AGRICULTURAL
ENGINEERING




No liability is assumed by the editorial staff for the content of scientific papers and opinions
published in this volume. They represent the authorods



Vol. 56, No.3 /2018 INMATEH 1 A giadtud Engneging

E ditorial

T heN aiad | nditued R esardhD edqomet fa M adinesand| nddlaiasdsgnadto A giadtuead
F adl nddry-INMA B udeet hestred dt andntd pretigasressarch adivity intrefiddd agiadtud nadinay
admedenangtedndgyesinR avena

ShotH igay

v 1 n1927, trefird ressarch Cater far A giadtud M adimayinA giadtud R esrdh| nditued R arena-
ICAR (EgddidingL avwespudidedin OD . m 97/05.05.1927) wesetadide]

v |1 n1930, wesfaurrddT heT edingD eatmat d A giaitud M adinay adT adshy tradfamng A giadtud
R eschCatred ICAR-that fanddtresiened nehotajesandeqaimetd tedriquesinthefidd(D eism
m 2000/1930  ICAR M aegg -GHE ORGHE | ONE)SCU LI LELTI

v | n1952, wesetaddidedtheR esarch | ndituefa M edenztion andEledrifictiond A giadture-ICMA
B Uneesa, by trafamingthe D gatnet d A giadtud M adinessandT adsT eting

v | n1979, teR esaxcthl ndituted SdeatificadT edlrdaa Engrnesingfa A giadtua M adinay adT ads
° ICSITMUAwesfaundal- slodratedtoM indryd M adireB uldngl ndsry -MICM, by uifyingICMA
shrdretedtoMAA withICPMAsirdraetedtoMICM,;

v | n1996 treN aticd | rditied R esaadhD edqomat fa M atinssandl retdlaiasdsgnadtoA giadtue

adF adl ndary°® INMA wesfandd® acodngtoG.D nal1308/25.11.1996, by rexgerniang ICSITMUA,

G.D m 1308/1996 adretedty treM indry d EdtinadR esadhG.D m 823/2004;

| Nn2008 INMA hesben agredtedto cary aut resserch and dbd qang adtivities finanoad fram puldic funds unde

G.D na 551/2007, D esand treN aiad A uhaity fa SdetificR esardh- ANC $a 9634/2008.

<

A sarait d widningthepetrumd anmunicion, dssnirgtion andinp emetaion o siettific ressarchrealts
in 2000 wesfaundadtheirditute megezing issied unclr threramed SCIENTIFIC PAPERGNMATEH), ISSN
1583 10109.

Statingwithwdure 30, na /2010, trenegearedengaditsrenetoINMATEH - A gialtua Emjreging
gpainglthin pint fanat ISSN 20684215) adaline (ISSNaline 2068 2239)T henegaareishlingd,
adrad beng pldidedin retivelangiegead Endih witharmthmd threeisses/ year: J anvaryA pil, M ayA WA,
SepenteD emre adisrexgizadlhy CNCSIS withB * caepy. P idedatidesarefranthefidd d AGRICU
LTURAL ENGINEERINGetdagjesandtedm & equpet fa agiaitureandfadinddry, reendde aayy,
nadingy teding eMraTret, trangoat inagiadtue éc ad aeedwaally aadidsirscetrecantry ad aad in
meticaddorans

T emd led adpafamane praeses tednd ay andnadinay fa agiad tureandfadind dry inoreesng, acoordng
toraticd repuiraretsand Eurgoen adinardtiad regldias aswdl aseq@ataion d renendderesurasintens
d dfidawy, life hedthandenviramat pdetion rqresat rfaatid deretsfa tremegeanedNMATEH- A giadtud
Engneging®

W eaethenifu tod| reechs pldidesandasesas

E dtor inchid,
PhD .EngVladitN icdae V datin






Vol. 56, No.3 /2018 INMATEH 1 A giadtud Engneging

Managing Editorial Board - INMA Bucharest

Editor in Chief
VLADUS Nicolae-Valentin
Ph.D.Eng, SR |
E-mail: inmatehjournal@gmail.com

Executive Editor Assistant Editor Logistic support, database
POPA LucreSia MATACHE Mihai-Gabriel MURARU Virgil, Ph.D.Eng, SR |
Ph.D.Eng, SR | Ph.D.Eng, SR | & | CTdnia. techn.

Scientific Secretary Official translators
Cardei Petre, math. RADU Daniela-Cristina, Prof. English, French

Editorial Board

A

Acad. Prof. Ph.D. TAB I RA \&bmamaj Rresident of A Prof. Ph.D.Eng. FENYVESI Laszl6 - Hungary, Hungarian

ASAS - Academy of Agricultural and Forestry Sciences Institute of Agricultural Engineering Godolo;
"Gheorghe lonescu kikexkti™" A Assist.Prof.Ph.D.Eng. BILANDZIJA Nikola - Croatia,
Ph.D. BOGOESCU Marian - Romania, Vicepresident of University of Zagreb;

ASAS - Academy of Agricultural and Forestry Sciences A Ph.D. BIOCCA Marcello - Italy Agricultural Research
"Gheorghe |l onescu kikexkti" Council, Agricultural Engineering Research Unit;
Hon.Prof.Ph.D.Eng. PIRNA lon - Romania, President of the A Prof.Ph.D.Eng. MIHAILOV Nikolay - Bulgaria,
Department of Agricultural Mechanization of ASAS - University of Rousse;

Academy of Agricultural and Forestry Sciences "Gheorghe A Assoc.Prof.Ph.D.Eng. ATANASOV At. - Bulgaria,
lonescu; ki kekti™" University of Rousse;

Ph.D. Eng. NICOLESCU C. Mihai - Romania, Scientific A Assoc.Prof. Ph.D. ERTEKIN Can - Turkey, Akdeniz
General Secretary of the ASAS-Academy of Agricultural University Antalia;

and Forestry Sciences” Gheor ghe | onescuAK Preferh.D.Bc’ Eng. VARTUKAPTEINIS Kaspars -
Assoc.Prof. Ph.D. Eng. BELC Nastasia - Romania, IBA Latvia, Latvia University of Agriculture, Institute of
Bucharest; Agricultural Machinery;

Ph.D. Eng. B US$§ U - Romania,aNSB Bucharest; A i HUYGHEBAERT Bruno - Belgium, Walloon
Prof. Ph.D. Eng. PARASCHIV Gigel - Romania, P.U. Agricultural Research Center CRA-W;

Bucharest; A Prof.Ph.D. Eng. FABBRO Dal Inacio Maria - Brazil,
Prof. Ph. D. EnRomanB,PRIBuch&est, i n Campinas State University;

Prof. Ph.D. Eng. VLASE Sorin - Romani a, fidr r &n <iof. PkDN Erg. DE WRACHIEN Daniele - ltaly,
University Brakov; State University of Milan;

Prof. Ph.D.Eng. BURNETE Nicolae - Romania, A Prof. PhD.Guanxin YAO - P.R.China, Along
Technical University Cluj Napoca; Agriculture R&DTechnology and Management
Prof. Ph.D. Eng. FILIP Nicolae - Romania, Technical Consulting Co., Ltd;

University Cluj Napoca,; A Prof. PhD. Eng. GONZALEZ Omar - Republic of
Prof. PhD. Eng. VOICU Gheorghe - Romania, P.U. Bucharest; Cuba, Central University "Marta Abreu” de las Villas;
Prof. PhD. Eng. GERGEN losif -Romania,USAMVB A Assist. Prof.Dr. K A B A®nder i Turkey, Akdeniz
Ti mi koar a; University.

Prof. Ph.D. ERgmagiENU USAMVY AaRbsist.Prof.Dr.¢a$ BlL\NaKurkel,e mal

Assoc.Prof.Ph.D.Eng. BUNGESCU Sorin - Romania, Ondokuz Mayeés University
USAMVBTi mi Koar a

In the present, INMATEH - Agricultural Engineering journal is indexed in the next international databases:
ELSEVIER /SciVerse SCOPUS, CL ARI VATE ANALYTI CS6 - BWErging SdurceS CitatiBnNndex (ESCI),
ULRICHS Web: Global Serials Directory, CABI, SCIPIO, Index COPERNICUS International,

EBSCO Publishing, Elektronische Zeitschriftenbibliothek
INMATEH - Agricultural Engineering

vol. 56, no.3 /2018

NATIONAL INSTITUTE OF RESEARCH-DEVELOPMENT FOR MACHINES AND
INSTALLATIONS DESIGNED TO AGRICULTURE AND FOOD INDUSTRY -
INMA Bucharest
6 lon lonescu de la Brad Blvd., sector 1, Bucharest

Three issues per year,
e-ISSN: 20681 2239
p ISSN: 2068 i 4215
Edited by: INMA Bucharest
Copyright: INMA Bucharest / Romania



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




Vol. 56, No. 3 /2018 INMATEH i A giaitud Engneging

CONTENT

Page(s)

EXPERIMENTAL RESEARCH ON THE MOVEMENT STABILITY OF A PLOUGHING AGGREGATE,
COMPOSED ACCORDI NG TOUIHE SEBEME ¢P-BBHLé SHIOMAS
KOMPLEKTUTA ARGANAS AGREGUTA KUSTOBAS STABILITUT
PhD. Ivanovs S.Y, Prof.PhD. Bulgakov V.?, Prof.PhD. Adamchuk V.%, 9
Prof.PhD. KyurchevV.”, Pr of . PhD. YKuvachtv V.
DLatvia University of Agriculture / Latvia; ?National University of Life and Environmental Sciences of Ukraine / Ukraine;
National Scientific Centre fAlnsti tattieonoor/ AWk riaiun
“Tavria State Agrotechnological University / Ukraine

RESEARCH ON THE VIBRATION OF MINI TILLER /

Ph.D. Eng. Liang X.C. ¥, Prof. Ph.D. Chen J., Ms.Stud. Eng. Wang Z. 17

Southwest University, College of Engineering and Technology, Chongging Key Laboratory
of Agricultural Equipment for Hilly and Mountainous Regions / P. R. China

ANALYSIS OF THE WORKS PERFORMED BY PNEUMATIC AND MECHANICAL SEEDING DEVICE

WITHOUT USINGVACUUM /¢ ¢ fJ wy t fJ JorRfTmpY fugr1 4 Jgumlpfdpvod
IRs{tRrRuUOLLC Jdsvuvfu o5
Lect. Ph.D. Eng. Vasylkovska K.V., Lect. Ph.D. Eng. Vasylkovskyi O.M.,
Prof. Ph.D. Eng. Sviren M.O., Lect. Ph.D. Agric. Kulik G.A.
Central Ukrainian National Technical University / Ukraine

PRODUCTION TESTS OF A SEED DRILL CPH 2000 FOR DIRECT SOWING /
ESSAI'S AU CHAMP D6UN SEMOI R CPH 2000 POUR
Warouma Arifa™, Haidenko Oleh? 31
YDan Dicko Dan Koulodo University of Maradi, Niger Republic
2 |nstitute of Steppe Agriculture of the National Academy of Agrarian Sciences of Ukraine

RESEARCH ON THE RATIONAL REGIMES OF WHEAT SEEDS DRYING /

rdafwrrryric toAwf1oJ?1RrRMm trrRfwl s#vzwi1c 19
Assoc. Prof.Ph.D.Eng. Paziuk V.M., Assoc. Prof. Ph.D. Eng. Liubin M.V.?, Assoc. Prof. Ph.D. Eng. Yaropud V.M.?,

Assoc. Prof. Ph.D. Eng. Tokarchuk O.A.?, Assoc. Prof. Ph.D. Eng. Tokarchuk D.M.? 39
DInstitute of technical thermal physics NAS of Ukraine
2Vinnitsa National Agrarian University / Ukraine
AN ANALYSIS OF EIGHT TILLAGE METHODS IN A SILTY-CLAY SOIL: PROPOSAL FOR FLEXIBLE
TILLAGE CYCLES / ANALISI DI OTTO METODI DI LAVORAZIONE DI TERRENI LIMO-ARGILLOSI:
PROPOSTA DI CICLI FLESSIBILI DI LAVORAZIONE
Fanigliulo R., Biocca M., Pochi D. 49
Consiglioperl a ricerca in agricoltura e | d6analisi d
Centro di ricerca Ingegneria e Trasformazioni agroalimentari (Research Centre for Engineering and
Agro-Food Processing), Monterotondo (Rome), Italy
TECHNIQUE FOR CALCULATING THE RESULTANT FORCE AND MOMENT OF SOIL RESISTANCE TO
CUTTING BY BLADE OF ROTARY TILLAGE TOOL /
fruolrrse touvpruve trrvf?uvrRtuvdzrs ¥R 3 R [[fr1Ud ¢
ECYOURY JrVdRp S [L¥ouwv 1 fad tLuvdArRIVLL4d toa] 59

Prof. PhD. Eng. Sc. Akimov A.P.®, Asst. Prof. PhD. Eng. Sc. Konstantinov Y.V.,
Asst. Prof. PhD. Stepanov A.V.
Chuvash State Agricultural Academy / Russia

NUMERIC MODEL OF THE GRAIN MIXTURE FLOW IN A CYLINDRICAL SIEVE WHICH
REVOLVES AROUND THE INCLINED AXIS /
rdegfwrrrrrc tvmu Yot vdlfw sgvfwzw I ARJuwirt
[irtuvoluv?uc 1o01s L 1omrI[1Lw Juuw 67
Lect. Ph.D.Eng. Na u me n k @ectf Ph,D.Eng. Sokol S., Lect. Ph.D. Eng. Filipenko D.,
Lect. Ph.D. Eng.Guridova V., Prof. Ph.D. Agri.Sci. Kharytonov M.
Dnipro State Agrarian and Economics University, Faculty of Agrarian Engineering / Ukraine

RESEARCHES ON THE MONITORING OF AIR PRESSURE IN THE TIRES
AT ROAD TRANSPORT MEANS /

CERCETARI PRIVIND MONITORIZAREA PRESIUNII AERULUI DIN PNEURI

LA MIJLOACELE DE TRANSPORT RUTIERE 75

Ph. D. Eng. Ci uper ct PBrsyC, PhD. Eng. N&delauwdA.,, Eng.
Ph.D. Eng. PopalL., Ph.D. Stud. Eng. Zaica A., Ph.D. Stud. Eng.kt ef an V.

