a; = 5°, thickness D = 4 mm, and seeding
section inclination 8 = 15°, Dx=140mm, Dy=128mm, Dz=9mm, enabling effective posture adjustment.
Validation experiments showed the guide cam significantly improved upright rates. At -10.5kPa, the upright
rate difference (A) exceeded 5%, reaching (A) to 10% at -11 to -12kPa. At -11.5kPa and 7 rad/s, the upright
rate peaked at 97.2%, 11.2% higher than without the guide cam, confirming its design effectiveness.
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ABSTRACT

To address the issue of reduced comfort and operational accuracy in tractors caused by the clutch engagement
process in combination with automatic transmissions, dual-clutch transmissions, and hybrid power tractors, a
new method is proposed that considers both the slipping process and synchronous instantaneous control at
the moment of engagement. In this method, the optimal engagement process model of the clutch considering
the clutch sliding process and synchronous instantaneous control was established, and the optimal trajectory
of the clutch engagement process was solved based on the pseudo-spectral method. Then, the optimization
results were compared with those obtained without considering the synchronous instantaneous. The results
show that the proposed method considering the sliding process and synchronous instantaneous constraint
can reduce the frictional loss of the clutch by 9%, and suppress the impact to below 10 m/s3. Finally, this
method was applied to the control of tractor starting up, gear shifting and hybrid power mode switching
processes. Simulation results demonstrate that this method can be effectively applied to these three operating
conditions.

WE

IMFRTFBL 1 5) 3 5 X B 7 s BB s FIE 550 77 5 10 LB 7 s 14 6 2 R -G 2L 7090 L AT 1 R e 1
MEHET, F2H] TP 1878 B FE R 2 BE I A I B 2720 752772, BT T 518 (8 G i B FE I A
BFIEIFE 0 B G as R I AL FER Y, TFRE T Ly R T %5 2 i 2% er A FEHI R LI 2 R, F i)
DL FEFIFTAEBE I 2R L1 7772 A 188 7 AR BFEIFNE 9%, I A I di BEIT2Y 10 mis® LU RE, #F
Z NI TIPS B & 50 7RI B FERTIE ], (7 RZTRAE], 2 7 i BERAF P T L8
=LA

INTRODUCTION

As a key component in the tractors' driveline, the clutch has important impact on the comfort of the vehicle
during start-up, shifting and mode switching of hybrid vehicles (Fig.1) (Park et al, 2021; Van Berkel et al, 2014;
Lu, 2012; Li et al, 2020; Minh et al, 2012). To ensure smooth driving and prolong the service life of components,
the clutch is supposed to be engaged quickly and smoothly during the start-up, shift and mode switch process
of tractors equipped with automatic transmission and hybrid-driven driveline (Gavgani et al, 2016; Zhao et al.
2016; Fu et al., 2016). Researches have shown that the fast and smooth engagement can be obtained by
controlling the drive and driven disc of the clutch to engage in a certain trajectory (Zhao. et al., 2016).
Therefore, it is necessary to optimize the engagement trajectory of the clutch.

! Dongyang Wang, Lecture, Ph.D. Eng; Weipeng Zhang, Senior engineer Ph.D. Eng; Jiangtao Ji, Prof. Ph.D.Eng;
Zuohua Dong, Senior engineer, M.S. Eng; Hongmei Zhu, Assoc. Prof. Ph.D. Eng; Zhanyu Li, Assoc. Prof. Ph.D. Eng.
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Fig. 1 - Typical driveline in the tractors

