
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

INMATEH - 

Vol. 55, No.2 / 2018 e: ISSN 2068 – 2239 

p: ISSN 2068 – 4215 

 

 

MAY - AUGUST 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

 



Vol. 55, No.2 / 2018  INMATEH –

 

 

 


 





INMA






✓ 

ICAR 

✓ 

ICAR

ICARGHEORGHE IONESCU ŞIŞEŞTI

✓ ICMA



✓ 

ICSITMUAMICM,ICMA

MAAICPMA MICM;

✓ 

INMAG.DICSITMUA, 

G.D  . G.D

✓ INMA

G.DANCS




SCIENTIFIC PAPERS (INMATEH), ISSN 

1583 – 1019.  

INMATEH - , 

 (ISSN 2068 - 4215), (ISSN  2068 - 2239). 



CNCSISAGRICU

LTURAL ENGINEERING:  









INMATEH - 




 







Vol. 55, No.2 /2018  INMATEH –

 

 

Managing Editorial Board - INMA Bucharest
 

Editor in Chief 

VLADUŢ Nicolae-Valentin  

Ph.D.Eng, SR I 

E-mail:  inmatehjournal@gmail.com 

 
Executive Editor 

 

POPA Lucreţia 

Ph.D.Eng, SR I 

Assistant Editor 

 

MATACHE Mihai-Gabriel 

Ph.D.Eng, SR I 

Logistic support, database 

 

MURARU Virgil, Ph.D.Eng, SR I 

ŢICU Tania, techn. 

 

Scientific Secretary 

Cârdei Petre, math. 

Official translators 

RADU Daniela-Cristina, Prof. English, French 

 

Editorial Board 

▪ Acad. Prof. Ph.D. TABĂRA Valeriu - Romania, President of 
ASAS - Academy of Agricultural and Forestry Sciences 
"Gheorghe Ionescu Şişeşti"; 

▪ Ph.D. BOGOESCU Marian - Romania, Vicepresident of 
ASAS - Academy of Agricultural and Forestry Sciences 
"Gheorghe Ionescu Şişeşti"; 

▪ Hon.Prof.Ph.D.Eng. PIRNA Ion - Romania, President of the 
Department of Agricultural Mechanization of ASAS - 
Academy of Agricultural and Forestry Sciences "Gheorghe 
Ionescu Şişeşti"; 

▪ Ph.D. Eng. NICOLESCU C. Mihai - Romania, Scientific 
General Secretary of the ASAS-Academy of Agricultural 
and Forestry Sciences "Gheorghe Ionescu Şişeşti"; 

▪ Assoc.Prof. Ph.D. Eng. BELC Nastasia - Romania, IBA 
Bucharest; 

▪ Ph.D. Eng. BUŢU Alina - Romania, INSB Bucharest; 
▪ Prof. Ph.D. Eng. PARASCHIV Gigel - Romania, P.U. 

Bucharest; 
▪ Prof. Ph.D.Eng. BIRIŞ Sorin - Romania, P.U. Bucharest; 
▪ Prof. Ph.D. Eng. VLASE Sorin - Romania, “Transilvania” 

University Braşov; 
▪ Prof. Ph.D.Eng. BURNETE Nicolae - Romania, 

Technical University Cluj Napoca; 
▪ Prof. Ph.D. Eng. FILIP Nicolae - Romania, Technical 

University Cluj Napoca; 
▪ Prof. PhD. Eng. VOICU Gheorghe - Romania, P.U. Bucharest; 
▪ Prof. PhD. Eng. GERGEN Iosif -Romania,USAMVB 

Timişoara; 
▪ Prof. Ph.D. Eng. ŢENU Ioan - Romania, USAMV Iaşi; 
▪ Assoc.Prof.Ph.D.Eng. BUNGESCU Sorin - Romania, 

USAMVB Timişoara; 

▪ Prof. Ph.D.Eng. FENYVESI László - Hungary, Hungarian 
Institute of Agricultural Engineering Godolo; 

▪ Assist.Prof.Ph.D.Eng. BILANDZIJA Nikola - Croatia, 
University of Zagreb; 

▪ Ph.D. BIOCCA Marcello - Italy Agricultural Research 
Council, Agricultural Engineering Research Unit; 

▪ Prof.Ph.D.Eng. MIHAILOV Nikolay - Bulgaria, 
University of Rousse; 

▪ Assoc.Prof.Ph.D.Eng. ATANASOV At. - Bulgaria, 
University of Rousse; 

▪ Assoc.Prof. Ph.D. ERTEKIN Can - Turkey, Akdeniz 
University Antalia; 

▪ Prof. Ph.D.Sc. Eng. VARTUKAPTEINIS Kaspars - 
Latvia, Latvia University of Agriculture, Institute of 
Agricultural Machinery; 

▪ ir. HUYGHEBAERT Bruno - Belgium, Walloon 
Agricultural Research Center CRA-W; 

▪ Prof.Ph.D. Eng. FABBRO Dal Inacio Maria - Brazil, 
Campinas State University; 

▪ Prof. PhD. Eng. DE WRACHIEN Daniele - Italy, 
State University of Milan; 

▪ Prof. PhD.Guanxin YAO - P.R.China, Along 
Agriculture R&DTechnology and Management 
Consulting Co., Ltd; 

▪ Prof. PhD. Eng. GONZÁLEZ Omar - Republic of 
Cuba, Central University "Marta Abreu" de las Villas; 

▪ Assist. Prof.Dr. KABAŞ Önder –Turkey, Akdeniz 
University. 