National Institute of Research-Development for Machines and Installations designed to
Agriculture and Food Industry i INMA, Bucharest / Romania




Vol. 56, No. 3 /2018 INMATEH i A giaitud Engneging

Page(s)

10.

RESEARCHES REGARDING THE OPTIMIZATION OF IMPURITIES REMOVAL TECHNOLOGY FROM
THE CEREAL AND INDUSTRIAL PLANT SEEDS FOR ESTABLISHING ECOLOGICAL CROPS /
CERCETI RI P RTIMIZAREA TEHNOLOGIEI DE ELIMINAREAIMPURIT Tl BRI L OR DEN
SEMI NPRE DE CERAAETEHMCEDEST!I NATE CNF ULTNRILORIECOLQOGICE
Ph. D. EngDd ERgStroes@1.Gh.Y, Ph. D. Eng?, Vikan A. L.
Ph.D. Eng. Olan M., Ph.D. Stud. Eng. Zaica Alexandru ¥, Lect.Ph.D.Eng. Moiceanu G.?
D National Institute of Research-Development for Machines and Installations designed to
Agriculture and Food Industry i INMA, Bucharest / Romania;
2 politehnica University of Bucharest / Romania

83

11.

RESEARCH OF YELLOW-FEATHER CHICKEN BREEDING MODEL BASED ON SMALL CHICKEN
CHAMBER/ ¢ T
MAE. Stud. Heyang Yao Y, Ms. Qiyue Sun Y, Assoc. Prof. Ph.D. Xiuguo Zou *Y, MEE. Stud. Siyu Wang ?, Senior
Exper. Shixiu Zhang Y, MAE. Stud. Shikai Zhang ¥, Ms. Shuyue Zhang v
D College of Engineering, Nanjing Agricultural University / China;
2 School of environmental science and Engineering, Nanjing University of Information Science and Technology / China

91

12.

RESEARCH ON TEMPERATURE PREPARATION OF DIESEL BIOFUEL
IN AN ENERGY VEHICLEFUEL TANK /1 [ & J wrrrvtr EYrtdvovtwdwyluovflsRr
FrRYCT?2 vl o RIA@S RIVISDSDLIEL LY 0 0
Prof.D.Sc. Golub G.A.Y, Ph.D. Eng. Chuba V.V. Y, Ph.D. Eng. Kepko O.1*?
DNational University of Life and Environmental Sciences of Ukraine, Kyiv / Ukraine;
2 Uman National University of Horticulture, Uman / Ukraine

10

13.

NUMERICAL ANALYSES OF AIR VELOCITY AND TEMPERATURE DISTRIBUTION IN POULTRY HOUSE
USING COMPUTATIONAL FLUID DYNAMICS

Ph.D. Stud. Eng. Pourvosoghi NV, Assoc.Prof. Ph.D. Eng. Nikbakht A.M.™,
Assoc.Prof. Ph.D. Eng. Sharifian F.Y, Assist.Prof. Ph.D. Eng. Najafi R?
YDepartment of Mechanical Engineering of Biosystems, Urmia University / Iran
2Department ofAnimal Science, Urmia University / Iran

chfF 9bFcB Y9bfFT7h T TBFXTH CF uprp¥YbbBF F32 op

10

14.

gl ot oAwwy 1 oswrrc sl czhRlswutioar  rfwlIdfvfsv
Ph.D. Aliev E.B. Y, Ph.D. Yaropud V.M.?, Ph.D. Dudin V.Yr.?,
Ph.D. Pryshliak V.M.?, Ph.D. Pryshliak N.V.?, Ph.D. Ivlev V. V.?
Dinstitute of Oilseed Crops NAAS, Zaporizhzhia / Ukraine,
2Vinnitsa National Agrarian University / Ukraine ® Dnipro State Agrarian and Economic University / Ukraine

RESEARCH ON SUNFLOWER SEEDS SEPARATIONBY AIRFLOW /[ [ & wrrri11c (4

11

15.

DESIGN OF SHAPED-HOLE VOLUME-VARIABLE PRECISION SEEDER/ f
Lect. Ph.D. Jiaxin Zheng¥, M.S. Yanyu Gao?, Lect. Ph.D. Hongfang Yuan?, Lect. Ph.D. Rong Chen*?
D School of Mechanical and Electrical Engineering, Yunnan Agricultural University, Kunming /China;
2 Key Laboratory of Bionics Engineering, Ministry of Education, Jilin University, Changchun / China

12

16.

RESEARCH AND DEVELOPMENT OF AIR-SUCTION CORN PRECISION SEED METERING DEVICE /
5 0
Prof. Ph.D. Eng. Lv Xiaorong*?, Prof. Ph.D. Eng. Zhang Lihua?, Ph.D. Eng. Lv Xiaolian?,
M.A. Stud. Eng. Tian Zhiwei?

D Sichuan Agricultural University, College of Machinery & Electronics / China;
2 Chuzhou University, College of Machinery & Automotive Engineering / China

13

17.

DESIGN AND EXPERIMENTAL STUDY OF THE FINGER-TYPE LIFTER TEST BENCH FOR Cerasus
humilis BRANCHES / - A
As. M.S. Stud. Eng. Yonggiang He, Prof. Ph.D. Eng. Junlin He ’, Ph.D. Stud. Eng. Xiaobin Du,

M.S. Stud. Eng. Dawei Fang
College of Engineering, Shanxi Agriculture University, Taigu / China

14

18.

DESIGN AND TEST ON CONTROL SYSTEM OF AUTOMATIC SEEDLING FEEDING MECHANISM FOR
TRANSPLANTING MACHINE / - L
As. Ph.D. Stud. Eng. Yong Zhang*?, A/Prof. Ph.D. Eng. KaiXing Zhang*V, M.S. Stud. Eng. Chao Song?,
Prof. Ph.D. Eng. XianXi Liu.?, Prof. Ph.D. Eng. ZhengHe Song?®
D College of Mechanical and Electrical Engineering, Shandong Agricultural University, Taian / China;
2 School of Information And Electronic Engineering, Shandong Technology and Business University, Yantai / China;
3 College of Engineering, China Agricultural University, Beijing / China

155

19.

THE EFFECT OF POTATOESSé COMPRESSI VE MECHANI CAL
MOISTURE CONTENTS: AN EXPERIMENTAL STUDY /
b g 1 z
Ph.D. Yu Fan'?, A. Prof. Ph.D. Ping Zhao*Y, Prof. Ph.D. Lichun Qiu?, M.S. Jizhe Zhao?
D Agricultural University of Shenyang, Shenyang 110886, China
2 Heilongjiang Agricultural Economy Vocational College, Mudanjiang / China

H

165




Vol. 56, No. 3 /2018 INMATEH i A giaitud Engneging

Page(s)

20.

THE INFLUENCE OF BULK MATERIAL FLOW ON TECHNICAL AND ECONOMICAL PERFORMANCE OF
ASCREWCONVEYOR/I 1 [ RJ Y Jufsv wrRYsfJi1{d [TovrtwefviYf wyvyyg
Pl{sor1rsr tJaJor LIRS s{rdrltd
Prof. Ph.D. Eng. Hevko R.B.?, Prof. Ph.D. Eng. Baranovsky V.M.?, Prof. Ph.D. Eng. Lyashuk O.L.,?
Prof. Ph.D. Eng. Pohrishchuk B.V.Y Assoc. Prof. Ph.D. Eng. Gumeniuk Y.P.? Assoc. Ph.D. Eng. Klendii O.M,%
Assoc. Ph.D. Eng. Dobizha N.V.%
YTernopil National Economical University / Ukraine; ?Ternopil lvan Puluj National Technical University
3Separated Subdivision of National University of Life and Environmental Sciences of Ukraine,
Berezhany Agrotechnical Institute / Ukraine

175

21.

THE NUMERICAL SIMULATION OF HYDRODYNAMICS AND MASS TRANSFER PROCESSES FOR
VENTILATING SYSTEM EFFECTIVE LOCATION /

YRer[ 210 rdefwwurtfcri¢fwydlwtygndsov v losdrgicrs
tarsurI L4 tdnud wzrruorRrf cAwsl drlodvc
Prof. Ph.D. Eng. Gorobets V.G.Y, Senior lecturer Ph.D. Eng. Trokhaniak V.I.Y,
Assoc. Prof. Ph.D. Eng. Rogovskii I.L.Y, Senior lecturer Ph.D. Eng. Titova L.L.",
Senior lecturer Ph.D. Eng. Lendiel T.I.9, Assoc. Prof. Ph.D. Eng. Dudnyk A.0.Y, PhD student Masiuk M.Yu."
Y National University of Life and Environmental Sciences of Ukraine / Ukraine

185

22.

STUDY ON NDVI OPTIMIZATION OF CORN VARIABLE FERTILIZER APPLICATOR /
7 NDVI 7,
Ph.D. Hongli Liu?, Prof. Xi Wang*?, M.S. Jin Bing-kun?
D College of Engineering, Heilongjiang Bayi Agricultural University, Daging/China;
2 Western University, 1151 Richmond Street, London, Ontario / Canada

193

23.

EFFECT OF PRE-SOAKING AND GRAIN SHAPE ON COOKING ENERGY
OF PARBOILED AND RAW RICE /
o8 @ 68 rep® 66F FOOR It &) B8O Gt ecmmde
eeod 8868 @I cbewicdon €m» dace®

K. G. Gunasekara Y, D. A. N. Dharmasena ? and F. H. C. A. Silva™
) Postgraduate Institute of Agriculture, University of Peradeniya, Peradeniya, Sri Lanka
2 Department of Agricultural Engineering, Faculty of Agriculture, University of Peradeniya, Sri Lanka

203

24.

DETECTI ON AND CLASSI FI CATI ONDBIFI GBIRQU S&E SARP NL B REDU | T
PIEZOELECTRIC TRANSDUCERS |
" TpbhY OFMCT_ OoFKkpHBMT pHXFpbhii €CFA up F¥Yh3bFh F 3
Ph.D. Stud. Mehrdad Foj LaleyY, Assoc. Prof. Parviz Ahmadi Moghadam™, As Prof. Ali Hasanpour?,
As prof. Vahid Rostampour?

D Department of Mechanical Engineering of Biosystems, Urmia University, Urmia / Iran

211







Vol. 56, No. 3 /2018 INMATEH 1 A giaitud Engneging

EXPERIMENTAL RESEARCH ON THE MOVEMENT STABILITY OF A PLOUGHING
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ABSTRACT

The conducted researches on a ploughing aggregate, composed according to the "push-pull" scheme
as part of the HTZ-16131 tractor with a frontal two-bottom plough and a rear-mounted four-bottom plough,
show that there is a positive correlation between the input impact i the turning angle of the driven wheels of
the tractor, and the output parameter i its relative bearing. The maximum value of the mutual correlation
function between these parameters is quite high, reaching mark 0.88. The researched ploughing aggregate,
operating according to the "push-pull" scheme, has satisfactory path indicators. The path variations of the
furrow laid by this aggregate are of a low-frequency nature. Arrangement of the supporting wheel of the
frontal plough outside the furrow and its movement across an undeveloped agrophone does not lead to the
deterioration in the steering ability of the explored ploughing aggregate.

ABSTRAKTS

PUc c¢pusheé shUmas komplektUtu ar-§&has amgrpgkabNlj OUs
|l etru korpusu un ar frontUlo divu kor pusiut raarkktlour ap Ovtaddrui
pagri ezi en azejas epdrgmetru i nagr eg Ut a kur sa l eAgi past Ov pozi
SavstarpUjUs korelUcijas funkcijas maksimUI U vUrtoba
sasniedz at z9mi 0.88. -pRUt BmagkadimmlIsp Kt Utcapj uasmnr eag @taanm s i r
apmierinogi trajektorijas pvagasatnreajreik t oAri jgaos asgvrCergstkt gub Gvne
FrontUOl U arkla atbalsta ritefAa novietojums vagU vai uz
agregUta vadUmobu.

INTRODUCTION

Despite the high energy intensity, arable farming still occupies an important place in the soil tillage
system (Barwicki et al., 2014; Meca and Cardei, 2012). Under the conditions of many soil and climatic zones
it is impossible to replace completely ploughing with other ways of soil treatment, such as boardless and
shallow ploughing. Therefore, constant search is going on for improved machines and operating tools for
ploughing, there is continued improvement of the aggregation schemes, and so on (Rucins and Vilde, 2005;
Nadykto et al., 2017).