For the optimization of clutch engagement trajectory, many experts and scholars have carried out
extensive and in-depth research. Peng.et al., (2009), proposed a clutch engagement curve correction algorithm
based on optimization theory, which corrects the original curve by judging the Hamilton function on the basis
of the basic structure of the original curve. However, this method only analyzed the situation of the initial speed
of the driven disc as 0, they did not analyze the gear shift process and the mode switch process of hybrid
vehicles. To solve the problem of the variability of clutch engagement trajectory under uncertain factors such
as system parameter perturbation and external load disturbance, Li et. al., (2018), proposed an optimization
method which take the frictional loss and jerk as the optimization goal, and solve the optimization problem by
using the Pontryagin theory. The result showed that, this method can reduce the frictional loss of the clutch
during its engagement process, but the method did not solve the jerk of the synchronous instantaneous of the
clutch. Li et. al., (2018), optimized the shifting process with optimal control theory, and designed a linear
guadratic optimal controller for the torque phase and the inertial phase. The results show that this method can
reduce the jerk of torque phase and inertia phase during gear shifting process. To reduce the vibration during
the inertial phase of the clutch engagement of shifting process, Lu.et al., (2014), proposed to use the model
predictive control method to control the inertial phase in the shifting process, and the results show that the
method reduces the inertial phase vibration in the vehicle shifting process while ensuring the minimum change
of the control amount in the shifting process. Mesmer et al. (2017, 2018), optimized the shifting process with
the goal of minimizing the shifting time and frictional loss, and designed the optimal trajectory tracking controller
for the shifting process by using the method of embedded nonlinear model predictive control, the simulation
and experimental results show that the method can obtain better shifting quality, but the instantaneous
synchronization of the clutch was not controlled in this study, resulting in residual oscillation on the drive shaft
after clutch engagement. Guo, (2017), analyzed the clutch engagement process of hybrid vehicles from pure
electric mode to hybrid drive state, he divided the clutch engagement process into two stages, slipping friction
phased and synchronization phase. He proposed to use the method of Laguerre function set to optimize the
control process of clutch engagement in hybrid vehicles, the results show that this method can reduce the
torsional vibration of the transmission system during the engine starting process of hybrid vehicles.

Making the clutch engage fast and smoothly is an important measure to improve the vehicle start-up,
shifting and hybrid vehicle mode switching process (Wurm et al., 2016, Kim et al, 2017), in view of the problems
of synchronous instantaneous jerk existing in the current research, a method combining process control and
terminal constraints was proposed.

The frictional loss and jerk during the clutch engagement process were chosen as the optimization goals
during the slipping phase. In addition, the same acceleration of the drive and driven clutch was set as the
terminal constraint. The pseudo-spectral method was used to solve this optimization problem, and the
proposed method was applied to the start-up, shifting, and mode-switching processes of the hybrid vehicle.

MATERIALS AND METHODS

Modeling the clutch engagement process

In practice, the working state of the clutch is divided into two types, engagement and disengagement.
During the engagement process, the actuator pushes the clutch driven disc move to the drive disc, and the
disc rubs against each other to transmit the torque, which can be illustrated in Figure 2.
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Assuming that the input torque is Tin, the torque transmitted during slipping phase is T., and the
resistance clutch is Ty, according to Newton's second law, the clutch engagement process can be modeled (Li,
J., 2016).

Ji J>

Fig. 2 - Model of clutch engagement process

Jo=T -T
1 l n C (1)
‘]Za)Z :Tc _Tr

Take x = [wy, w,, w; — w,, Ty, T,]T as the state variable, u = [T, T.]” as the control variable, the model of
the clutch engagement process can be transferred into state space equation.

Xl :%1()(4_)(5)
X, :%Z(XS—Tr)

Xy =X — X, )
Xy =y
X, = U,

where, J1 is the inertia of drive disc of clutch, J; is the inertia of driven disc of clutch, w; is the rotation speed
of clutch drum and w> is the rotation speed of clutch hub.
Indicators for clutch engagement process
1. Jerk. In the longitudinal dynamics of the tractor, the jerk (the change rate of longitudinal acceleration)
is generally used to reflect the comfort of the tractor during acceleration. Moreover, the jerk can be represented
by equation (3). When the value of the jerk is less than 10 m/s2 during clutch engagement process, the tractor
can get good comfort during acceleration (Fu et al., 2016).

J._da_ 1d(T,-T,)
dt J,  dt
To prevent the clutch from generating a large jerk during the engagement process, it is generally
necessary to control change rate of the transmitted torque T, when the clutch engages.