▪ Asist.Prof.Dr. SELVİ Kemal Çağatay - Turkey, 
Ondokuz Mayıs University. 

 

In the present, INMATEH - Agricultural Engineering journal is indexed in the next international databases: 

ELSEVIER /SciVerse SCOPUS,  CLARIVATE ANALYTICS’ 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. 55, no.2 / 2018 
NATIONAL INSTITUTE OF RESEARCH-DEVELOPMENT FOR MACHINES AND 

INSTALLATIONS DESIGNED TO AGRICULTURE AND FOOD INDUSTRY - 
INMA Bucharest 

6 Ion Ionescu de la Brad Blvd., sector 1, Bucharest 
 

Three issues per year, 
   e-ISSN: 2068 – 2239 
   p ISSN: 2068 – 4215 
 

Edited by: INMA Bucharest 

Copyright: INMA Bucharest / Romania 

 

mailto:inmatehjournal@gmail.com
http://www.info.sciverse.com/scopus


 

5 

 

CONTENT 
Page(s) 

1.  RESEARCH ON A BOILER FURNACE MODULE EFFECTIVENESS WORKING ON SMALL 

FRACTURE WASTES / ДОСЛІДЖЕННЯ ЕФЕКТИВНОСТІ РОБОТИ ТОПКОВОГО ПРИСТРОЮ 

КОТЛОАГРЕГАТУ НА ПАЛИВІ З ДРІБНОЗЕРНИСТИХ ВІДХОДІВ  

Prof.D.Sc. Golub G.A.1), Prof. D.Sc. Kukharets S.M.2), S.Lect. Ph.D. Tsyvenkova N.M.2), 

Teach. Assis. Grad.Stud. Golubenko A.A.2), Grad.Stud. Kalenichenko P.S.2) 
1)National University of Life and Environmental Sciences of Ukraine / Ukraine, 

2)Zhytomyr National Agroecological University / Ukraine 

9 

2.  DESIGN AND EXPERIMENTAL STUDY OF A RAPESEED BROADCAST SPREADER OF SCREW-

DROP TYPE / 螺旋排种式油菜籽撒播机设计及试验 

Prof. Ph.D. Eng. Xie S.Y., Ms. Stud. Eng. Yu T., Ms. Stud. Eng. Chen T.H., Ms. Stud. Eng. Yang Z.R., 

Prof. Ph.D. Eng. Yang L., Prof. Ph.D. Eng. Yang M.J.*) 

Southwest University, College of Engineering and Technology, Chongqing Key Laboratory 

of Agricultural Equipment for Hilly and Mountainous Regions / P. R. China 

19 

3.  EXPERIMENTAL RESEARCHES ON THE WORKING PROCESS OF A SEEDBED PREPARATION 

EQUIPMENT FOR HEAVY SOILS / 

CERCETĂRI EXPERIMENTALE PRIVIND PROCESUL DE LUCRU AL UNUI ECHIPAMENT DE 

PREGĂTIT PATUL GERMINATIV PENTRU SOLURI GRELE 

PhD. Stud. Vlăduţ D.I.1), Prof. PhD. Eng. Biriş S.1), PhD. Eng. Vlăduţ V.2*), PhD. Stud. Eng. Cujbescu D.2),  

Lect. PhD. Eng. Ungureanu N.1), PhD. Stud. Eng. Găgeanu I.2) 

1)University “POLITEHNICA” Bucharest / Romania; 2)INMA Bucharest / Romania 

27 

4.  MATHEMATICAL MODEL OF BENDING VIBRATIONS OF A HORIZONTAL FEEDER-MIXER ALONG 

THE FLOW OF GRAIN MIXTURE / МАТЕМАТИЧНА МОДЕЛЬ ЗГИННИХ КОЛИВАНЬ 

ГОРИЗОНТАЛЬНОГО ЗАВАНТАЖУВАЧА-ЗМІШУВАЧА ВЗДОВЖ ПОТОКУ ЗЕРНОВОЇ СУМІШІ 

DSc. Eng. Lyashuk О.L1)., Lect. Ph.D. Eng. Sokil M.B. 3), PhD Eng. Klendiy V.М. 1),  

PhD Eng. Skyba O.P. 1), Tretiakov O.L. 1), Slobodian L.М. 1), PhD Econ. Slobodian N.O. 2) 
1)Ternopil Ivan Pul’uj National Technical University/ Ukraine; 2)SHEI "Ternopil State Medical University Gorbachevskiy / 