For instance, already now there is a widespread scheme in the world of a ploughing aggregate,
composed of a tractor, a frontal and a rear-mounted plough, conventionally called "push-pull" (Bulgakov et
al.,, 2008; Nadykto et al, 2016). But practical experience of their use has shown that, in case the frontal
ploughing tool is not properly attached, there may arise not loading but, conversely, unloading of the frontal
driven wheels of the tractor with inevitable loss of stability and steering ability of the entire ploughing
aggregate (Bulgakov et al., 2017; Nadykto et al., 2017). Hence it follows that the presence of a frontal plough
may significantly worsen the stability of the movement of the ploughing aggregate, composed according to
the "push-pull* scheme.

According to the scientific hypothesis, developed by us, it was assumed that increase in the adhesive
force of the aggregating tractor due to the use of a frontal plough can ensure increased operating width of

9
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the ploughing aggregate, composed according to the "push-pull* scheme, at least by the width of one plough
body in contrast to the aggregates with only one rear-mounted implement. Increase in the adhesive force of
the aggregating tractor should, in its turn, lead to increase in the stability of the operating movement, reduced
skidding of its propulsors and the specific fuel consumption by the ploughing aggregate, composed
according to the "push-pull" scheme (Macmillan, 2002).

When choosing a scheme for aggregating a frontal implement, there is a variant prevailing among
the scientists about a pivotal attachment of the implement to the tractor (Dontsov, 2008). They explain the
choice of such a constructive solution by the fact that the ploughing implement, when encountering a
mechanical obstacle, may deviate aside and avoid being damaged. Besides, it is claimed that, in order to
ensure stable movement of the frontally mounted implement, the instantaneous turning centre of the frontally
mounted tractor linkage must be in front of the suspension axis.

Certain attention should be paid to the postulate that, in order to increase the stability of the
movement of the frontal pivotally attached implement, its operating elements must be arranged in the form of
a wedge (Dontsov, 1989).

Some scientists argue that the stability of the movement of the tools operating in the pushing mode
can be ensured by introducing flexible elements into the structure of the frontally mounted mechanism of the
aggregating tractor (Ploschadnov et al., 2005).

Therefore, to ensure efficient application of the ploughing machine-and-tractor aggregates in
agriculture, which are composed according to the "push-pull" scheme, it is expedient to study more deeply
the stability issues of their movement.

The aim of this study is to increase the stability of the movement in a horizontal plane of a ploughing
aggregate, assembled according to the "push-pull" scheme on the basis of data obtained during the field
experimental data.

MATERIALS AND METHODS

The experimental studies were carried out on the basis of modern methods of conducting field
experimental studies using strain gauge equipment and a measuring complex based on the analogue-to-
digital converter. Processing of the obtained data on a PC was carried out by statistical methods applying a
correlation-spectral analysis.

As a research object was chosen a ploughing machine-and-tractor aggregate on the basis of the
tractor HTZ-16131 (Fig. 1). The technological part of the machine-and-tractor aggregate included a test
sample of a two-bottom frontal plough (Fig. 2) and a rear-mounted tensometric plough (Fig. 3) with a 35 cm
operating width of each body.

Fig. 1 - Tractor HTZ-16131 in the aggregate with a frontal (two-bottom) plough and a rear-mounted
(four-bottom) strain-gauge plough (the "push-pull* scheme)

In the theoretical studies conducted by us it was established that, in order to avoid insufficient loading
and, on the contrary, unloading of the front wheels of the aggregating tractor with a rated tractive effort of
30...32 kN, the frontal plough should have two bodies, and the rear plough should have 4 bodies (the "2 + 4"
scheme) (Nadykto et al., 2017). Thus an experimental ploughing machine-and-tractor aggregate was
composed, working according.
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Fig. 3 - A rear-mounte

In the theoretical studies conducted by us it was established that, in order to avoid insufficient loading
and, on the contrary, unloading of the front wheels of the aggregating tractor with a rated tractive effort of
30...32 kN, the frontal plough should have two bodies, and the rear plough should have 4 bodies (the "2 + 4"
scheme) (Nadykto et al., 2017). Thus an experimental ploughing machine-and-tractor aggregate was
composed, working according to the "2 + 4" scheme and equipped with a frontal two-bottom plough and a
rear-mounted four-bottom plough.

The first pass of the aggregate across the selected section of the field during the field experimental
studies was carried out using a stable reference point, which ensured rectilinearity. Then the aggregate,
composed according to the "push-pull" scheme, moved across a control section, 250 m long, in the forward
and reverse directions.

The movement of the aggregating tractor HTZ-16131 within the above-described ploughing aggregate
took place by means of the right-side wheels in the furrow, and with the left-side ones running across the
undeveloped agrophone. It was assumed that the nature of the vertical oscillations of the left and the right
sideboards of the aggregating tractor is practically the same.

Taking into account the design features of the researched ploughing aggregate, a set of measuring
and recording equipment was developed using an analogue-to-digital converter that ensured unbiased
assessment of the parameters to be studied.

To record the relative bearing of the tractor working within the ploughing machine-and-tractor
aggregate, composed according to the "push-pull" scheme, a gyroscopic semi-compass GPK-52 was used,
which was located in the zone of the longitudinal coordinate of the centre of mass of tractor HTZ-16131
(Fig. 4). The alternating current of voltage 36 V and a frequency of 400 Hz, necessary for the GPK-52
operation, were produced by a special PT-70 converter (Fig. 5).

The deviation of the path of the furrow from the straight line was measured by a metric ruler. The base
straight line was staked out with a length of 250 m. The measurements were carried out in steps of 1 m. The
frontal and the rear-mounted ploughs of the ploughing aggregate to be researched were adjusted to a depth
of 25 cm. The aggregate moved on the control section with a forward velocity, which was determined by
means of a track-measuring wheel and was fixed on the PC within the velocity range of 1.4..2.2 mA’s
allowed from agrotechnical standpoint.

Fig. 4 - Installation of the gyroscopic semi-compass GPK-52 (1)
and the current transducer PT-70 (2) on tractor HTZ-16131
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Fig. 5 - The connection diagram of the gyroscopic semi-compass GPK-52
with the PT-70 current transducer

Experimental researches of this ploughing aggregate were carried out on an agrophone (disked
sunflower stubble), the average moisture content of which in the 0...30 cm layer was 13.8%. The soil density
was within the range of 1.26...1.29 g A c3.nieediness of the field did not exceed 95 g An

RESULTS

It has been established during the conducted research that the variation in the relative bearing ( Gof
the tractor was insignificant, the dispersion of the process was 0.96 deg?. Analysis of the normalised spectral
density of this process showed that the frequency range of its course is 0...3 s (Fig. 6).
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Fig. 6 - Normalised spectral density of variations of the relative bearing of the aggregating
tractor HTZ-16131

Having determined the mean square deviation and the normalised spectral density of variations of
relative bearing G, we found the required experimental amplitude-frequency characteristic of the
experimental ploughing aggregate (Fig. 7).

The nature of the experimental amplitude-frequency characteristic of the experimental ploughing
aggregate shows (Fig. 7) that tractor HTZ 16131, together with the frontal plough, responds most noticeably
to disturbances the frequency of which occurs within the range of 1...2 s. In general, the process of
changing the experimental amplitude of the frequency-frequency characteristic of the ploughing aggregate is
close to the theoretical one (Bulgakov et al., 2016). The actual discrepancy between these comparable
characteristics is not more than 8%.
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Fig. 7 - An experimental amplitude-frequency characteristic
of the researched ploughing machine-and-tractor aggregate

By the conducted research it was established that the ploughing aggregate, composed according to
the "push-pull* scheme of tractor HTZ-16131 with a frontal two-bottom and a rear-mounted four-bottom
plough, has satisfactory path indicators. The basis for such a conclusion is the nature of variations of the
furrow path, laid by this aggregate. In reality, they are of a sufficiently low frequency (Fig. 8).
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Fig. 8 - Normalised spectral density of the furrow path variations laid
by the aggregate operating according to the "push-pull" scheme

The main dispersion spectrum, the value of which is 69.16 cm?, is concentrated in the frequency range
0...0.50 m, At a velocity of the aggregate movement 2 m A5 itis 0...1.0 s or only 0...0.16 Hz. The length of
the correlation link of the furrow path variations of the ploughing aggregate is at least 11 m.

Such a result is satisfactory since the cut-off frequency of the spectral density of the furrow path
variations is 0.50 m-1, which is only twice as large as the frequency that represents the acceptable non-
rectilinearity of the row crops (Nadykto et al., 2009).

Since the tractor HTZ-16131 with aggregated ploughs moves with its right-side wheels along the
furrow, the statistical characteristics of the turning angle of its driven wheels (parameter U) do not differ
significantly from the similar dispersion characteristics, or from the normalised correlation function and
spectral density, representing variations of the furrow path.

However, as relates to the relative bearing of the aggregating tractor (parameter (i), the statistical
characteristics are basically different. Due to the lateral drift angles of the tires of the running wheels of the
aggregating tractor, the energy (it is the same dispersion) and the internal structure of the variations of its
relative bearing are a little different. In a numerical expression, the dispersion of the variations of parameter
(i was 2.96 deg., and parameter Ui 2.10 deg.

The statistical processing on the PC was performed by 250 ordinates of the parameters Uand @. For
such arrays of initial data, the tabular value F of Fisher's ratio test at the statistical significance level of 0.05
turned out to be equal to 1.39 (Dospechov, 2012; Gerber and Green, 2012).
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Because the actual value F of Fisher's ratio test (equal to 1.41) is greater than the tabular (equal,
1.39), the null hypothesis about the equality of the estimated variances is not rejected. With a probability of
95%, it can be claimed that the variation dispersion of the relative bearing of the tractor is by no means
greater than a similar indicator for the relative bearing of its driven wheels.

Perhaps because of this the variations spectrum of parameter (i is wider in comparison with angle U.
Thus, if the cut-off frequency for the spectral density of the variations of the driven wheel turning angle is
0.3 s, then for the relative bearing it is approximately 0.42 s (Fig. 9).
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Fig. 9 - Normalised spectral densities of variations of the
driven wheels turning angle of the tractor HTZ-16131 (1) and its relative bearing (2)

Despite the difference in the nature of variations of parameters U and (i, there is a close correlation
between them. It is unambiguously represented by the normalised correlation function. Analysis of its
behaviour shows (Fig. 10) that there is a positive correlation between the input impact i the turning angle of
the driven wheels of the tractor, and the output parameter i its relative bearing. The maximum value of the
mutual correlation function is quite high, reaching mark 0.88.
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Fig. 10 - Mutual correlation function of variations in the relative bearing of the tractor HTZ-16131
by the turning angle of its driven wheels

The shift of the maximum value of the mutual correlation function to the right indicates that the relative
bearing of the aggregating tractor is the turning function of its driven wheels, and not vice versa. If this
maximum were in the second quadrant, value Uwould be considered as a reaction of the operator-driver to
such a disturbance as an unwanted turn of the tractor body to one or the other side.

The shift of the maximum value of the mutual correlation function to the right of the vertical axis by
0.8 s indicates that it takes place precisely at the time when the change in the relative bearing of the tractor
for the control action 1 the turning angle of its driven wheels i is delayed.
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On the basis of what was laid out above, you can conclude the main thing. In the proposed variant of
the ploughing machine-and-tractor aggregate, composed according to the "push-pull" scheme, the
supporting wheel of the frontal plough is running outside the furrow. On the field it is moving across an
undeveloped agrophone. This is in contrast to the world-wide variants of ploughing aggregates operating
according to the "push-pull" scheme, which provide for the movement of the supporting wheel of the frontal
implement in the furrow thus as if providing satisfactory control and stability of the movement of such an
aggregate. But, on the basis on the analysis of the above-mentioned mutual correlation function (Fig. 10), it
can be claimed that this decision does not lead to deterioration in the control of the movement of the
researched ploughing aggregate assembled according the "push-pull" scheme.

The conducted research allows substantiating practical recommendations on the choice of a scheme
and parameters of the ploughing aggregate, composed according to the "push-pull* scheme on the basis of
the tractor HTZ-16131, from the position of satisfactory stability of its movement. So, the scheme of placing
the tractor in the structure of ploughing aggregate is direct. When working in an aggregate with frontal and
rear-mounted ploughs, the tractor HTZ-16131 should move with the right-side wheels running in the furrow.
The air pressure in the tires should be as follows: the frontal wheels (with the tractor running straight) - 0.125
MPa, the rear wheels T 0.170 MPa. Any mobility of the frontal plough in a horizontal plane relative to the
tractor is undesirable. During the operation the supporting wheel of the frontal plough moves outside the
furrow. Although its removal from the connecting triangle of the frontal plough reduces the vertical load on
the frontal wheels of the tractor, the change of this indicator is significant. Proceeding from this, when
choosing the location of the wheel mentioned, it is necessary to carry out constructive limitations.

CONCLUSIONS

1. The ploughing aggregate, composed according to the "push-pull" scheme as part of the HTZ-16131
tractor with a frontal two-bottom and a rear-mounted four-bottom plough, has satisfactory path indicators.
The variations of the furrow path laid by this aggregate are of a low-frequency nature. The basic dispersion
spectrum, the value of which is 69.16 cm?, is concentrated within the frequency range 0...0.50 m1. At the
velocity of the ploughing aggregate 2.0 mA%itis 0...1.0 s or only 0...0.16 Hz.

2. There is a positive correlation between the input impact i the turning angle of the driven wheels of
the tractor HTZ-16131, and the output parameter i its relative bearing. The maximum value of the mutual
correlation function between these parameters is quite high, reaching mark 0.88. The shift of the maximum
value of the mutual correlation function to the right by 0.8 s indicates that the relative bearing of the tractor is
the turning function of its driven wheels, but the reaction of the tractor to the control impact lags precisely by
the same time.