®3)

2. Frictional loss. The frictional loss of the clutch during the engagement process can be measured by the
slipping work, it reflects the degree of the wear of the clutch during the engagement process. Therefore, it is
necessary to control its slipping work during the clutch engagement process, and the clutch slipping work can
be measured with equation (4).

tE
W = L T, |o, — w,[dt (4)
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Wherein, W is the clutch slipping work, ts is the time when the clutch starts to slip with each other, and
te is the time when the clutch engaged totally.

During clutch slipping phase, it is generally required that the frictional loss and jerk to be as small as
possible. Meanwhile, it is important to control the jerk caused by the synchronous instantaneous. According to
the above requirements, the optimization goal of the clutch engagement process can be established.

= [* 2uidt+ 2, [T, |, — o, ot 5)

where, 11, 42 is the weight coefficient, U; is the control variable. The objective function consists of two parts.
The first part is the sum of squares of the torque change rate, which represents the limit of the torque change
rate during the clutch engagement process; it also represents jerk control. The second part is expressed as
the frictional loss during the clutch engagement process. In addition, keeping the acceleration of the two discs
at the moment of synchronous can reduce the jerk generated by the clutch engagement synchronous
instantaneous.

Based on the above objective function of the clutch engagement process, the clutch engagement
process can be converted into an optimization problem, which can be expressed as equation (6).

. t, t,
min J(x(t),u(t)t) = [~ Auidt+ [T, |o; - o, dt
x=f(xu,t)

Xl(te)_xz(te)zo

Xl(te)_xz(te) =0 (6)
st Tin_min STin STin_max

T <T.<T

c_min — C_max

X1_min < Xl < Xl_max
X <X, <X

2_min —

2_max

wherein, Tin_min is the minimum of the input torque, the Tin_max is the maximum of the input torque, the T¢_min is
the minimum torque transmitted during the clutch slipping process, the T¢ max is the maximum torque
transmitted during the clutch slipping process, the X1 min is the minimum speed of the clutch drum, the X1 max is
the maximum speed of the clutch drum, the Xz min is the minimum speed of the clutch hub, and the X2 max is the
maximum speed of clutch hub.

It can be seen from the above optimization problem that this problem is an optimization problem with
terminal constraints, especially for the clutch synchronous moment, the constraint problem of the acceleration
of the main and slave disks. For optimization problems with terminal constraints, the general analytical method
is difficult to solve, therefore, this paper uses the numerical solution method to solve.

When solving optimization problems with terminal constraints, pseudo-spectral method uses global
interpolation polynomials to approximate state variables and control variables on a series of discrete points,
and converts differential equation constraints into algebraic constraints by introducing pseudo-spectral
difference matrices similar to finite difference matrices, and then solves nonlinear optimization problems with
complex constraints. According to different distribution methods, pseudo-spectral methods can be divided into
Legendre pseudo-spectroscopy, Radau pseudo-spectroscopy, Gauss pseudo-spectroscopy and Chebyshe
pseudo-spectroscopy (Feng.et al, 2023).

Radau pseudo-spectroscopy (RPM) is a numerical solution algorithm for solving nonlinear optimization
problems. The basic idea is to discretize first and then optimize. Firstly, the unknown state quantity and control
guantity to be solved are discretized at a series of Legendre-Gauss-Radau (LGR) points, and then the state
variables and control variables are approximated by constructing global interpolation polynomials, and the
original kinetic differential equation is replaced by derivation of the state variables, the optimization problem of
continuous system is discretized into a series of algebraically constrained nonlinear optimization problems,
and the nonlinear optimization problem of algebraic constraint is solved by numerical solving algorithm.

Radau pseudo-spectral optimization problems can be divided into the following steps (Feng et al, 2022).
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1) Time domain transformation:
To satisfy the time domain of the Legendre orthogonal polynomial, it is necessary to convert the time

domain in the optimization problem to the standard time domain [-1,1], and the variable 7 represents the
transformed time variable.

2—(t; +t)
) tf _tO

T
(7)
2) Polynomial approximation of state variables and control variables

Based on the normalized time variable, the Lagrange interpolation polynomial is used to approximate
the state and control variable.