Ukraine; 3)National University Lviv Polytechnic / Ukraine 

35 

5.  INVESTIGATION OF OIL EXTRACTION FROM THE CANOLA AND SOYBEAN SEEDS, 

USING A MICROWAVE INTENSIFIER / ДОСЛІДЖЕННЯ ЕКСТРАКЦІЇ ОЛІЇ З НАСІННЯ РІПАКУ ТА 

СОЇ ПРИ ВИКОРИСТАННІ МІКРОХВИЛЬОВОГО ІНТЕНСИФІКАТОРА 

Prof. PhD. Bandura V.1), Prof. Ph.D. Eng. Bulgakov V.2), Prof. Ph.D. Eng. Adamchuk V.3), Ph.D. Eng. Ivanovs S.4) 
1) Vinnytsia National Agrarian University/ Ukraine; 2) National University of Life and Environmental Sciences / Ukraine, 3) 

National Scientific Centre “Institute for Agricultural Engineering and Electrification” / Ukraine;  
4) Latvia University of Agriculture / Latvia 

45 

6.  HOT-AIR DRYING CHARACTERISTICS AND QUALITY EVALUATION OF BITTER MELON SLICE /  

苦瓜片热风干燥特性及品质评价 

Ms.Eng. Liang Yang, Ms.Eng. Zhonghuan Hu, Prof. Ling Yang, Prof. Shouyong Xie, Prof. Mingjin Yang*) 

Southwest University, College of Engineering and Technology / P. R. China 

53 

7.  ONION BULBS ORIENTATION DURING ALIGNED PLANTING OF SEED-ONION USING VIBRATION-

PNEUMATIC PLANTING DEVICE / ОРИЕНТИРОВАНИЕ ЛУКОВИЦ ПРИ ПОСАДКЕ 

ВИБРАЦИОННО-ПНЕВМАТИЧЕСКИМ ВЫСАЖИВАЮЩИМ АППАРАТОМ ДЛЯ ПОСАДКИ 

ЛУКОВИЦ ЛУКА-СЕВКА 

PhD. Eng.Sc. Aksenov A.G., Prof. PhD. Eng.Sc. Izmaylov A.Iu., Prof. PhD. Eng.Sc. Dorokhov. A.S.,  

PhD. Eng.Sc. Sibirev A.V. 

FSBSI "Federal Scientific Agronomic and Engineering Centre VIM" / Russia 

63 

8.  NEW WORKING ELEMENT OF STRIPPER HEADER “OZON” /  

НОВЫЙ РАБОЧИЙ ОРГАН ОЧЕСЫВАЮЩЕЙ ЖАТКИ “ОЗОН” 

Prof. PhD. Eng.Sc. Aldoshin N.V.1), Prof. PhD. Eng.Sc. Kravchenko I.N.1),  

Prof. PhD. Eng.Sc. Kuznetsov Y.A.*2), Prof. PhD. Phil.Sc. Kalashnikova L.V.3),  

Assoc. Prof. D.Eng.Sc. Korneev V.M.1) 

1)Russian State Agrarian University – Moscow Agricultural Academy Timiryazev, Moscow / Russia; 
2)Orel State Agrarian University -Parakhin / Russia; 3)Orel State University -Turgenev / Russia 

71 

9.  SOIL COMPRESSION DEGREE BY USING THE VIBRO-COMBINATOR / 

GRADUL DE COMPACTARE A SOLULUI LA UTILIZAREA VIBRO-COMBINATORULUI 
Assoc. Prof. Ph.D. Eng. Boja N.*1), Lect. Ph.D. Eng. Boja F.1), Stud. Ph.D.Eng. Vidrean D.1),  

Lect. Ph.D. Eng. Teusdea A.2), Assoc. Prof. Ph.D. Eng. Bungescu S.3) Prof. Ph.D. Eng. Borz SA.4) 
1) “Vasile Goldiş” Western University of Arad / Romania; 2)University of Oradea, Faculty of Environmental Protection / 

Romania; 3)University of Agricultural Sciences and Veterinary Medicine of Banat Timişoara,  

Faculty of Agriculture, Timişoara / Romania; 4) Transilvania University of Brasov, Faculty of Silviculture and Forest 

Engineering, Brasov / Romania 

77 

http://www.usab-tm.ro/USAMV-BT_ro.html
http://www.usab-tm.ro/USAMV-BT_ro.html


Vol. 55, No. 2 /2018  INMATEH –

 

6 
 

 

Page(s) 

10.  THE NUMERICAL SIMULATION OF HEAT AND MASS TRANSFER PROCESSES IN TUNNELING AIR 

VENTILATION SYSTEM IN POULTRY HOUSES / 

ЧИСЕЛЬНЕ МОДЕЛЮВАННЯ ПРОЦЕСІВ ТЕПЛО- І МАСООБМІНУ ПРИ ТУНЕЛЬНІЙ СИСТЕМІ 

ВЕНТИЛЯЦІЇ ПОВІТРЯ У ПТАШНИКАХ  

Prof. Ph.D. Eng. Gorobets V.G.1), Senior lecturer Ph.D. Eng. Trokhaniak V.I.1), 

Senior lecturer Ph.D. Eng. Antypov I.O.1), Assoc. Prof. Ph.D. Eng. Bohdan Yu.O.2)  
1) National University of Life and Environmental Sciences of Ukraine; 