3. Arrangement of the supporting wheel of the frontal plough outside the furrow and its movement
across an undeveloped agrophone does not lead to deterioration in the steering ability and stability of the
movement of the researched ploughing aggregate, composed according to the "push-pull* scheme.
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ABSTRACT
The mini tiller is a type of agricultural equipment used for hilly and mountainous regions. The intense
vibration it produces causes harmtothe mani pul at or 6s body. Hence, it

studies on the mini tiller, especially addressing the limitations of this machine. The mini tiller, brand 1z-105,
was selected to be used as a prototype in several experiments using three different conditions. The data
was analyzed in the time and frequency domains and the effects on the human body were explored. Finally,
suggestion was made regarding the handling comfort of the mini tiller if it is articulated.
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INTRODUCTION

China is a country with complex land formation. The statistics indicate that over 60% of the area is
comprised of hilly and mountainous regions, and more than 40% of agricultural acreage is located in this
terrain. It is difficult to implement modernization and mechanization for agriculture in hilly regions, resulting
in the limitation of using large agricultural equipment. The mini tiller is driven by a gasoline or diesel internal
combustion engine of 2~7.5 kW, weighs 50~150 kg, and has a tiling depth of 10~16 cm. Due to the
advantages, such as being multifunctional, small in size and light weight, it is popular.

Although such characteristics are advantageous in hilly or mountainous terrain, the mini tiller has
significant disadvantages, including severe vibration which cannot be endured. Studies suggest that the
intense vibration can cause moving disorders, damage to various body organs including the ear, spine and
gastrointestinal disorders, and neurological disease (Ahmadian H., et al., 2012; Li, et al., 2016). Another
disadvantage is operator fatigue caused by the operator walking behind the machine during tilling for 15~20
km (Mehta C. R., et al., 1997). In Italy, 13% of injuries from all accidents are related to the use of power
tillers (Fabbri A., et al., 2017). With increasing urbanization, the older generation will be the operators of
such equipment, and severe injuries, even death, are reported frequently. The handling comfort of mini
tillers needs to be improved.

The biggest shortcoming of the mini tiller is the production of strong vibrations by the engine, rotary
blade and uneven soil tilling. In addition, it is hard to find elastic components in the mini tiller resulting in the
vibration amplitude to be difficult to buffer. During the tilling process, tires are replaced by the rotary blade,
and almost all modules are assembled on a rigid rack. The harsh operating environment and the design
faults, which are a result of lowering the cost, make the performance unacceptable for operators. Vibration
is a complicated movement for the human body to react to, and some factors including vibration magnitude,
frequency, duration time, input position, etc., are especially significant to the effects. It appears that some
environmental elements, including light, heat and noise, are also relative to the effects of vibration (British
Standards 6481, 1987, ISO 2631/1, 1985). There are multiple studies reported in the literature on the
effects of vibration. The disease White Hand syndrome can be caused by vibration, and the mechanism of
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the iliness has been reported (Ragni L., et al., 1999). In order to determine optimal properties of the mini
tiller, the vibrational mechanism of the tiller is analyzed and some measures for reducing vibration have
been introduced (Yang J., et al., 2005). The Finite Element Method (FEM) is an effective low cost method
used to achieve an optimized structure of agriculture machinery (Xu F., et al., 2008). The steering system
must also be flexible in agricultural equipment (Nafchi A. M., et al., 2011). The majority of the vibration is
from the engine and the vibration effect of different fuels must be considered (Heidary B., et al., 2013).
Studies on the transmission of vibrations from the blade to the body are not easy to analyse. Therefore, it is
crucial to establish a vibration model and reduce the vibration experienced by the operator (Fabbri A., et al.,
2017). Parts of the vibration is generated during the tilling process and the geometry of blade and the scoop
angle characteristics of a handhel @zhahg Y. H.eet als 2016p
Vibrational testing and a response analysis of the power tiller are essential (Xu H. B., et al., 2016).

The structure of mini tillers requires the structural optimization of the handlebars using vibration
modal analysis (Niu P., et al., 2017). In reference [15], pre-stress means are used to analyse the vibration
of the mini tiller, and the consistency between theoretical outcome and test data has been achieved (Wang
Z., etal., 2018).

Improving the handling comfort of the mini tiller is filled with challenges, due to several factors
contributing to the performance, such as rotation speed of the engine, the geometry of rotary blade, the soil
type, the depth and width of tilling (Vaghela, et al., 2013, Fajardo A. L., et al., 2014, Matin M.A,, et al.,
2015). High value-added agriculture needs more advanced equipment with low pollution and satisfactory
performance, especially in facility agriculture such as in the greenhouse. Therefore, tests for this study were
finished in the two soils of the greenhouse.

MATERIALS AND METHODS

Compared to field experiments, the theoretical analysis of the mini tiller is easy and cost effective to
conduct. However, not all the characteristics can be described precisely. For example, the soil model is
hard to build, and some details of soil structure must be omitted to simplify the model.

The experimental location was situated at 29.81° N latitude and 106.42 ° E longitude, and field tests
were completed on April 5, 2017. The mini tiller had worked for two years and its technique condition was
good. The air temperature in the greenhouse was 21.5°C and the soil texture was a sandy loam. The
parameters of mini tiller are listed in Table 1.

Table 1
Specification of the mini tiller

Mini tiller item Parameter
Engine type Four stroke direct injection
Related power 4.41 kW
Related rotation speed 3600 min/r
Cylinder number 1
Tilling depth 10-12 cm
Tilling width 75 cm
Transmission 2 forward and 1 reverse
Cooling system Air cooling
Blade Machete

The experimental scenario of mini tiller is recorded in Figure 1. The three-dimensional acceleration
sensor was 356A16, which was produced by the PCB Company in the US. The frequency scope was 0.3~6

kHz, and measured range was -50~50 g . In addition, the sensitivity of the instrument in x- , y- and z-
coordinate directions was 98.2, 101.0 and 98.5 mv/ g, respectively. The acquisition card was NI 9234,
which was made in NI Company in the US, the input voltage was -5~5 V and the rate of digital signal was
51.2 kHz . The vibration was transmitted from the rotary blade and engine to the body through the

handlebar of the mini tiller, so the acceleration sensor was attached to the end of bar using the 502 glue.
The coordinate directions of sensor and the whole measuring system are shown in Figure 1.
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An experiment was undertaken in a greenhouse, as described below. Firstly, the acceleration sensor
was situated outside of the handlebar, and uses a data cable to link the sensor, the acquisition card and
USB port of the laptop. Secondly, vibration signals from the mini tiller with no load were collected using
LabVIEW program when the tiller was operated. Thirdly, vibration signals were gathered while the tiller was
running with a full load. During the process, the throttle was fixed in the open position and the gear ratio
was unchanged. The experiments were repeated on two different grounds. Soil 1, had a moisture content of
13.5%, and average firmness of 0.41-0.63. The corresponding parameters in soil 2 were 9.4% and 0.58-
0.75, respectively. The principle of vibration signal disposing is described in Figure 2.
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Fig. 2 - The principle of vibration signal disposing

RESULTS

Results under different conditions are recorded and shown in Figure 3. The mini tiller working without
a load and the acceleration signal is shown in Figure 3a.

The mini tiller working under full load on soil that was less firm in texture is shown in Figure 3b.

In Figure 3c the experiment is repeated on a firmer textured soil.

The outcomes are expressed in a narrower frequency band in Figure 3d.
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Fig. 3 - Acceleration signal of the mini tiller under different conditions
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Fig. 3 - Acceleration signal of the mini tiller under different conditions

From Figure 3, it appears that the acceleration signal in the time domain occurs periodically. The
primary reason for this could be the configuration of rotary blade which is symmetrical, reflected as the
periodicity of curves. The variation in the curves could be attributed to the random firmness and moisture
content of the soil. Furthermore, the variable power output of the engine is also reflected in the curves.
While in the frequency domain, it is noted that the frequency spectrum is very distinct at the same frequency
band. It is hard to find the same peak and trough in Figure 3, and individual signals do not represent
characteristic vibrations during tilling. The application of statistics could be useful in describing the vibration
process. The root mean square (RMS) value of weighted acceleration is used to analyse the vibration signal
in the frequency domain, which can represent the vibrational energy, using the following equation:

8ms 1)

Where: g is the measured acceleration amplitude, [ms2];
n - the number of acquisitions;
a,..-the vibration acceleration RMS value, [ms=].
Accordingly, the results can be seen in Figure 4.

[ub)
& Ox direction Oy direction z direction
o
5% 40
= E 50 | 20452951 27.0127.84 26 34
- &/ Ul =576, 2
S X i 25.55
58 20.64 7] 19.53
22 20 r 1436
o @
m
G 10
7
0 -l 1 1 ]
untilling tilling 1 tilling 2

Condition

Fig. 4 - Vibration acceleration value in coordinate directions

In Figure 4, the acceleration at the end of the handlebar in the coordinate directions is different,
which may be caused by the different stresses in each coordinate direction. The soil surface is uneven
which result in the amount of tilling being varied, and the distribution of soil firmness is random. Therefore,
the acceleration amplitude in each coordinate direction is unique. In no tilling mode acceleration in the X-
coordinate direction it was 43% greater than that in the z- axis direction, while it was similar to the
acceleration in the Y- axis direction. Compared with tilling 1 and tilling 2 modes, the acceleration in X -

coordinate direction was 9% and 15% greater, respectively. Correspondingly, the acceleration in Y-

coordinate direction was 6% and 51% greater, and acceleration in Z- coordinate direction it was -22% and
10% greater, respectively. Overall, the acceleration in each axial direction was irregular, which was
generated by the random values of the different forces exerted.
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In the moving mode, the peak of vibration frequencies were 45 Hz, 216 Hz and 768 Hz, and the

corresponding amplitudes were 6.8 ms?, 10ms?and 5.6 Ms?, respectively. However, the distribution and
amplitude of the frequency in tilling mode 1 were significantly different to the values in the moving mode.
The vibration frequency peak in coordinate directions under tilling mode 2 coincided at 35 Hz, which is
dissimilar to other modes. In contrast to the moving and tiling mode 1, the acceleration in the X-

coordinate direction was 168% and 65% greater, while in the Y- coordinate direction, the acceleration was

55% and 70% smaller, and in the z- coordinate direction it was 25% and 44% smaller. The human body is
complicated in its reaction to vibration, resulting in different frequencies not being equally disruptive.
Namely, different internal organs of the body can have different masses, damping and elasticity, so the
resonance frequency within each is unique. For example, 4~8 Hz in the vertical direction and 1~2 Hz in the
horizontal direction are more sensitive than other frequencies for most people. Hence, it is necessary to
give the distribution of the frequency peaks (Table 2) and the vibration frequency of the mini tiller should be
kept greater or smaller than the frequencies humans are sensitive to in order to ensure handling comfort.

Table 2
Human reactions to RMS weighted acceleration levels
x-axis direction y-axis direction z-axis direction
Test Vibration Amplitude Vibration Amplitude Vibration Amplitude
frequency frequency frequency

[Hz] [ms?] [Hz] [ms?] [Hz] [ms~]
Moving 45 6.8 216 10 768 5.6
Tilling 1 527 11 397 15 20 7.5
Tilling 2 35 18.2 35 4.5 35 4.2

From the analysis above, it was noted that vibration frequency is diverse under different tilling
conditions. Therefore, enhancing the handling comfort of the mini tiller is difficult. It is convenient to use the

total acceleration value &, in any coordinate axis, because human reaction is a result of the whole

vibration input in three coordinate directions. The equation 2 is used for calculating the total weighted
acceleration value.

By =148, 448, & )

Z

Where:

a_ is the acceleration RMS value in x- coordinate axes, [ms];

a, -the acceleration RMS value in y- coordinate axes, [ms™];

a,-the acceleration RMS value in z- coordinate axes, [ms];

a,,,-the total weighted acceleration value, [ms=].

Using equation (2), the responding values were calculated as 51.8 ms?, 52.78 ms?® and 38.41ms?,
respectively. It is accepted that the acceleration level can be used to evaluate the riding comfort of vehicles
(Table 3). Comparing the tilling process results it is shown that the handling comfort of the mini tiller is
unacceptable, and possibly the reason why operators of the mini tiller are frequently injured.

Table 3
Human reactions to RMS weighted acceleration levels

Weighted RMS acceleration Description of human reactions
[ms?] /
0.315 Not uncomfortable
0.315-0.630 A little uncomfortable
0.5-1.0 Fairly uncomfortable
0.8-1.6 Uncomfortable
1.25-2.50 Very uncomfortable
2 Extremely uncomfortable
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Compared with studies reported in the literature (Vaghela, et al., 2013, Bahareh H., et al., 2013, Li,
et al., 2016), the RMS of test accelerations in this study were much greater. The distinction between
different internal combustion engines was not obvious, so the most probable cause lies in the process of
tilling itself, the key to enhance the handling comfort of the mini tiller. The stresses on the rotary blade of the
mini tiller are shown in Figure 5.

(0]

Fig. 5 - The stress analysis of rotary blade during tilling

The mechanism of the equilibrium of the blade can be described by equation 3 as :

¢ G+Ncosg -N,cosg F, sin g & 3)
:'Fl- F,cosg -F, N;sing Nt sin g |
Where:
Gis the gravity of blade, [ms?];
g - the angle between the line Oo and the line Om, [°];
N, -the clod pressure above the blade, [N];

N, -the clod pressure below the blade, [N];

F,-the force of blade roller, [N];

F, -the acceleration resistance, [N];

F,-the frictional force between the blade and soil, [N].