N+1

X(T)zx(T)ZjZ:;Xj'—j(T)

U(T)QU(T)=JZ=;U1'-1 (7)

(8)
wherein, Lj(z) is the Lagrange interpolated polynomial.
Nl 77 .
LJ (T):H Y J:].,...,N+1
i1 Tj T
i#] (9)

wherein, t1,..., 7n IS the root of the Legendre polynomial, and zn+1 is the unconfigured node, which represents
the end time.

3) Polynomial approximation of differential equations
Based on the approximation of the state quantity, the approximate state variable can be derived.

dX t -1

— = f(X(7),U(7), 7
-5 (X)) (10)
dXx . k+1 X
o = X(O)=2XL(7)
=1 (11)
Substituting Equation 11 into 10 and discretizing at the LGR point, equation (12) is obtained.
N+1 tf _tO
Z X;D; _Tf (X(z’),U(r),r)zO
1= (12)

where Dj; is the differential matrix of the Radau pseudo-spectral method, and it can be expressed by equation
(13).
h(z:
_hm)
(ri —rj)h(ri)
Dij =3 .
h(z)

2h(z;) =)

(13)
After the conversion of the above steps, the optimization problem of the clutch engagement process can
be expressed by equation (14).

mind = [ 1(x(r).u(z))d

SUX Dy 0 (X (7).U (7),7) =0

Z X,Dj -
s.t. C:eq (X(T),U(z’)) =0
Cieg (X(7).U()) <O
#(X(20).U(z0). X(r ) u(z¢ ) 70,7 ) =0 (14)

where, 1(X(z), u(z)) is the stage value function in the clutch engagement process. Ceq is the equality constraint,
Cieq is the inequality constraint, and ¢ is the terminal constraint.
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Thus, the optimization problem of continuous system is transformed into a series of nonlinear
programming problems with algebraic constraints, and the discretized algebraic optimization problem is solved
by using the sequence quadratic programming (SQP).

RESULTS

To test the effectiveness of the algorithm. The Optimization results were compared with the results
obtained without considering the terminal constraint case.

Case 1. With terminal constraints

In this case, the engagement of the clutch for start-up was optimized. The initial speed of the clutch
hub was set to be 0 r/min, the speed of clutch drum was set to be 764 r/min. The optimization problem
was solved with GPOPS. The optimized engagement trajectory is shown in the Figure 3 illustrating the
rotation speed of the clutch drum and hub. It can be seen from this figure that the rotation speed of the
clutch hub increases gradually. The rotation speed of the clutch drum is kept as low as possible to keep
the speed difference between clutch drum and hub at a small value because the objective function
requires the frictional loss as small as possible. The clutch drum has small fluctuation at the
synchronization stage to make the acceleration of the drive and driven disc tend to be consistent. When
synchronized, the acceleration of the drive and driven disc is the same, as shown in the enlarged section
in Figure 3a.
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Fig. 3 - Clutch engagement trajectory optimized by pseudo-spectroscopy

Figure 3b shows the frictional loss during the engagement process. It can be seen from Figure 3b
that the frictional loss is 10.12x105J. Figure 3c shows the value of the jerk during the engagement process,
and it can be seen from Figure 3c that the value of the jerk is less than 10 m/s3® during the entire
engagement process of the clutch, and at the moment of clutch synchronization, although the value of the
jerk is larger, it is still less than 10 m/s3.

2. Case 2. Without terminal constraints

To check the effectiveness of the optimal problem that considers the process constraints and terminal
constraints, the optimal problem without terminal constraints, which is mostly used in the optimal problem
for clutch engagement process was also solved.