2) Kherson State Maritime Academy / Ukraine 

87 

11.  DETERMINATION OF THE PARAMETERS OF TRANSPORTING AND MIXING FEED MIXTURES 

ALONG THE CURVILINEAR PATHS OF TUBULAR CONVEYORS / 

ВИЗНАЧЕННЯ ПАРАМЕТРІВ ПРОЦЕСУ ТРАНСПОРТУВАННЯ ТА ЗМІШУВАННЯ КОРМОВИХ 

СУМІШЕЙ НА КРИВОЛІНІЙНИХ ТРАСАХ ТРУБЧАТИХ КОНВЕЄРІВ 

Prof.Ph.D.Eng. Hevko R.B.1), Assoc.Prof.Ph.D. Eng. Liubin M.V.2), Assoc. Prof. Ph.D. Eng. Tokarchuk O.A.2), 

Prof. Ph.D. Eng. Lyashuk O.L.3), Prof. Ph.D. Eng. Pohrishchuk B.V.1), Assoc. Prof. Ph.D. Eng. Klendii O.M.4) 
1)Ternopil National Economical University / Ukraine; 2) Vinnytsia National Agrarian University / Ukraine; 3)Ternopil Ivan 

Puluj National Technical University; 4)Separated Subdivision of National University of Life and Environmental Sciences 

of Ukraine Berezhany Agrotechnical Institute / Ukraine 

97 

12.  EFFECTS OF STEM REGION, MOISTURE CONTENT AND BLADE OBLIQUE ANGLE ON 

MECHANICAL CUTTING OF MILLET STEMS /  

秸秆部位、含水率和刀片倾斜角对谷子秸秆切割力学性质的影响 

As. Ph.D. Stud. Eng. Yanqing Zhang, Prof. Ph.D. Eng. Qingliang Cui*, Prof. Ph.D. Eng. Hongbo Li,  

M.S. Stud. Eng. Deng Sun, Ph.D. Stud. Eng. Huaming Hou  

College of Engineering, Shanxi Agriculture University, Taigu / China 

105 

13.  VERIFICATION OF THE MATHEMATICAL MODEL OF THE ENERGY CONSUMPTION DRIVE FOR 

VIBRATING DISC CRUSHER / 

ВЕРИФІКАЦІЯ МАТЕМАТИЧНОЇ МОДЕЛІ СПОЖИВАНИХ ЕНЕРГОВИТРАТ ПРИВОДА 

ВІБРАЦІЙНОЇ ДИСКОВОЇ ДРОБАРКИ 

Ph.D. Eng. Kupchuk I.M., Ph.D. Eng. Solona O.V., Ph.D. Eng. Derevenko I.A.,  

Ph.D. Eng. Tverdokhlib I.V. 

Vinnytsia National Agrarian University / Ukraine 

113 

14.  EVALUATION INDEX SYSTEM OF MECHANIZED MAIZE PRODUCTION / 

玉米生产全程机械化水平评价指标体系的研究与应用 

Lecturer Li Xin*1) 
1) College of Electrical and Mechanical Engineering, Agricultural University of Hebei, Baoding / China 

121 

15.  PERFORMANCE AND KINETIC STUDY OF THE ANAEROBIC CO-DIGESTION OF COCOA HUSK 

AND DIGESTED COW MANURE WITH HIGH ORGANIC LOADING RATE / 

PERFORMANSI DAN STUDI KINETIKA PADA PROSES ANAEROBIK CO-DIGESI KULIT KAKAO 

DAN LIMBAH MANURE SAPI DENGAN LAJU PEMASUKAN BAHAN ORGANIK YANG TINGGI 

Darwin, Muhammad Ilham, Afrizal Fazil 

Department of Agricultural Engineering, Syiah Kuala University, Darussalam, Banda Aceh 23111, Indonesia 

131 

16.  MEASUREMENT OF DOWNWASH VELOCITY GENERATED BY ROTORS OF AGRICULTURE 

DRONES / 植保无人机旋翼下洗气流速度的测量 

As. Prof. Ph.D. Tan Feng*1), Ph.D. Lian Qi2), M.S. Liu Chang-liang3), M.S. Jin Bing-kun4) 
1) School of Electrical and Information, Heilongjiang Bayi Agricultural University, Daqing / China; 2) School of 

Engineering, Heilongjiang Bayi Agricultural University, Daqing / China; 3) Key Laboratory of Surface Engineering of 

Equipment for Hydraulic Engineering of Zhejiang Province, Hangzhou / China; 4) Faculty of Mechanical and Materials 

Engineer, Western University, London/Canada 

141 

17.  DROUGHT MONITORING AND FORECASTING METHOD BASED ON GOOGLE CLOUD COMPUTING 

SERVICE PLATFORM / 基于 GOOGLE 云计算服务平台的旱情监测预测方法 

Kai Zhao*1) ,2), Jingwei Chang1), Xinming Ma2), Feng Zhao3) 
1)Information Engineering College, North China University of Water Resources and Electric Power, Zhengzhou/China; 

2) Henan Agricultural University, Zhengzhou/China; 3)Department of Aerospace Sciences School of Engineering, 

Cranfield University, Bedfordshire/U.K. 