Furthermore, several forces can be described in more specific forms, which is convenient for
calculating results. For example, F2=a’md—v, and F,= N, - N,) +/AS, where gm signifies acceleration
dt

mass, /m shows friction coefficient between the blade and soil texture, Sexpresses the area of adhesive

water envelop, and A represents the absorbing load caused by water film. The parameters in equation (3)
can be measured and the results recorded under different conditions. Using equation (3), it can be
concluded that different tilling depth results in different clod pressures on each coordinate direction, and the
mechanical equilibrium also changes. A couple of dynamic parameters, including power output of the
engine, firmness of the soil texture, different tilling depths, and different acceleration forces, cause a
continuous couple and act on the rack of the mini tiller, creating vibration. If the changes of parameters are
large, intense vibration can be produced.

From Figure 5, the rotary blade cuts the soil into a small slice or clod and throws it to the shield in
each bite. If the firmness of soil is greater, then a smaller load may be finished in each bite, assuming the
power output of the engine is unchanged. Significant variation from the composite force of the blade is
generated due to the change of soil firmness and rotating fluctuation of the engine. The situation is
aggravated by the single cylinder of the engine which has a lopsided reciprocating and rotary torque. The
significant differences in experimental outcomes are due to the firmness of soil, and the relation between
the firmness and acceleration is shown in Figure 4.
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There is a paradox in Figure 4. The firmness in the first soil texture is smaller than that in the second
soil texture, while the acceleration of the handlebar is smaller in the two soils. In addition, the acceleration
at the end of the handlebar in the moving mode is greater than that of the acceleration in the tilling mode.
These results agree with that reported by Li, et al.,, 2016. During the process of tilling, more vibrational
energy is absorbed by the soil than that transmitted to the handlebar. If the tilling depth is increased, the
acceleration is reduced. It is not economical to decrease the acceleration by enlarging the tilling depth, as
this will cause higher fuel consumption by the engine and disperse more soil. Whether heightening the
tilling depth is feasible should be considered in another study.

CONCLUSIONS
The tilling process is complicated under changing conditions, with further studies, including
theoretical analysis and field experiments, needed to understand it.

1  The vibration frequency for the mini tiller is wide, and it is hard to keep the frequency within a
range to result in satisfactory handling comfort under different terrain and working conditions. It is feasible
to design an active system which matches diverse terrains.

T Test results show that the manipulatords bod
working. In the hilly and mountainous regions, how to transform vibration energy which is produced by the
rotary blade and the single cylinder engine into other energy form is more urgent.

1  The physical design of the mini tiller should be improved greatly. It is unreasonable to use a rigid
structure for the mini tiller. In addition, some elastic components should be included into the assembly of
the mini tiller to buffer the vibrational energy.
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ABSTRACT

The construction of a new pneumatic and mechanical seeding device for precision seeding of tilled
crops with peripheral location of cells on a seed disk and a passive device for removing unnecessary seeds
in a centrifugal method is suggested. It is assumed that the seeding device works even without the creation
of vacuum. The parameters of the seeding device have been determined analytically. It was proved that the
proposed design of the pneumatic and mechanical seeding device provides qualitative dosage of seeds
without creating vacuum in the system, but with a limited angular velocity of 11.25 rad/s.

To remove extra seeds in the pneumatic and mechanical seeding device we used pockets in the
casing of the seeding device above the filling section in which, under the influence of inertia forces, excess
seeds get in and are directed back to the filling section. In order not to remove the main seed along with the
extra seed when the rotation velocity of the seed disc approaches the velocity of the seeding device,
additional force should be applied that would keep the main seed in the cell, that is, the force of suction.

tr1dft
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INTRODUCTION

The formation of a single-seed stream is the main task for seeding devices of tilled crops. The
effectiveness of their operation is assessed by the quality of seed flow formation. The quality is higher if the
number of misfed seeds and "twin" seeds is lower. Both misfed and "twin" seeds negatively affect the yield of
crops. In the first case the number of plants decreases and in the second case the problem is their mass,
due to the ineffective distribution of feeding areas of the root system and the competition of the above-
ground part for obtaining sunlight.

Many scientists (Boyko A. I., 2003; Sysolin P.V., 2004; Amosov V.V., 2007; Sydorchuk O., 2014;
Voytyuk, D. G., 2005), studied the problem of the formation of single-seed flow. As a result, the designs of
high-performance pneumatic-mechanical seeding devices were created. They exceed technological
parameters of the best reliable mechanical devices. However, the quality of the operation of pneumatic and
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mechanical seeding devices considerably depends on providing the specified value of rarefaction in the
vacuum system for each crop and maintaining its stability.

In real conditions, with the intervention of unmanaged random factors, this is a rather complicated
problem which is confirmed by differences in the results of laboratory and field studies.

Therefore, the main task is to create the design of a pneumatic and mechanical seeding device which
operates with the least impact of the pressure changes in the system.

Having analyzed the design features of seeding devices for tilled crops precision seeding (Boyko A. I.,
2003; Sysolin P.V., 2004; Mursec B., 2007; Amosov V.V., 2007; Sysolin P.V., 2001), a perspective direction
of its improvement was determined.

The design of a unique pneumatic and mechanical device (Petrenko M. M., 2011; Petrenko M. M.,
2013) (Fig. 1) was developed at the Department of Agricultural Engineering of Central Ukrainian National
Technical University. The seed disk 1 has cells 2 which are formed by sectoral cut-outs of the disk and
blades 3. Externally, the cells are covered by the device casing 5.

Fig. 1 - The model of the pneumatic and mechanical seeding device
17 seed disk; 217 cell; 37 blade; 41 driving shaft; 51 casing; 6 i seeding outlet;
71 inactive appliance for removing extra seeds; 8 i vacuum chamber; 97 seeds.

The process of the seeding device operation is as follows. When the disk is rotating, the blades catch
a seed and automatically place it in a cell. The vacuum created in the system keeps the seed from
transverse tangential and radial displacement. In addition, the blades prevent the trapped particles to fall out
in the tangential direction, and the casing prevents falling out in the radial direction. In this way, the particles
move to the pocket 7 where the excess "twin" seeds are removed.

The suggested device has a significant advantage over the classical ones, since it ensures the forced
seizure of the seeds with blades and the constructive elements to be kept in cells. Let us consider the
operation of the device in the worst conditions with the absence of vacuum.

The analysis of the suggested design of the seeding device (Petrenko M. M., 2011; Petrenko M. M.,
2013; Vasylkovska K.V., 2016) allows us asserting that seeds can be caught, removed and dropped even
without the use of vacuum in the vacuum chamber.

MATERIALS AND METHODS
The objective of the research is to identify the performance of the suggested pneumatic and
mechanical seeding device in the conditions of an unstable vacuum in the system, in particular, when it is
absent.
Research tasks:
- creation of the physical model of the experimental pneumatic and mechanical seeding device;
- mathematization of the physical model if there is no vacuum;
- obtaining the correspondence which characterizes the performance of the seeding device if there is
no vacuum;
- the analysis of the correspondence and development of scientific and methodological
recommendations (Vasylkovska K. V., 2014).
Theoretical studies were carried out using the elements of theoretical mechanics, differential and
integral calculus and mathematical modelling. The research results were processed by the "MathCAD 14"
program.
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RESULTS

Let us consider the operation of the suggested pneumatic and mechanical seeding device if there is
no vacuum.

At the first stage a seed is caught by a blade (Fig. 2). In this case, it is possible to catch several "twin"
seeds in the YOZ plane (Fig. 2b). The tangential movement of the caught seeds with the absence of vacuum
is possible due to the corresponding ratio of centrifugal force to the gravity of the grain:

|
K=—21 1
G M)

where K is the property of kinematic mode;

| is the centrifugal force;
G is the gravity force.

Fig. 2 - Catching a seed by the blade:
O in the XOY plane; b i in the YOZ plane

Removing the captured "twin" seeds occurs in the pocket of the seeding device casing (Fig. 3).
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Fig.3-Remov al of the Atwind seeds in téimg pocket of the

To prevent the removal of the main seed, the velocity of its radial displacement and the angle of
pocket opening € (Fig. 4) must be such as to follow the assumption:

d
L<— 2
<3 )

where d is the diameter of the seed.
Let us consider the process of moving the main seed on the blade in the moving coordinate system
f - n in general case with an installed blade at the angle g to the normal (Fig. 4).

The seed is influenced by the gravity force G , the centrifugal force | and the friction force Fs  We

shall not take into account other forces as they are not important.
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Fig. 4 - Physical model of the seed movement on the blade in the pocket

The differential equation of the seed moving on the blade in the pocket is the following:
M= -f Gm? @ Gina + m&Qy Ginb )- m&y Gosv + mG”2 & @osa (3)

where G is the gravity force, G =mQy, [N;

| is the centrifugal force, | =m&? @, [N];

Fis 1 is the friction force, Ry .= f ON= f @mdn? & Gina + m@Ginb ), [N];

N is the normal response force, [N];

f is the coefficient of the seed friction on the casing material;

m is the mass of the seed, [kq];

b the angle of the blade adjustment vertically, p :%_ J +ag+umt;

/ s the angle of the pocket placement;
ag is the angle which defines the position of the blade beginning.

To shorten the mass m, we shall have:

S"=(f O @ GBina- f @&inb )-g@osv+ n? @ @osa (4)
From Fig. 4 we have: r Gina =r, @ina, = const
Therefore: r @osa = S+r, @osa,

where S is the movement along the axis f during the period of turning of the disk at the angle e.
We have the equation of second order with the fixed factor relatively to the required function S= (t):

Si- W S= f Cgé;in(%-j +ap+ Wt)-gC"a:os(%-j +ay+ m)+C (5)

C = f # Gy Ginay + W G, Geosa, -

After generation we have:

afOOS|na0+rocosa0+\/_(y p +\/§d® AN
-2 -/ - 2)o@™" +
(? 2 40,/2 COE(aO ./ ) 4@1/2 (aO / 4)9
L &f Gysinag +rc083 \/_Og . \/_ O Gy P8
@"- (6
ée 2 401/2 (a / 4 401/2 Cos(ao / 4 )9 ( )
- £ @, Bina, - 1, @osxa, - ——snla, -/ +ut)+—=codan-/ +ut
Qy 0-To 0 Y (o / ) ey 5(0 / )
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:EO 2 -e 2 2 Qeosag + f Ginag)+
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ay=ag-/ - %
The movement of a seed in the radial direction L is in the range of:
O<L=S®osao<% (8)

To fulfil the assumption (8), the seed should move in radial direction for the period of time needed for
the disk to return to angle €. That determines the size of the pocket of the inactive appliance for removing
excess seeds:

_e
=— 9)
w
where e is the angle which determines the size of the inactive appliance, [rad];
w is the angular velocity of the seed disk, [rad/s].
Thus, we get:
e 3 W, w & g
o, .20 ¢ " N
& 2 - 2 3 deosag + f Ginag)+ y
L=€ ¢ - U@osa . (10)
e ut
é, 2@y Cgcosaﬁ f Gina,)@" +(sina, - f Gosa,)@
€ 40V g J2dsin(ut+a-; )- cost+a- /) Bﬂ

We shall form the correspondence of the seed movement on the blade relatively to the disk rotation
angle at different angular velocities for the radially installed blade (Fig. 5) (Amosov V.V., 2007; Babak V. P.,
2004).

As can we can see on the graph of the dependence of the particle movement on the spade from the
disk rotation angle (Fig. 5), to ensure the ascent of the excess seed, the centrifugal force must exceed the
seed force of gravity, namely, the angular velocity must exceed the limiting value of 11.25 rad/s. With a
smaller value of the angular velocity the particle will move on the shoulder blade backwards which will result
in its falling to the pick-up chamber.
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Fig. 5 - Correlation of seed movement on the blade to disk rotation angle
at the angular velocity - W [rad/s]

17 30rad/s,27 25rad/s, 37 20rad/s, 47 15rad/s; 57 11.25rad/s; 67 10 rad/s
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However, when the rotation speed of the seed disk is approaching the seed drill speed, the main seed
along with the extra seed can be removed from the cell. For the guarantee that the main seed does not fall

out, it is necessary to use additional force that would keep it in the cell, which is the force of suction P .

CONCLUSIONS

The design of the new pneumatic and mechanical device increases the angular velocity of cells and
reduces their number on the sowing disk and significantly reduces thinning in the vacuum chamber.
Therefore, the proposed sowing device increases technological efficiency of seeding tilled crops and reduces
energy intensity.

Consequently, the proposed construction of a new pneumo-mechanical seeding machine with
peripheral arrangement of cells and inertial removal of excess seed allows the sowing of seeds of different
cultivars. Thus, the design of the seeding device can operate without the use of vacuum but with a limited
angular velocity of 11.25 rad/s.

The blade, which is behind the cell, allows you to reliably grab the seeds and hold it during movement
to the reset zone. In order that the main seed does not fall out together with the extra seed when the rotation
speed is approaching the seeding device speed, it is necessary to use additional force to keep the main
seed in the cell, that is, the force of suction.
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ABSTRACT

Under production conditions it was carried out a test with a drill CPH 2000 for direct seeding. It was
evaluated the quality of the drill work and the economical evaluation was done. Obtained results showed that
the average value of the practical depth of seeding was of 50.0+2.85 mm and, of practical rate of seed
sowing was of 94.0£0.5 seed/m. Economical evaluation of the drill use indicates reduction in fuel and
lubricants consumption per hectare of about 20.0 %, in comparison with traditional technology. These results
show that this type of drill can be recommended for wide use in agricultural farms.