(a) - b) ©

=
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0 0!
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Fig.4 - Optimization results of clutch engagement process without considering terminal acceleration constraints

Figure 4 shows the results without considering the terminal constraint, Figure 4a is the rotation
speed of the clutch drum and hub. It can be seen from the figure that the rotation speed of the clutch drum
increases at first and then quickly decreases to the lowest value of the engine to make difference of the
clutch drum and hub to be smallest during the whole engagement process. The rotation speed of the
clutch drum was not adjusted at the synchronization stage, so the acceleration of the clutch drum and hub
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was inconsistent, as shown in the enlarged section of the figure. Figure 4b shows the frictional loss during
clutch engagement, and it can be seen from the figure that the frictional work is 11.1x105J, which is higher
than the values produced by the pseudo-spectroscopy. Figure 4c shows the value of the jerk during the
engagement process. It can be seen from the figure that the maximum values of jerk exceed 10 m/s® at
0.25 s, 0.6 s and synchronization moment. Compared with the optimization without considering terminal
constraints, the frictional loss is reduced by 9%, and the jerk is less than 10 m/s3.

From the result of optimization with terminal constraints and without terminal constraints, it can be
seen that the rotation speed of the clutch hub gradually increases, and the rotation speed of the clutch
drum has been running at a lower value to keep the difference between the clutch drum and hub at a
smaller value, so as to minimize the slip loss. Wherever, the rotation speed of the clutch drum was
adjusted, and during the adjustment period, it resulted in two large jerks (0.25 s,0.6 s) during the
engagement process.

Meanwhile, the rate of change of the torque transmitted by the clutch is constrained in the value
function, resulting in a smaller value of the jerk throughout the clutch engagement process. When the
terminal constraint is considered, the process constraint and the terminal constraint are both applied,
resulting in a smaller jerk during the clutch engagement process, while if only the process constraint is
applied without the terminal constraint, the clutch not only experiences a larger jerk at the slip phase, but
also at the moment of synchronization.

Clutch engagement trajectory optimization under different operating conditions
(1) Start-up process

In vehicles equipped with automatic transmissions, the clutch driven disc starts at zero and the
rotation speed of drive disc is limited by the minimum engine speed. Therefore, the cultch engagement
process during the start-up process is optimized with the condition that the initial speed of the driven disc
is zero.

Figure 5 shows the optimization curve of the clutch engagement process in the vehicle start-up
process. To validate different start-up situations that are often present, three different start-up times was
setto be 1.5 s, 2.0 s and 2.5 s, respectively. The optimization result is shown in Figure 5. It can be seen
from the figure that the rotation speed curve of the driven disc is a smooth curve, and when the clutch is
about to synchronize, the acceleration of the drive and driven disc is consistent, thus ensuring that the
clutch has a small jerk during the slipping process and the synchronization moment.
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Fig. 5 - Start-up process, clutch engagement process optimized
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Fig. 6 - Optimal engagement curve of the clutch during the upshift process
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Unlike in the vehicle starting process, the initial speed value of the clutch driven disc is not zero
during the shifting process. In this study, the upshift process was taken as an example. During the upshift
process, the initial speed value of the driven disc is not zero, and the speed of drive disc is higher than
the speed of driven disc of the target gear.

To simulate the upshift process of different gears, the shift process time is set to 0.5 s, and three
different gear values are set, the corresponding gear ratios are 1.2, 1.5, 1.8, respectively and the clutch
driven disc speed value is set to 955 r/min. The optimization process of the optimal engagement path of
the clutch in the upshift process under different transmission ratios is shown in Figure 6. From the figure,
it can be seen that the drive disc speed decreases actively, the driven disc speed rises gradually, and at
the end of the shift, the rotation speed of the drive and driven disc were consistent, and the angular
acceleration value is the same at the same time.