151 

18.  THEORETICAL SUBSTANTIATION OF THE SCRAPER INSTALLATION PARAMETERS FOR 

REMOVING MANURE / ТЕОРЕТИЧНЕ ОБҐРУНТУВАННЯ ПАРАМЕТРІВ СКРЕПЕРНОЇ 

УСТАНОВКИ ДЛЯ ПРИБИРАННЯ ГНОЮ 
Prof. Dr. Eng. Sc. Golub G.A.1), Ph.D. Eng. Ikalchyk M.I.2), Prof., Dr. Eng. Sc. Pilipaka S.F.1),  

Prof., Dr. Agr. Sc. Teslyuk V.V.1), Ph.D.Eng. Khmelevskiy V.S.1), Eng. Shvets R.L.1) 
1) National University of Life and Environmental Sciences of Ukraine, Kyiv / Ukraine; 

2) Separated subdivision of the National University of Bioresources and Nature Management  

of Ukraine "Nizhyn Agrotechnical Institute", Nizhyn / Ukraine 

161 



Vol. 55, No. 2 /2018  INMATEH –

 

7 
 

 

Page(s) 

19.  ANALYTICAL INVESTIGATION OF THE INTERACTION OF THE SUNFLOWER STEM WITH THE 

LATERAL FACE OF THE REAPER LIFTER  I АНАЛІТИЧНЕ ДОСЛІДЖЕННЯ ВЗАЄМОДІЇ СТЕБЛА 

СОНЯШНИКУ ІЗ БІЧНОЮ ГРАННЮ ЛІФТЕРА ЖАТКИ 

Prof. Ph.D. Eng. Nalobina О.O. 1), Ph.D. Eng. Gerasymchuk O.P. 2), Ph.D. Eng. Puts V.S.2), 

 Ph.D. Eng. Martyniuk V.L. 2), Ph.D. Eng. Shovkomyd O.V. 2), Vasylchuk N.V. 2),  

Ph.D. Eng. Bundza О.Z. 1), Ph.D. Eng. Holotiuk M.V. 1), Ph.D. Eng. Serilko D.L. 1) 
1)National University of Water and Environmental Engineering / Ukraine 

2)Lutsk National Technical University / Lvivska str., 75, Lutsk, Ukraine 

171 

20.  KRAWTCHOUK MOMENT AND PARTICLE SWARM OPTIMIZED BP NEURAL NETWORK TO 

RECOGNIZE RICE PLANTHOPPER /  

基于 Krawtchouk 矩和 PSO 神经网络的稻飞虱识别研究 

Assoc. Prof. Ph.D. Xiuguo Zou *1), MEE. Stud. Siyu Wang 2), Assoc. Prof. Ph.D. Yan Qian 1),  

MAE. Stud. Shuaitang Zhang 1) 
1) College of Engineering, Nanjing Agricultural University / China; 

2) School of environmental science and Engineering, Nanjing University of Information Science and 

Technology / China 

181 

 

 

 



Vol. 55, No.2 / 2018  INMATEH –

 

 

97 

DETERMINATION OF THE PARAMETERS OF TRANSPORTING AND MIXING FEED 

MIXTURES ALONG THE CURVILINEAR PATHS OF TUBULAR CONVEYORS 

/ 

ВИЗНАЧЕННЯ ПАРАМЕТРІВ ПРОЦЕСУ ТРАНСПОРТУВАННЯ ТА ЗМІШУВАННЯ 

КОРМОВИХ СУМІШЕЙ НА КРИВОЛІНІЙНИХ ТРАСАХ ТРУБЧАТИХ КОНВЕЄРІВ 
 

Prof. Ph.D. Eng. Hevko R.B.1), Assoc. Prof. Ph.D. Eng. Liubin M.V.2), Assoc. Prof. Ph.D. Eng. Tokarchuk O.A.2), 

Prof. Ph.D. Eng. Lyashuk O.L.3), Prof. Ph.D. Eng. Pohrishchuk B.V.1), Assoc. Prof. Ph.D. Eng. Klendii O.M.4) 
1)Ternopil National Economical University / Ukraine; 2) Vinnytsia National Agrarian University / Ukraine; 3)Ternopil Ivan Puluj National 

Technical University; 4)Separated Subdivision of National University of Life and Environmental Sciences of Ukraine Berezhany 

Agrotechnical Institute / Ukraine 

E-mail: klendii_o@ukr.net  
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ABSTRACT  

The results of theoretical and experimental studies of simultaneous transporting and mixing the 

components of feed mixtures along the curvilinear paths of tubular conveyors are presented in this article. A 

mathematical model of the dependence of the change of elementary work performed while transporting the 

bulk material elementary mass along the curvilinear section is developed. Based on experimental researches, 

the technique of determining the technological parameters, which ensure the reduction of energy consumption 

while mixing bulk materials with the given quality of feed mixtures, is proposed. When considering the range of 

changes in the inner holes of the washers dh = 14…25 mm and the angles of their position to the horizon  = 

30°…75°, the intensity of the material components passing-through and their consequent mixing increases with 

the increase of the value of the parameter dh  and the reduction of the angle . 