RESUME
Léessai ddéun semoir CPH 2000 pour semis dirmbta a ®t

qualité du travail du semoir a été évaluée et I'évaluation économique a été faite. Les résultats obtenus ont

montré que la valeur moyenne de la profondeur pratique de I'ensemencement était de 50,0+2,85 mm et que

le rendement pratique de semis était de 94,0+0,5 grains/m. L'évaluation économique de l'utilisation du

semoir indique une réduction par hectare de la consommation en carburant et en lubrifiant d'environ 20,0%

par rapport a la technologie traditionnelle. Ces résultats montrent que ce type de semoir peut étre
recommandé pour une large utilisation dans les fermes agricoles.

INTRODUCTION

World experience of agriculture proved that deep annual tillage of the soil does not only bring benefits,
but also causes irreparable harm, strengthening erosion processes (Sysolin et al, 2008; Kosolap et al, 2010;
Kuksa, 2008). When the human influence on the soil became much more tangible, intensified, agriculture
faced the problem of rapid soils degradation and a sharp decrease in their fertility (Lihochvor, 2006; Novatski
et al, 2007).

Over the past hundred years, black earth soils have lost more than half of their potential fertility
(humus, nutrient reserves, structure and other properties) (Panichev, 2007; Skuryatin et al, 2008). These
phenomena are caused by large plowing of lands, widespread use of plowing, high intensity of tillage and
insignificant return of organic matter to soil. This problem can be solved with the help of the latest soil-
protective energy, resource- and moisture-saving technologies (Anderson 1997, Carr et al, 2007, Endres et
al, 2007).

The cost of agricultural products depends on the choice of technological operations and technical
means for their implementation (Warouma, et al, 2010).

According to traditional (classical) technology, a huge amount of resources are spent on tillage: fuel
and lubricants, fleet of machinery, working time, fertilizers, as a result, water and wind erosions increased,
the content of organic matter in the soil decreased and, on the whole, environmental condition got worse
(Markovskaya et al, 200; Medvedev 2003; Medvedev et al, 2004; Makurina et al, 2014).

The traditional technology of growing crops based on the use of plowing and which is a significant
consumer of energy resources (which largely affects the cost price of products) has already exhausted itself
due to the continuous degradation of soils and huge energy intensity. It has been established that 50% of
energy and 25% of | abour costs of field mechanized wo
system (Marchenko et al, 2009; Sysolin P.V., 2001).

Analysis of experimental research results and theoretical developments of the last decade determines
two possible ways for the further development of intensive agricultural technologies. The defining feature of
both is the desire to reduce spending and cost of production. This can be achieved through the creation of a
resource-saving technology, or the introduction of direct seeding technology based on chemicalization and
sowing on the minimum prepared field surface.
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Recently, in order to save fuel and labour costs, it is recommended to use combined till-plant
aggregates more widely (Gaidenko et al, 2014; Oleg, 2012; Salo et al, 2010).

The creation of combined till-plant machines is caused by high demands on the quality of pre-sowing
tilage and the need to reduce the time gap between tillage and seed sowing. Today, the market offers a
large number of combined machines with different types of tools (Kravchuk et al, 2004, Gaidenko, 2013).

Analyzing the economic indicators of various technologies of soil cultivation and sowing, we can
conclude that the transition to energy-saving technologies will provide economy of fuel from 13 to 87%
compared to the traditional ones. Significant in this case is also a reduction in labour costs (lvanishin et al,
2006). Direct seeding improves significantly soil lift and saves about 50% of the passage (Chervet et al,
2007). Specialized equipment is essential for successful direct seeding. But, for marketing purposes, dealers
and manufacturers of agricultural machinery give sometimes fake information on the technical and
operational performance of their products (Warouma et al, 2010). That's why it's important to test the
performance of these machines.

Therefore, in the conditions of each farm, specialists must clearly determine which technology and
with which set of agricultural machines the maximum profit will be achieved with minimal financial and energy
costs. The aim of this work was to reduce the production cost of plant growing by rational acquisition and
efficient use of agricultural park from modern agricultural machines for agrarian formations.

MATERIALS AND METHODS

The test was carried out in 2016 at the State Enterprise "Experimental farm "Elitne" at the Kirovograd
state agricultural experimental station of the National Academy of Agrarian Sciences of Ukraine.

The equipment used in traditional plowing is composed of units: tractor T-150 and cultivator 2KPS-4;
tractor MTZ-80/82 and seeder CZ-3, 6; tractor MTZ-80/82 and rollers 3KKSH.

The mechanical seed drill CPH 2000 of direct seeding with an operating width of 6.0 m was
aggregated with the tractor Case Puma 195 (Fig. 1).

Fig. 1 - Mechanical seed drill CPH 2000 for direct seeding (No-Till) aggregated with a tractor Case Pumal95

The mechanical seed drill CP 2000 for direct seeding consists of:

- batteries of disc knives with 34 pieces, staggered at a distance of 17.78 cm from each other, which
contributes to self-cleaning from plant residues. The pressure of the knives on the soil is 203 kg, which is
sufﬁment to ensure cuttlng of plant re5|dues 50|I and formation of furrow up to 15.24 cm in depth (Fig.2,a);

b)
Fig. 2 - The components of the mechanical seed drill CPH 2000 for direct seeding
with the tractor Case Puma 195: battery of disc knives (a), mechanical seed drill (b)
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- mechanical seed drill with 34 double-disc openers, which have an operating stroke of 27.94 cm and
provide a seeding depth up to 8.9 cm, in the range of opener pressure on the soil from 45.36 to 63.05 kg.
The bunker consists of 2 compartments for seeds and fertilizers; the capacity is respectively 1691.5 and 540
litres. The length and height of the seed drill are 6.0 and 2.49 m, respectively, with a mass of 4715 kg (Fig. 2,
b).

For the unit, the working speed, as provided by the manufacturer, was 10 + 0.5 km/h.

When carrying out production tests, the unit performed a technological operation i sowing of cereals
(winter wheat) with the simultaneous application of granulated mineral fertilizers and packing the crops on
the field after pre-sowing cultivation.

The established rate of seed sowing was 200 kg/ha, fertilizers i 61 kg/ha. The established depth of
seedingwas i 50 £ 0.5 mm.

Determination of moisture and hardness of the soil was carried out in accordance with GOST 20915-
75 "Agricultural machinery. Methods for determining the conditions of tests", respectively, humidity was done
by thermo-mass method and hardness i with a hardness tester. During the operation of the unit, a rectilinear
mode of movement was selected with loop pear-shaped turns in a circle (Fig. 3).

b =900m

m7

Fig. 3 - Scheme of the accounting area and movement of the unit

During the work it was done a periodical controlof t he operationds main par ame
investigation (engine speed, the slip of driving wheels; the working speed of the aggregate, the value of the
engine load index), the values of which were fixed from the control panel of the tractor.

The operational and technological evaluation of machine-tractor aggregates was carried out in
accordance with GOST 24055-88, while determining (Gritsishin et al, 1992):

- productivity per hour of operational time (Won), ha/h:

Won =W / (T1 + T2) (1)

where W is the volume of a performed work, ha;
T1 1 the time for which the machine performs the main work (sowing), hour;
T» 1 the time for which the machine performs additional work (turn, loading of seeds, etc.), hour.
- productivity per hour of shift time of work (Wem), ha/h:

Wcm:W/(T1+T2+T3+T41+T5+T6+T7) (2)

where u3 1 time for machine maintenance, preparation for work, hour;
U41 - time for elimination of technological malfunctions, hour;
Ts - time for rest, hour;
Ts - time for free movement, hour;
T7 - time for testing the machine, hour.
- productivity per hour of operating time (Wex), ha/h:

Wek =W/ (T1+Ta+Ts+Tar+Ts+ Te+ Tz + Ta2) (3

where T42 T the time to eliminate technical problems, hour.
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The investigated coefficients were determined by such formulas (Listopad et al, 1986):

- use of driving time:

Ka=T1/(T1+T2) (4)
- technological services:

Ki=T1/ (T1+T3) (5)
- reliability of the technological process:

Ko=T1/ (T1+ Ta) (6)
- reliability of the technical process:

Ks=T1/(T1+ Ta2) @

The evaluation of the quality of the drill's work was done in accordance with OST 70.5-1.82 for the
following indicators: the correspondence of actual seeding depth to the specified depth; the deviation of the
actual rate of seed sowing from the preset one; straightness of longitudinal rows.

The depth of seed sowing was determined by their direct arrangement in a row on the day of sowing.
For this purpose, three survey sites with a length of 1 m and a width of two passes of the planter were
planned. The distance between the counting sites along the aggregate course was 10 m. The number of
measurements was 100.

To determine the practical rate of seed sowing, the sowing machines poured a certain number of
seeds with the expectation that it would be enough for several passes of the drill. The rest of the seeds were
selected and weighed. By the difference in the weight of the seeds that was covered, and the residues, the
amount of seeds actually sown was determined.

The straightness of the longitudinal rows was determined in three rows 25 m long, disposed
diagonally. On each of the repetitions of the experiment, the distance from the centre line of the row to the
centre of the plants was measured. The centre line was found by placing the cord in the centre of the rows.

To compare the two technologies, the indicators such as costs of time, costs of fuel, labor and
lubricants were determined.

RESULTS

1 Results

The location of the test had the following characteristics: precursor i annual grasses; number of
standing plant residues from 0.3 to 0.5 pcs/m?; average diameter of plant residues from 3 to 5 mm; the
average length of standing plant remains is 0.18-0.12 m; weight of plant residues up to 10 g/m?; the relief of
the field surface is a plateau levelled, the slope is up to 1°.

The moisture content in the layer from 0 to 5 cm was 8.6%, from 5 to 10 cm i 12.73%. The average
moisture content of the sowing soil was 10.66%.

The soil hardness value in the layer from 0 to 5 cm was 2.45 kg/cm?, in the layer from 5 to 10 cm i
2.73 kg/cm?2. The average value of the hardness of the soil seed layer was 2.59 kg/cm?2.

During the operating movement of the unit, the parameters studied had the following numerical values:
engine speed 2043 + 35 rpm, the slip of driving wheelsi 4.86 + 1%; the operating speed of the unit was 8.64
+ 0.55 km/h (Table 1). Since the tractor, which was part of the seeding unit, passed the running-in period, the
value of the engine load index was in the range from 75 to 80%.

Table 1
Values of the studied parameters during the operating movement of the unit
- Parameter Rl Average
1 2 3 4 5 6 7 value

Engine rotational frequency. »560 | 2070 | 2000 | 2040 | 2060 | 2050 | 2020 | 2043+35

rpm
2 |Slip of driving wheels,% 4 5 5 6 5 4 5 4.86+1
3 |Operating speed of thel g/ 8.5 95 8.1 8.5 9 84 | 8.64+055

machine, km/h

When the drill was working on the processed soil, due to the growth of the rolling resistance
coefficient, it was self-deepening.
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The results of the duration cycles of unit work are shown in Table 2.

Table 2
Duration of cycles
B T of Duration of cycle Repetition Average value on
position (min) with: | Il Ml repetlltlons
(min)
1 1-2 Operating stroke 6 6 5 5.40
2 2-3 Turn 2 1 2 1.40
3 3-4 Operating stroke 5 6 6 5.40
4 4-5 Turn 2 2 2 2.0
5 5-6 Operating stroke 6 6 5 5.40
6 6-7 Turn 2 2 2 2.0
7 7-8 Operating stroke 5 6 5 5.20
8 8-9 Turn 1 2 2 1.40
9 9-10 Operating stroke 6 5 5 5.20

Thus, the average operating time of the unit was 5 minutes 32 seconds, of a turn i 1 minute 50
seconds, of the operating cycle i 7 min. 22 seconds. The structure of the operation cycles of the unit during
the studied period is shown in Fig. 4.

6.6% 11.9%
42.6%
0.5%
2.9%
17.3%
18.1%

B Main work @Turn OLoading of seed
@ Drill setting @ Technical malfunctions ORest

B Free movement

Fig. 4 - Structure of operation cycles of the unit during the period under study

When the indicators of the unit performance were calculated, it was found that within the range of
changes in the duration of the operating stroke from 5 min up to 6 min, the value of work productivity varied
from 4.6 to 5.5 ha/h. It was established that with an average value of the unit operating stroke duration of 5
min 32 s, the work productivity value per hour of the main time was 4.69 hectares.

The productivity of operative time per hour was 2.56 hectares, variable time 7 2.01 hectares,
operational 1 1.99 hectares.

The investigated coefficients had the following values: use of the movement time 0.7; technological
maintenance 0.94; reliability of the technological process 0.99; reliability of the technical process 1; the
specific fuel consumption was 7.6 I/ha. According to the results of the researches, the seeding depth value
ranged from 47.6 to 53.3 mm. The average seeding depth value was 50 + 2.85 mm (Table 3).
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Table 3
Results of seeding depth measurements
. Average value on repetitions Average value of an
Indicator .
I I Il experiment, mm
Depth of seeding, mm 53.3 47.6 49.2 50.0+2.85

According to the results of the researches, the value of actual seed sowing ranged from 93.4 to 94.4
pcs/m. The average value of the actual seed sowing was 94.0 + 0.5 pcs/m. The deviation of the actual seed
sowing from the preset rate ranged from 1.9 to 2.9%. The average value of seed sowing deviation was 2.3 +
0.5% (Table 4).