Mode switching situation in the hybrid tractor

In parallel hybrid tractors, at high speeds, the engine is usually used to drive the vehicle directly to
reduce the overall energy consumption. Parallel hybrid vehicles require clutch control when the engine
intervenes to prevent sudden engine intervention and vibrations in the driveline. For the parallel hybrid
vehicle, a small generator is used to drive the engine to start when the parallel hybrid vehicle engine is
involved, and the speed of the engine is adjusted to be slightly higher than the speed of the clutch driven
disc, meanwhile, the difference between the speed of drive and driven disc is small so that the clutch can
be engaged smoothly and quickly when engaged. To verify the applicability of the method in the clutch
engagement process of mode switch process, three different small speed differences were set to be 48
r/min (5 rad/s), 95 r/min (10 rad/s) and 144 r/min (15 rad/s), respectively, and the engagement time of the
clutch was set to be 0.5 s, the optimization results are shown in Figure 7. It can be seen from Figure 7 (a)
(b) that the rotation speed of driven disc increases gradually, the speed of the drive disc decreases
gradually, and there are some fluctuations when the speed of the drive disc decreases, the reason for this
fluctuation that the difference between the drive and driven disc is small, is that the engine needed to be
adjusted to make the acceleration of the drive and driven disc be consistent. For the large value of the
difference between the drive and driven disc, the engine speed can be smoothly reduced, which can be
seen in Figure 7c, and the acceleration of drive and driven disc can still be consistent at the
synchronization moment.
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Fig. 7 - In hybrid systems, the clutch engages the optimal curve when the engine is involved

CONCLUSIONS

In this study, an optimization method that considers the slipping phase and synchronization moment of
the clutch engagement was proposed. The frictional loss and jerk during the slipping phase were considered
and the jerk at the moment of clutch synchronization was also considered as well, and the clutch engagement
process was transformed into an optimization problem with terminal constraints. To solve this problem, the
pseudo-spectral method was used and the optimization result was compared with the optimization method
without considering the terminal constraints, and the results show that the frictional loss can be reduced by
9% and the jerk is lower than 10 m/s® by using the pseudo-spectral method considering the terminal constraint
method, and this method was applied to the start-up, shift and mode switch process of the hybrid driveline.
The results show that the method can ensure that the acceleration value of the clutch drum and hub tends to
be consistent when the clutch is synchronized, which will reduce the residual oscillation on the drive shaft after
clutch engagement (Petrescu et al, 2018).
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This study optimizes the engagement trajectory of the clutch engagement process in terms of jerk and
frictional loss, and solves the problem of jerk at the moment of clutch synchronization. However, the efficiency
and energy consumption of the engine/motor connected to the clutch drum during its adjustment in the clutch
engagement process have not been considered. In future work, the overall energy consumption of the process
will be thoroughly analyzed. Additionally, a test rig will be developed to validate this method, and a novel control
approach for tracking the optimal trajectory will also be explored.
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ABSTRACT

Aiming at the complexity and insufficient adaptability of current weeding devices for ridge tillage, this paper
presents the design of a clamping-shear weeding device that mimics the hand-grabbing motion. Through the
force analysis of the weed root system, the optimal shovel surface inclination angle is determined to be
10°~40°. To ensure the sliding cutting condition, the shovel blade angle is calculated and determined as 30°.
Based on the Mohr-Coulomb shear theory, the shovel width is set at 50 mm. A single-factor test was conducted
with the soil penetration depth of 40 mm and the clamping-shear speed of 4 cm/s, the results showed that the
weed removal rate was over 85% and the crop injury rate was less than 6%. The optimal performance was
observed with the shovel inclination angle of 30°.
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INTRODUCTION

Ridge tillage is one of the important farming methods in China, cultivating numerous food crops and
supporting significant benefits to society, ecology, and economy (Liang et al., 2022). However, weeds grow
disorderly on the ridges and compete with crops for sunlight, water, and nutrients, resulting in a decrease in
crop yield and quality, causing huge losses to the agricultural economy (Li et al., 2022; Ahmad et al., 2020).
To reduce labor costs and minimize environmental pollution, mechanical weeding is considered an ideal
method (Fang et al., 2022; Dilipkumar et al., 2020). According to different weed operating areas in the field,
mechanical weeding can be divided into intra-row weeding and inter-row weeding (Bing et al., 2021). Since
intra-row weeds are closer to crops, there is a higher risk of damaging crops when removing weeds. Therefore,
intra-row weeds are more difficult to control than inter-row weeds (Longzhe et al., 2021). At present, the
optimization and innovation of intra-row weeding devices have become the research and focus of many
scholars.