 

РЕЗЮМЕ 

У статті представлено результати теоретичних і експериментальних досліджень 

одночасного транспортування та змішування компонентів кормових сумішей на криволінійних 

трасах трубчатих конвеєрів. Побудована математична модель, яка характеризує залежність 

зміни елементарної роботи, що виконується під час переміщення елементарної маси сипкого 

матеріалу по криволінійній ділянці. Запропонована методика та проведені експериментальні 

дослідження з визначення параметрів виконання технологічного процесу, які забезпечать зниження 

енерговитрат при змішуванні сипких тіл та задану якість кормових сумішей. Встановлено, що для 

діапазону зміни внутрішніх отворів шайб dh = 14…25 мм і кутів їх розташування до горизонту          

 = 30°…75° інтенсивність пересипання компонентів матеріалів та відповідно їх змішування 

зростає при збільшенні значення параметр dh  і зменшенні величини кута . 

 

INTRODUCTION 

Based on the analysis of literature sources and experimental results of studying the processes of bulk 

materials transportation in closed jackets (Loveikin V. et al., 2010; Lyashuk O.L. et al., 2015; Owen Philip J. 

and Cleary Paul W., 2010; Rogatynska O. et. al., 2015; Rohatynskyi R. M. et al., 2016; Roberts Alan W. and 

Bulk Solids, 2015) the vast majority of screw conveyors are found to possess the limited functionality; therefore, 

they can be used only on short paths of material movement. The challenge is to minimize the degree of 

damage to agricultural materials by applying the elastic working bodies (Loveikin V. and Rogatynska L., 2011; 

Rogatynska L.R., 2010) or by combining the processes of shredding and transporting lump materials (e.g., root 

crops) for feed preparation (Pankiv V.R. and Tokarchuk O.A, 2017). Due to such minimization of damages, the 

functional performance of transporters can be significantly improved. To increase the conveyors’ performance, 

the material flow movement should be intensified by means of pneumatic devices (Manjula E.V.P.J. et al., 

2017; Naveen Tripathi et al., 2015; Baranovsky V.M. et al., 2018; Hevko R.B. et al., 2018) and screw and 

tubular conveyors (Haydl H.M., 1986; Yao Y.P., et.al., 2014). Many scientists have studied the methods of 

improving the operational and functional performance of screw and tubular conveyors, and the ways of reliable 

protecting their drive elements (Hevko B.M. et al., 2017; Hevko R.B. et al., 2016; Hevko R.B. et al., 2017) The 

objective of the present research is to ensure the reduction of energy consumption during simultaneous 

transporting and mixing bulk components of feed mixtures along the curvilinear paths of tubular conveyors. 
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MATERIALS AND METHODS 

The material movement along the curvilinear section of the conveyor (Hevko R.B. et al., 2017, Fig. c) 

is considered as a case of the plane motion of the elementary mass dmc (Fig.1a); the mass is located 

between the scraper spaces of the working body moving uniformly at the initial average velocity ϑс. The 

movement of the elementary volume dVm along the curvilinear section of the path is considered in polar 

coordinates; the path’s axis is at point O (Fig.1b). The scraper moves along the trajectory of the fourth 

section of the ring with an average diameter Dc, transporting the average elementary mass of the bulk 

material dmc. 

The position of the elementary mass centre of the bulk material dmc in the vector form is determined 

by the polar coordinates  (radius-vector of the mass center movement dmc) and φc (polar angle). 

The elementary mass center of the material dmAc (Fig.1b) at the initial moment of motion at the rate ϑА 

(at t = 0) is at point A. Its position is determined by the radius-vector , where φA = 0. In time t= tB, the 

elementary mass center of the material dmAc, moves to point B under the action of centrifugal forces. The 

elementary mass center of the material dmBc is determined by the radius-vector and the polar angle φB. 

                           
a)                                                                     b) 

 

Fig. 1 - Analytical models: a - for determining the movement of the elementary mass center of the material along 

the curvilinear path; b - for determining the kinematic parameters of the bulk material movement 

 

The motion equations of the elementary mass center of the bulk material dmc in the polar coordinates 

for the case of the plane motion of the material body are deduced 
 

;                                                                         (1) 

For further analysis, the single vectors  and  are introduced (Fig. 1b); the vectors are directed 

in corresponding radii-vectors of corresponding points that characterize the corresponding elementary mass 

centres of the bulk material dmAc and dmBc, as well as the vectors  and , which are perpendicular to 

the corresponding radii-vectors   and  and directed towards the increase of the polar angle φB. 

Applying the radial ϑRB and tangential ϑpB velocities, the magnitude and direction of the scalar velocity 

ϑB of the elementary mass center of the bulk material dmBc are determined 
 

                      (2) 

 

Directional cosines are defined by formulas 

 - between the directions of the vectors  and  

                                            (3) 
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- between the directions of the vectors  and  

                                            (4) 

Differential equation for determining the vector acceleration  of point B, which specifies the position 

of the elementary mass center of the bulk material dmBc in time t = tB, is deduced 
 

            (5) 

 

Similar to the velocity vector , the acceleration vector  of point B is equal to the geometric sum 

of two vectors, in particular the first vector, which is located on the radius-vector of point B  and 

directed along it, and the second vector, which is perpendicular to this radius-vector. 