Table 4
Results of determination of seed sowing practical rate
Average value on repetitions Average value of an

Indicator .
| I 1] experiment, pcs/m
Seed sowing practical rate, 94.2 94.4 93.4 94.0£05
pcs/m
Deviation from the preset rate, % 121 1.9 12.9 12.3+0,5

According to the results of the researches, the value of the longitudinal rows straightness fluctuated
within £ 5 mm.
The obtained results make it possible to determine the economic efficiency of using this aggregate
(Table 5).
Table 5
Economic efficiency of use of a mechanical seed drill CPH 2000 of direct seeding
Comparison of technologies
Indicators Direct Sowing Technology
(No-Till)
Winter wheat

Traditional

Tractor T-150 +
cultivator 2KPS-4;
Composition of the aggregates that are | The Case Puma 195 tractor | Tractor MTZ-80/82 +

involved + seed drill CPH 2000 seeder CZ-3,6;
Tractor MTZ-80/82 +
rollers 3KKSH

Costs of time, man-hour/ha 0.99 0.76
With traditional technology,% 30.3 100
The costs of fuel and lubricants, I/ha 7.6 9.5
With traditional technology, % -20.0 100
Labour, fuel and lubricants costs UAH*/ha 167.2 209.0
With traditional technology, % -20.0 100

* UAH- Ukrainian Currency: 1USD = 26 UAH

Economic evaluation of the use of this drill indicates a reduction in the cost of fuel and lubricants and
total costs per a hectare by 20.0%, in comparison with the traditional technology.

1 Discussions

According to the obtained results, the actual operating speed of the unit (8.64 + 0.55 km/h) was less
than the working speed set by the manufacturer (10 £ 0.5 km/h), this is due to the operation of the unit on the
field after preliminary processing of soil, the hardness of which in the upper layers was 2.45 kg/cm?Z.

According to the results of the researches, the seeding depth ranged from 47.6 to 53.3 mm. The
average seeding depth was 50.0 + 2.85 mm, which corresponds to a technologically specified value.

Also, the value of seed sowing practical rate ranged from 93.4 to 94.4 pcs/m. The average value of
actual seed sowing was 94.0 + 0.5 pcs/m, which corresponds to 198.3 kg/ha. The established rate of seed
sowing on the seed drill was 203 kg/ha, which corresponds to 96.23 pcs/m. The deviation of the practical
seed sowing from a given norm ranged from 1.9 to 2.9%. The average value of the seed sowing deviation
was 2.3%, which does not exceed the allowable values of agrotechnical requirements (3.0%).
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The value of straightness of longitudinal rows fluctuated within + 5 mm, which does not exceed the
allowable values of agrotechnical requirements £ 10 mm.

When the drill was working on the processed soil, due to the growth of the rolling resistance
coefficient,itwasself-d eepeni ng, which convinces the efficiency of

The costs of fuels and lubricants were 9.5 litres per hectare with traditional technology, and 7.6 litres
per hectare with direct seeding technology (untreated soils). These figures are not confirmed with the found
figures (Salo, 2010) when using the scarifier-drill KRU-4, where the costs of fuel and lubricants were 11.0
I’/ha and using the till-plant complex for sowing cereals, where these costs were 9.9 I/ha (Gaidenko, 2014).

Economic evaluation of the use of this drill indicates a reduction in the costs of fuel and lubricants and
total costs per hectare by 20.0%, in comparison with the traditional technology. These figures are consistent
with the results (Vanishina, 2006), where they were in the range of 13 to 80%, but do not confirm the results
(Warouma et al, 2010), where they are between 8.1 and 10.0% in two different fields (Gaidenko, 2013) and
where in the implementation of major agrotechnical operations, the reduction of costs were 11.5% compared
with the traditional technology.

CONCLUSIONS

The use of direct seeding technology is one of the ways to reduce costs for technological operations.
In comparison with conventional tillage, the direct seeding system is characterized by the decrease in fuel
consumption, in work time, in labor, in agricultural tools passages number and in tools used number.

The costs of fuels and lubricants for direct sowing and traditional technology have the order of 7.6 I/ha
and 9.5 I/ha, respectively; labour costs, fuel and lubricants for direct sowing and traditional technology have
the order of 167.2 UAH/ha and 209.0 UAH/ha, respectively.

The use of a mechanical seed drill for direct seeding of the CPH 2000 series, when assembling with
the Case Puma 195 tractor, carrying out the technological operation i surface tillage with simultaneous
sowing of winter wheat, local application of granular mineral fertilizers in a row and packing of crops, satisfies
agrotechnical requirements and according to preliminary conclusions, can be recommended for widespread
use in agricultural enterprises.

These results would allow developing a complex of high-productive soil-cultivating and sowing
machines, and can be also used in developing typical rates of production and consumption of fuel for this
unit.

It would be necessary to continue this research in the future by doing a production performance
analysis to make much more complete comparison of the two technologies.
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ABSTRACT
The value of the grain seeds is in the ability to germinate and ensure high yields. The main
technological process for preserving the properties of seeds is drying. The proper carrying out and providing
of rational modes of drying is a necessary condition to preserve the high ability to germinate. For the object
of drying we have taken wheat seeds to determine the rational regimes. The research of the drying process
kinetics is carried out on a convective drying stand in the following modes: coolant temperature in the drying
chambert=50-8 0 e C, v el o-t.% /g Th¥ highestlnteBsity of drying occurs from an increase in the
temperature of the coolant from 50 to 80°C in 3 times, but the main indicator is wheat maximum permissible
temperature, which, at the coolant temperature of 50AC
The biochemical indicators of wheat seeds were determined in the laboratory of the Institute of
Technical Thermophysics according to the method on the 7th day of germination. The results of the
researches showed that the best results of wheat germination were at 50°C at the level of 96%. Coolant
temperature of 80°C has the most negative influence on wheat germination as the seeds lose their
properties.
The analysis of the three-factors of influence, such as temperature and speed of coolant, as well as
wheat initial humidity, on seed drying time and germination is done.
The obtained regression equations and obtained response surfaces of seed drying time and
germination enableusto eval uate the process in terms of drying pa
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INTRODUCTION

The problem of drying wheat seeds has been raised by various authors and it requires the choice of
the most rational drying regime. Different approaches and different technological equipment may not always
accurately reflect the choice of the desired drying regime. The elevated temperatures of the coolant during
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wheat seeds drying are given in works (Koval enko [. ¢., Kosovska N. V), 201
associated with the conditions of passing the grain through the drying chamber of the shaft dryer, where
additionally the following drying factors are added: the velocity of the coolant and grain, the height of the
grain layer, the hydraulic resistance of the layer, constructive features and other conditions. Under laboratory
conditions, when drying in the elementary layer (Matkivska l.Ja., Atamanyuk V. M., Symak D., 2014), drying
modes can be characterized more adequately and reliably, but there is a problem with the transfer of
research results to industrial installations. The main criterion for evaluating seed grain quality is wheat
heating temperature, which is determined by seed germination ability.

To determine wheat seeds germination, the author has proposed to dry the wheat seeds from 80 to
120°C and step modes with an increase in temperature of 80/100 and 80/120°C (Podpryatov G.l.,
Nasikovsky V.A., 2005). There is no indication of the effect of these drying conditions on wheat seed
properties, only the storage modes are mentioned. In particular, it is indicated that wheat seeds should be
stored during the first month with a moisture content of 18.0-18.5%, thus increasing the ability to germinate.

Similar modes of drying are represented in the research work of Kovalenko O.A. for drying wheat at
80 - 120°C and stepwise drying mode at 80/100 and 80/120°C. The presented studies show that at the
temperature of 80°C the germination is 89-94,5%, while in stepwise mode it is 63-81%, which cannot be

recommended for seed grainatall(Koval enko [.¢., Kpsovska N.V., 2012
In the work of Savchenko S.V. the drying of wheat seeds was carried out in a gravitational-moving
layer at the temperature of the heat carrier 70 -8 5 Uwu , and at the same time the t

grain was 50 - 6 2 U8avchenko S.V., 2009). The greatest germination of wheat seeds at the temperature of
70°C is 90%, and at an increase of temperature it is 85 - 83%.

In the research work of Mat ki vska V., the conditio
anal yzed. The germination at a dr yi niwly, ts®@IN@8ea0,a80% hne of 4
this case, it is recommended to use the temperature of 60°C, although it would be desirable to choose a
temperature of 50°C according to the results of the experiment (Matkivska I.Ja., Atamanyuk V. M., Symak
D., 2014).

MATERIALS AND METHODS

The high cost of seed grain and energy has set the task for us: to pick up such drying regimes, that
can provide the high quality of seeds, while minimizing the specific heat consumption of the process.

Describing the processes of grain drying, they can be conditionally divided into soft and rigid drying
regimes. The first one is characterized by a relatively low temperature and drying agent speed. In a soft
mode, the processes of heating and drying the grain pass with a relatively low speed. The rigid mode is
characterized by increased temperature and speed of the drying agent. From the economic point of view, it is
desirable to dry the grain in rigid mode with a decrease in the drying time. However, in rigid mode due to
intense heating and dehydration there is deterioration in its quality: cracking of seeds, change in colour,
partial or complete destruction of the embryo, deformation of tissues.

The application of high temperatures at the beginning of wet grain drying process leads to a rapid
dehydration of its surface, which makes the shells less permeable to moisture (the phenomenon of thermal
"quenching" of the grain). Under these conditions, a water vapour forms in the surface layer, the output of
which becomes complicated. It is therefore recommended to dry the seeds at relatively soft temperature
regimes. In soft mode, drying does not have a complete guarantee of preservation of seed grain properties,
so during prolonged low temperature drying (depending on the environmental parameters) the formation of
mould on the surface is possible, and as a result, the damage of the seed material.

The main parameters that determine the choice of the drying mode and the achievement of high
quality indicators of dried seeds are the temperature of the drying agent, the grain heating maximum
temperature, the seeds initial humidity and the duration of their drying. The initial moisture content of grain
¥ o greatly affects the intensity of the drying process and determines the choice of the maximum allowable
temperatures for heating the grain and the maximum temperatures of the drying agent.

The maximum permissible temperature for the grain intended for seed is determined based on the
conditions of energy storage of its germination capacity. With the increase in humidity and the duration of
grain presence in the heated state, the maximum allowable temperature of it is reduced.

The works of S.D. Ptitsina, M. Hutchson, V.l. Zhidko, O.N. Katkova, V.A. Rezchikov, N.N. Nevsky,
V.L. Prokofiev, K.S. Esbolganov are dedicated to the determination of the maximum allowable temperature
of heating the grain (table 1).
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Finding the maximum-permissible temperature of seed grain in the proposed formulas of S.D.
Ptitsina and M. Hutchison depends on the initial humidity and the time of heating the grain t.

V.l. Zhidko determined the maximum allowable temperature of the grain heating by introducing the
coefficients and values of the heating time t, n, k and the grain moisture content ¥ .

O.N. Katkova, V.A. Rezchikov on the basis of processing the experimental data proposed the
empirical formula, depending on the mass air velocity V }, which characterizes the state of the layer (on
which the drying time depends), the humitdity ¥ and the

N.N. Nevskaya and V.L. Prokofiev, based on the mass spectrometric radiation of wheat drying
features, proposed the dependence of the maximum permissible grain temperature on the humidity ¥ and
the drying time t.

K.S. Esbolganov, under the conditions of recirculation drying, proposed to use grain mass
concentration in the heating chamber €, the temperature of the coolant t and the value of the moisture
content ¥ ¢ to calculate the maximum permissible temperature of heating wheat seeds.

Table 1
The equation for determining the maximum permissible temperatures for heating the seeds

B Researcher Equation - Eq. Source
q .= 2350 +20- 10ig 7,
1 S.D. Ptitsin 0,37(100- np) + g @ (Melnik B.E., Malin N.I., 1980)

where: ¥, - initial humidity of grain,%;
U- time of grain heating, min.

(Shchitsov S.V., Tikhonchuk

G, 1=122,07 5,41lg¢ - 441 Ig¥ o, P.V., Krivuta Z.F., Kolzov A.V.
2 M. Hutchinson where: ¥, - initial humidity of grain,%; ) 2016;
U- time of grain heating, min. Shchitov S.V., Krivueca Z.F.,
2012)
G=tin btk @®)

where: to, n are the constant coefficients obtained
experimentally for grain with normal gluten
to = 88, n =-2,15;
ki coefficient depending on the duration of drying Uand

3 V.1. Zhidko moisture content of the grain: (zhidko V.1, Atanazevich V.1.,

1982)
t-90
k=003 - ——— @)
0,02347
where: ¥ - current moisture content of grain,%;
U- time of grain heating, min.
(\/,,)0,13
9, =1800 =52
4 V.A. Rezchikov, mt ®) (Rezchikov V.A., Dubinicheva
R.P. Dubinicheva where: V | - mass velocity of air, kg/m?; R.P., 1988)
¥ - grain moisture content,%;
t - coolant temperature, °C
_ 900+ 273w+ W 10k ¢
5 N.N. Nevsky, 9= w - 1047, (6) (Tits Z.L., 1967)
V.L. Prokofiev o

where: ¥ - grain moisture content,%;
U- time of grain heating, min.

It is most appropriate to determine the drying regime according to the biological properties of the grain.
Acceptable values of temperatures at different time values of impact on the grains, which does not affect the
processes of life in it, depend on the moisture content of the grain i the higher the humidity, the lower the
permissible values of temperatures.