From the perspective of function, intra-row weeding devices can be divided into those that cut weed
roots, those that separate weeds from soil, and those that combine both functions. Devices that cut weed roots
mainly include rotary discs (Pérez-Ruiz et al., 2011) and swing hoes (Huang et al., 2012). The rotary discs
were used earlier, and the weeding blades reciprocated rotating between crops to achieve the two actions of
avoiding crops and weeding. They have a simple structure, but they cannot separate weed roots from the soil,
therefore, weed control is not effective. The swing hoes mainly use the reciprocating swing of the weeding
blades to achieve the actions of avoiding crop and weeding. The structure of this device is relatively compact
and the crop injury rate is low, but current models use the pneumatic system to drive the swing weeding shovel,
and the supporting power system is complex and heavy, making it unsuitable for lightweight operations.
Devices that cut weed roots offer good crop-avoidance performance and minimize the risk of crop damage.
However, the roots remain in the soil, leading to incomplete weeding. Devices that separate weeds mainly
include finger weeder (Riemens et al., 2007), brush weeder (Ziwen et al., 2015), torsion weeder (Cirujeda et
al., 2013) and cycloid hoe (Hu et al., 2012). The first three are relatively common weeding devices, but they
can only remove weeds with shallow root systems and have a high risk of damaging crops; the cycloid hoe is
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also a commonly used weeding device. Research on the cycloid hoe intra-row weeding device conducted by
Hu Lian et al (Hu et al., 2012) shows that the weeding effect is remarkable and the damage to crops is less
than 8%. However, the cycloid hoe structure is complex, the maintenance cost is high, and the control is
difficult. Weeding devices that separate weeds can completely remove weeds from the soil, but there is a
certain risk of damaging the crops. The main hybrid weeding devices include the rotary hoe (Qinsong et al.,
2022). This device uses the rotation of the rotary hoe, and the needle teeth penetrate the soil to cut the weed
roots and take them away from the soil. The hybrid type has a better weeding effect. However, the mechanism
is generally complex and the production cost is high.

In summary, most existing intra-row weeding devices suffer from complex structures, poor adaptability,
high crop injury rates, and suboptimal weeding performance. To address these challenges, this paper designs
a clamping and shearing intra-row weeding device tailored for corn ridge fields, particularly for operations
during the 3-4 leaf stage. The design mimics the hand-grasping motion, with a parallelogram mechanism used
in the finger component to reduce drive elements and simplify the device's structure. The weeding device is
mounted on a six-axis robotic arm, leveraging the arm's multi-degree-of-freedom and flexibility to perform crop-
avoidance and weeding tasks. This enhances the device's field adaptability and minimizes crop damage. Key
parameters are designed, and the device's effectiveness is validated through tests using crop injury and weed
removal rates as evaluation indexes.

MATERIALS AND METHODS
Weeding device design
Weeding field environment

Ridge tillage is the most common farming method in China, with ridge parameters varying by region.
In plain areas, ridge heights (H) range from 160~350 mm, ridge spacing (D1) from 500~1000 mm, ridge top
width (W1) about 300 mm, and ridge bottom width (W2) about 600 mm. Taking 3~5 leaf stage corn field as an
example, the intra-row ridge spacing (D2) is about 240~300 mm, with the planting ridge parameters shown in
Fig. 1. Weeds grow unorderly on the ridges. While tillage can effectively remove weeds between rows, intra-
row weeds must be removed precisely to avoid accidentally damaging crops. According to field surveys and
relevant literature (Fujun et al., 2018), weed roots typically extend about 20 mm below the surface, while corn
roots at the same depth have a radial spread of about 50 mm. To protect crop roots, the diameter of the crop
protected area is set to 60 mm.

Inter-row weed
Intra-row weed

Crop protected area

Fig. 1 - Ridge parameters

Weeding device configuration design

A human-like mechanical gripper is highly effective at grasping various objects due to its flexibility and
adaptability (Bircher et al., 2021). Inspired by this, the weeding device in this paper is designed using the
human hand as a bionic prototype. The human hand's structure primarily consists of an open kinematic chain
with a series of moving and rotating joints. The configuration of the weeding device is divided into two main
parts: the fingers and the palm. The fingers consist mainly of rotating joints, while the palm features moving
joints. Key considerations in designing the fingers include the number and structure of the bionic fingers.
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Having too many bionic fingers can complicate the structure and make control more difficult. Therefore, the
number of bionic fingers should be minimized, provided the weeding function is maintained. For the palm,
important factors include the connection between the palm and fingers, as well as the layout of the bionic
fingers on the palm.