The scalar value of the projection of the acceleration vector  directed along the radius-vector  

of point B, or the scalar value of the projection of the radial acceleration of point B are determined by the 

formula 

                                               (6) 

and the scalar value of the acceleration vector  projection, which is perpendicular to the radius-vector 

 of point B, or the scalar value of the projection of the tangential acceleration of point B are equal to 

                                          (7) 

Applying the radial  𝑎𝑅𝐵
 and tangential  𝑎𝑝𝐵

  accelerations, the magnitude and direction of the scalar 

acceleration of motion  𝑎𝐵 of the elementary mass center of the bulk material dmBc are determined. 

                         (8) 

To operationalize the above provisions, the technological process of moving the elementary mass 

center A of the bulk material dmc is formalized as follows. The uniformly variable motion of the elementary 

mass center A of the bulk material dmc is supposed to be set by parametric equations with consideration of 

aerodynamic forces of air resistance, which is assumed as a quadratic dependence of the resistance forces 

on the motion velocity. 

At the first stage of the research, the force analysis of moving the elementary mass center A of the 

bulk material dmc along the curvilinear trajectory from point A to point B is considered. 

In Fig. 2, an equivalent model of forces arising during the movement of the elementary mass center A 

of the bulk material dmc along the curvilinear trajectory of the plane curve without the rolling friction action is 

shown. To find the total generalized force Qc acting on the elementary mass center B of the bulk material 

dmBc, a differential equation of particle motion is deduced 

                                                    (9) 

where Qc is the total generalized force acting on the elementary mass center B of the bulk material dmc 

during its motion along the curvilinear trajectory from the initial position with the coordinates A{0, 0} to 

position B {xB, yB}. Taking into account the components of the forces acting on the elementary mass center B 

of the bulk material dmВc, the dependence is developed 
 

         (10) 

where f – friction coefficient; g – free fall acceleration. 
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Fig. 2 - Analytical model for determining the dynamic parameters of the bulk cargo movement 

 

The formula of an elementary work that is consumed during the motion of the elementary mass 

of the bulk material dmc along the curvilinear trajectory from the initial position with coordinates A {0, 0} to 

position B {xB, yB} is deduced 

,                     (11) 

where dVBc - elementary volume of the material at point B, м3; ψ - specific mass of the bulk material, kg/m3. 

The deduced equation (Eq.11) is a deterministic mathematical model of the dependence of the 

change of the elementary work δAdmc performed during the motion of the elementary mass of the bulk 

material dmc along the dc arc in time tB on the structural and kinematic parameters of the working body path, 

or the parameters of material movement with consideration of air resistance forces. 

To minimize the elementary work performance during the motion of the bulk material along the 

curvilinear section of the working body path, the trajectory of the bulk material motion should be determined 

and optimized by integrating the above analyzed mathematical model (Eq.11). Furthermore, the minimum 

time of moving the bulk material along the curvilinear section of the working body path can be substantiated. 

For experimental research, the working body of the scraper conveyor-mixer is design in the form of 

separate hinged sections (Fig.3). The design consists of a guiding jacket 1. In the jacket, there are hinged 

scraper sections arranged in the form of a ring 2, and hooks 3 and 7. The ring part of the sections is covered 

by a disc 4 with a central inner opening 5. The working body is driven by a gear wheel, which contacts with 

the conical surface of the disc. The components of the bulk material 6 are captured by disks and partially 

passed through the central openings; then, they are mixed into a solid mixture, which is transported to the 

unloading zone. 

To determine the degree of passing the bulk agricultural materials through the washer holes at their 

various angular positions along the curvilinear sections of the conveyor-mixer, an experimental stand with a 

working body is developed in the form of washer scrapers with different inner holes of various diameters 

(Fig. 4). The stand was located vertically; its overall dimensions were horizontally - 500mm; vertically - 650 mm. 

Radius of knee position - 400 mm; its inner radius - 46 mm; the washer outer diameter - 45mm. 

The method for determining the time of the bulk material passing through the washer scrapers is as 

follows. In the curved knee, which consists of five sections, the bulk cargo weighing from 100 to 150 g was 

delivered; the coefficient of the space between scrapers is ψ = 0.6 ... 0.9. After opening the damper valve, the 

pressure of the cargo flow pushed the lever pedal, activating an electric timing device. When the flow stopped 

moving, the electric timing device was disconnected. The amount of cargo was weighed on electronic weighting 

machines. 
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Fig. 3 - Working body of the scraper conveyor-mixer 

 

                                 
                                           a)                                                                             b) 

 

Fig. 4 - General view of the experimental stand (a) and washer scrapers with different inner holes (b) 

1 - neck; 2 - stand; 3 - knee; 4 - a clamp; 5 - electric timing device; 6 - bulk material; 

7 - scraper; 8 - spring of a lever; 9 - damper valve, 10 - capacity; 11 - lever pedal; 12 - contacts 

 

In the knee sections, the washer scrapers were arranged at the angles: α1 = 75°; α1 = 60°; α1 = 45°;    

α1 = 30°. The inner holes in the washers varied within the range from 14 to 25 mm. 

To provide the process of agricultural product transporting, a passing of the bulk material through the 

washer scrapers per second was calculated at their various angles of inclination to the horizon: Q = m / t, 

where m – cargo weight; t - time of passing. 

 

RESULTS 

The research results are presented on the graphic dependences shown in Fig. 5-6. 

Experimental studies were conducted to define the maximum possible loading coefficient between the 

scraper spaces ψ = 0.95. 

The graphic dependences of the mass m of the combined feed passed through the washer holes with 

diameters dh = 20...25 mm on the moment of time t are shown in Fig. 5 a. The change in the hole diameter 

from 20 to 25 mm is found to cut time for the combined feed passing-through from 3.5 s to 2.25 s, providing 

the washer location angle to the horizon is α = 30°. At the same time, respectively 84.6% and 96.1% of the 

combined feed are passed through in the space between the scrapers. 

Providing the washer location angle α = 75 °,  
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The time of passing-through the combined feed is t = 4.9 s, provided dh = 20 mm and α = 75 °. The 

time of passing-through the combined feed is t = 5.2 s, provided dh = 25 mm α = 75°. At the same time, 

respectively, only 17.3% and 30.8% of the combined feed is passed through. 

Thus, the angle of the washers’ arrangement dominantly influences the process of the combined feed 

passing-through. Therefore, with the approach to the vertical section, the process of passing-through and 

consequent mixing the feed components significantly intensifies.  

The wheat grain is passed through the washer hole of the diameter dh = 18 mm (Fig. 5 b). 

            
a)                                                                               b) 

 
c) 

Fig. 5 - Graphic dependences of the mass m of the mixed feed (a), wheat (b), and millet (c) passed through 

washer holes with different diameters dh and their location angles to the horizon on the moment  

(1 – α=30°, 2 – α=45°, 3 – α=60°, 4 – α=75°) of time t  

 

Thus, providing dh = 18 mm, α = 30 °, and t = 6.8 s, 96% of wheat is passed-through. Providing 

dh = 20 mm, α = 30 °, and 96% of passed-through wheat, the process takes 6 s. 

The diameter of the washer hole dh increases from 23 to 25 mm, the time of wheat passing-through 

sharply decreases (if α = 30 °), respectively, from 3.7 s to 2.5 s. In both cases, the percentage of passed-

through wheat is 98.4%. 

At the same time, providing α = 75 ° and dh = 18 mm, 47% of wheat is passed-through in time t = 8 s; 

and, respectively, providing α = 75 ° and dh = 25 mm, 80% of wheat is passed-through in time t = 4.6 s. 

Based on the analysis of the graphic dependencies shown in Fig. 5c, the scrapers with the diameter of 

the inner openings dh = 14 and 18 mm are found more effective for transporting the millet and its further 

mixing with the appropriate concentrated additives. Such diameter values are proved to ensure the 

implementation of the technological process with the corresponding indicators, similar to the above 

considered cases. 
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The dependence of passing the combined feed and millet through different holes of scraper washers 

per second g (g/s) on their location angle to the horizon was experimentally developed. 

The research results are presented in the form of graphical dependencies shown in Fig. 6. 
 

          
a)                                                                          b) 

Fig. 6 - Graphical dependencies of passing g the combined feed (a) and millet (b) on the inclination angle α of 

the washer scrapers to the horizon per second 

 

Based on the developed dependencies, the necessary structural parameters of the working bodies of 

the washer conveyor-mixer can be defined.  To provide a certain degree of mixing feed mixtures, their main 

components should be considered. 

 
 

CONCLUSIONS 

Based on the known research results, a new technological model of simultaneous transporting and 

mixing the components of bulk cargo along curvilinear paths is proposed. 

The process of moving the bulk material by scraper and washer working bodies along the curvilinear 

section of the technological path is simulated; the dynamic parameters of the bulk cargo movement are 

determined. The developed equation is a deterministic mathematical model of the dependence of the change 

of elementary work performed during the movement of the bulk material elementary mass. The model allows 

determining the minimum time of moving the bulk material along the curvilinear section of the working body 

path. 

The dependences of the mass m of the combined feed passed through the holes of diameter dh = 20 

... 25 mm on time t were analyzed. The change in the washer hole’ diameter was found to cut time for 

passing the combined feed in time from 3.5 s to 2.25 s, providing the angle of washer location is   = 30°. 

Correspondently, the amount of passed combined feed in the space between scrapers is 84.6% and 96.1% 

of its total mass. In the range of changing in the holes and angles parameters, the washer location angle is 

considered to influence dominantly the process of the combined feed passing-through. Therefore, with the 

approach to the vertical section, the process of passing and mixing the components of feeds significantly 

intensifies. 

The washer hole diameter dh = 18 mm is found more applicable for transporting the wheat grain. Thus, 

providing dh = 18 mm, α = 30°, and t = 6.8 s, 96% of wheat is passed-through; providing dh = 20 mm, α = 30°, 

and 96% of passed-through wheat, the process takes 6 s. Then, providing α = 75°, dh = 18 and 25 mm, the 

percentages of the passed wheat are, respectively, 47% at t = 8 s and 80% at t = 4.6 s. 

The scrapers with the diameter of the inner holes dh = 14 and 18 mm are found more applicable for 

transporting the millet and its further mixing with the appropriate concentrated additives. Such diameter 

values are proved to ensure the implementation of the technological process with the corresponding 

indicators, similar to the above considered cases. 
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