The configuration of the bionic weeding device designed in this paper is shown in Fig. 2. The device
features four fingers, each with two degrees of freedom, comprising two joints and two connecting rods. The
joints control the rotation angles of the connecting rods, allowing the fingers to bend by adjusting these angles.
The fingers are symmetrically distributed on either side of the palm, which has one degree of freedom. The
connection between the fingers and the palm is achieved through a slider pair, enabling the fingers to open
and close.

joint 1

linkage 2

/ joint 2

_— linkage 1

Fig. 2 - Weeding device configuration diagram

Weeding device structure design

Based on the configuration design described in the section 2.2, each finger has two degrees of freedom.
To achieve full constraint, two drive elements are necessary. However, directly adding a drive element to the
second joint would result in a bulky finger structure and require a large driving torque. To address this, a multi-
link mechanism is employed for the single-finger design. By utilizing the characteristics of a parallelogram
mechanism, a revolute pair is added to introduce a constraint, allowing the avoidance of placing drive elements
at the second joint. This design makes the mechanism compact and lightweight. To further simplify the
structure, the two fingers on the same side are driven synchronously by a double-head servo. The distal end
of the finger, designed for weeding, is shaped like a cross-finger to closely mimic a human hand. The design
model of the finger mechanism is shown in Fig. 3.

)

Parallelogram linkage

Weed knife

Single-head servo

Fig. 3 - Finger design model

The design model of the palm is shown in Fig. 4. A single-head servo serves as the power source,
driving the fingers at both ends of the palm. The inward and outward opening and closing movements of the
fingers are achieved through a gear rack transmission mechanism.
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Gear
Connection plate : Rack
Guideway E

Fig. 4 - Palm design model

The overall structure of the weeding device is shown in Fig. 5. A double-head servo is connected to
the second connecting rod of the two fingers on the same side, providing the necessary driving torque. This
second connecting rod acts as a power arm, transmitting force to the weeding shovel via a parallelogram
mechanism, allowing the shovels on both sides to mesh inward. The fingers on the same side are mounted on
a shared slider, with a single-head servo driving their opening and closing along a guide rail through a gear
rack transmission, thereby enabling the claw's movement.

Fig. 5 - Overall structure of weeding device
(a). 3D diagram; (b). open state; (c). closed state
1.fixed plate; 2.connecting plate; 3.rack; 4.single-head servo; 5.weeding shovel; 6.connecting rod; 7.double-head servo; 8.slider

The principle of avoiding crop and weeding of the weeding device

The weeding device is mounted on a six-axis robotic arm, and the operation process is divided into
the avoiding crop process and the weeding process. The weeding operation is shown in Fig. 6.

(@)When the operation begins, the visual system first detects crops and weeds. If no weeds are
detected, the robotic arm positions the weeding components in the neutral position between the rows. When
the visual system detects weeds, a crop protection and a weeding areas are constructed.

(b) After identifying and locating the weeds, the robotic arm, receiving signals from the control system,
maneuvers the weeding device to bypass the crops and position itself over the weeding area at an appropriate
height, avoiding the crops.

(c) The weeding device’s two double-head servos rotate the second connecting rod, causing the
weeding shovels to move toward the center. The tips of the shovels penetrate and break the soil surface,
initiating the weeding process.

(d) Once the soil-breaking is completed, the double-head servos cease rotation. Then, the single-head
servos engage, rotating gears on a rack that slides the two clamping claws toward the center along the guide
rail. The weeding shovels advance into the field ridge at a fixed angle, continuing to break the soil. The root-
soil complex is then sheared under the combined effects of gravity and soil friction, gradually lifting along the
shovel surface as the shovels mesh, initially separating the weed roots from the soil. Once the shovels
completely mesh and shear the weed roots, the single-head servos stop.
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