An irreversible decrease of wet grain lifetime begins at 55°C (coagulation of protein in the germ and
aleuronic layer), and of dry grain at 65°C. During drying it is necessary to reduce the final temperature of
heating of seeds by 10-1 2 & , which wil/ allow to preserve thhe seed
results of the investigation of physical processes during the drying of grain, 2018).
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Fig. 1 - Change grain permissible temperature during drying
for different humidity of seed grain

It is necessary to apply a milder drying regime for seed grain. According to M.G. Golik, a complete
loss of wheat seeds germination occurs when heated to 60°C, at initial moisture content of 20% and higher.
The germination of unprocessed seeds at a humidity of 20% was 97%, when heated to 45, 50 and 55°C, the
germination was 87, 82 and 47% respectively. The intensity of moisture removal, which should not exceed
5%, was indicated in the work. (Golik M.G., Delidovich V.N., Miller B.E., 1972).

In the work of Savchenko, the studies on the germination of wheat seeds differ significantly from the
data presented by M.G. Golik. Experimental studies are carried out at the temperature of 75, 85°C,
respectively, heating the grain up to 50.56°C with a germinating capacity of 90 and 85% respectively
(Savchenko S.V., 2009).

The temperature change of the grain and the reduction of the material mass were determined using
special devices and the developed program in an automatic mode on a convective drying stand. In order to
assess the quality of the wheat seeds, the standard methods of research were provided by SS 4138 - 2002
and SS 2240 - 1993 (State Standard 4138 - 2002, 2003; State Standard 2240 - 1993, 1994).

The research program involves removing the wheat drying kinetics by recording the changes in the

mass of the material, temperatures of the coolant and in the middle of the material (fig. 2).
6 9 7 9

a / \ S g7

\ / /

= \n%}\u/ eS|

‘ ~

“ -

5
S

Fig. 2 - Scheme of the experimental stand:
1 - drying chamber; 2 - heater; 3 - fan; 4 - temperature controller; 5 - control panel; 6 - thermometers; 7 - pipe fittings;
8 - psychrometer; 9 - special gratings; 10 - a bar of scales; 111 scales
RESULTS
An example of removing the kinetics of the wheat seed drying process at a coolant temperature of

50°C and a flow velocity of a coolant of 0.5 r_n/s is shown in fig. 3 _

CHE APED REMESmE - 15:20:23 ] |
| Dapaterns e 1] [Hacrpuins soms samwase TS ———r—— il

e 1 (=== e ]

"

Fig.3-Remov al of kinetics of wheat.drying at the
and the speed of 0.5 m/s
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The main direction of the intensification of wheat seeds drying process is coolant temperature; the
higher the temperature, the drying rate increases (fig. 4).

H‘umidity, %

Humidity, %

H, m

(b)

Humidity, %

2 i 1

H,m

()

Fig. 4 - Curves of wheat seed drying depending on the coolant temperature,
at initial humidity of material 16 (a), 20 (b), 24 (c), 1.5 m/s

1-50°C; 2-65°C; 3-80°C

The increase of the coolant temperature accelerates the drying process, so at a temperature of 80°C
compared with 50°C, the wheat drying is faster by almost 3 times. The initial moisture content of the material
increases the drying time, so the duration at a moisture content of 24% to the final moisture of 13% is 57
minutes, and a decrease of moisture up to 20% reduces the duration of the process by 16 minutes.

On the presented temperature curves of wheat seeds heating it can be seen that the material is most
rapidly heated for 6 - 8 minutes, and then there is a gradual heating to the final temperature (fig. 5). So the
final temperature is: at 50°C - 48,6°C; 65°C 1 62,26°C; 80°C - 74,62°C.

80

70

60

Grain temperature, 0C

3

//

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

44 46 48 50 52 54 56 S8
H, m

Fig. 5 - Temperature of wheat seeds heating during drying period
at initial humidity of material 16 (a), 20 (b), 24 (c), 1.5 m/s

1-50°C; 2-65°C; 3-80°C

Wheat seeds drying rate, depending on the coolant temperature, is shown in fig. 6. When wheat seeds
are dried, there is a period of warming up of the material and a period of falling drying rate. In the period of
warming, the material is heated and a partial evaporation of the moisture from the surface layers takes place.

Fig

Drying speed, % m

Humidity, %

. 6. Curves of wheat drying rate at an initial humidity of 24% and

coolant speed 1.5 m/s from temperature
1-50°C; 2 - 65°C; 3 - 80°C
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The maximum drying speed at a temperature of 80°C is 0.95%/min., the decrease to 65°C reduces the
speed up to 0,67%/min, and when reduced to 50°C, it is 0,41%/min.
The curves of wheat seed drying from the effect of the heat transfer velocity showed that with an
increase in the velocity of the coolant from 0.5 to 1.5 m/s, the increase in the drying rate is 7.3%. Drying
occurs to the final moisture content of wheat 13%, which corresponds to the equilibrium moisture content of

the material (fig. 7).

Fig. 8 shows the curves of the drying speed at different coolant flow velocities, so at coolant velocity of
1.5 m/s the maximum drying speed at 18.6% humidity corresponds to 0.3%/min. At coolant flow velocity of
0.5 m/s, the drying rate is reduced up to 0.25%/min, namely by 20%.

/

Humidity, %

Fig. 7 - Curves of wheat seed drying at coolant flow

H,m

velocity and a temperature of 50°C
17 0,5m/s; 27 1,0m/s; 37 1,5m/s

Drying speed, %/m
\

/£

1

Humidity, %

Fig. 8 - Curves of drying rate of wheat seeds from the
coolant flow velocity at the temperature of 50°C
17V 0,5m/s; 27 1,0m/s; 37 1,5m/s

The rational drying regime was determined by the biochemical properties of wheat seeds, depending
on the temperature, the initial humidity and the coolant flow velocity (table 2).

Table 2
The influence of drying parameters on wheat germinating capacity on the 7-th day of germination
Temperature of the Initial moisture content ; TS
drying age of grain,% Drying agent speed, m/s Seed germination,%
Output - - 99
50 16 1.5 96
50 20 0.5 96
50 24 1.5 96
65 16 1.5 94
65 20 0.5 93
65 24 1.5 90
80 16 1.5 1
80 20 0.5 9
80 24 1.5 0

From the data given in tab. 2, we can draw a conclusion about the significant influence of these
parameters in the area of high temperatures. Rational drying mode is the temperature of 50°C, where the
influence of the initial moisture and the speed of the drying agent are not significant.

Germination, %

parameterso6 i

nfl

Germination, %

1004
90
80
704

96 o3

The speed of the drying
agent, v = 0,5 m/s

Basic grain
germination- 99%

Initial humidity of the
grain - 20%

The graphs of the drying
germlnatlon are shown in flgure 9.
Germination, %
1004 96- 100 96
94 90
904
f 504 { The speed of the d
The speed of the drying speed of the drying
| agent, v=1,5m/s 704 | agent, v = 1,5m/s
Ba J | Basic grain
gemination- 99% 80 gemintion- 99%
| Initial humidity of the 2 | Initial humidity of the
| grain - 16% 40 | rain - 24%
30+
20
104
1 0
T
50 65 80 T.cC 50 65 80 T.°C

a)

6)

50 65 80 T.°C

8)

Fig. 91 The effect of drying parameters on wheat germinating capacity on the 7-th day of germination
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We can assess visually the influence of the coolant temperature on the presented fig. 10.

—

Output 50 65

Fig. 107 The influence of coolant temperature on the germinating capacity of wheat seeds on the 7-th day of
germination at the initial moisture content of 20% and the speed of 0.5 m/s

For a mathematical description of the wheat drying process in an elementary layer, we take a three-
factor experiment in accordance with an orthogonal compositional plan of the second order.

The total number of points in the plan is determined by:

N = 2"+ 2n + No; Q)
where: N1 = 2" - number of points of the factor space, determined by the core of the plan. For a three-factor
experimentn =3, thatisN1 =28=8

N2 = 2n = 6 - the number of stellar points;

No = 1 is the number of central (zero) points of the plan.

So, holding a three-factor experiment on three levels requires the conducting of 27 experiments.

Thatds why it is necessary to establish the opti mal
solved using modern methods of planning an experiment, in particular mathematical, the basis of which is
the creation of a mathematical model in the form of a regression equation.

In orthogonal central planning, the criterion for optimality of the experiment plan is the orthogonality of
the planning matrix columns. Because of the planning orthogonality, all the coefficients of the regression
equation are determined independently of each other. The core of the composite plan is the plan for a
complete factor experiment CFE 2",

Experiment planning included the following steps:

i compilation of the coding table of factors and levels of variation;

I drawing up a plan - matrix;

I conducting the experiments according to the plan-matrix

I compilation of the regression equation and definition of the coefficients of the equation;

I analysis of the mathematical model in the form of a regression equation.

In the first stage we will compile a table of factors and levels based on the results of the research on
a convective drying stand (table 3):

Table 3
Factors and levels of variation, that influence the wheat seed drying process
Factors
Indexes Heat carrier Material
Temperature Speed Initial humidity
t, U d V, m/s Wo, %
Top (+1) 80 15 24
Average (0) 65 1.0 20
Lower (-1) 50 0.5 16
Variable interval 15 0.45 4
Code mark A1 n2 n3

According to the plan, the research was conducted using three levels for each factor - upper (+1), zero
(0) and lower (-1), the code values of which were determined by the formula:
_t-t, t-65, _V-\V, V-10, _W-W W-20
= == X, = =, X = ’ (2)
g 15 e 0,5 e 4
where: to, Vo, Wo T the value of the factors at the main level, respectively, the temperature and velocity of the
coolant, the initial humidity and the height of the canola layer;

(, 3, &7 the interval of factors variation.
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The mathematical models of the process were constructed in the form of regression equations:

YASS
y=a +ax &% a% arx a% at 3)
+Ha,X % LXK By XX

The coefficients of regression can be determined by the following formulas:

N N
=8y aha azhd ny A =RA K- DU 3 =hE XY @
k=1 P4 k=1 k=1 k=1
where: q - the value that provides the orthogonality of compositional plans:
q:%(zn 2F) %(? 2+1,205 ) 0,7 (5)

bo, b1, b2, b3 elements of the plan matrix bo = 0.0667; by = 0.0913; b2 = 0.125; bz = 0.298.
The estimation of t h ecalarlatingo thes estimates rofi thenocoedfficientd ef rthe
guadratic regression equation is calculated by the formulas:

S: =E +Cf6;. g < :E . S =& . S =E (6)
0 m $ o ai m %’ aij m $' aii m $'
where:
S?, - estimation of the reproduction dispersion:
1.0
k=1

Recommended form of the plan matrix and the results of experiments on Podolianka variety wheat
seeds drying are presented in table 4.

Table 4

The plan matrix and the results of the experiments on Podolianka variety wheat seeds drying
~ Experimental conditions t, | &,

1 n2 n3 n2y nZy 23 AlA2 | mLln3 | m2n3 nl n2 n3 min| %
1. -1 -1 -1 +1 +1 +1 +1 +1 +1 0.27 0.27 0.27 | 30 | 95
2. +1 -1 -1 +1 +1 +1 -1 -1 +1 0.27 0.27 0.27 8 9
3. -1 +1 -1 +1 +1 +1 -1 +1 -1 0.27 0.27 0.27 | 23 | 96
4, +1 +1 -1 +1 +1 +1 +1 -1 -1 0.27 0.27 0.27 6 1
5. -1 -1 +1 +1 +1 +1 +1 -1 -1 0.27 0.27 0.27 | 64 | 95
6. +1 -1 +1 +1 +1 +1 -1 +1 -1 0.27 0.27 0.27 | 24 0
7. -1 +1 +1 +1 +1 +1 -1 -1 +1 0.27 0.27 0.27 | 57 | 96
8. +1 +1 +1 +1 +1 +1 +1 +1 +1 0.27 0.27 0.27 | 20 0
9. |-1.215 0 0 +1.472 0 0 0 0 0 0.75 | -0.73 | -0.73 | 42 | 93
10. [+1.215 0 0 +1.472 0 0 0 0 0 0.75 | -0.73 | -0.73 | 14 | 10
11. 0 -1.215 0 0 +1.472 0 0 0 0 -0.73 | 0.75 | -0.73 | 28 | 96
12. 0 +1.215 0 0 +1.472 0 0 0 0 -0.73 | 0.75 | -0.73 | 22. | 94
13. 0 0 -1.215 0 0 +1.472 0 0 0 -0.73 | -0.73 | 0.75 | 17 | 94
14. 0 0 +1.215 0 0 +1.472 0 0 0 -0.73 | -0.73 | 0.75 | 31 | 90
15. 0 0 0 0 0 0 0 0 0 -0.73 | -0.73 | -0.73 | 25 | 93

After carrying out the experiments, thetestofe x per i ment s6 reproducti on
carried out:

2
G - SKmax

9 g ©)

where:
S? is the selective variance of the output quantity y in the k-line of the planning matrix, obtained from
"m" of parallel experiments.

1 .7
2
= - , 9
ST a4 (% -Y) 9)
If Gmax < G¢  With the number of degrees of freedom vi = m - 1, v2 = N and the level of significance
U= 1 - 9, then the hypothesis of dispersion homogeneity is accepted.
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The hypothesis about the static significance of the estimates of the coefficients of the regression
equation O is checked by means oft-t he St judentdés criterion:
al
te=—: 10
Y (10)

The verification of the mathematical model adequacy by the results of the experiment is carried out
according to Fisher's criterion in the form of the ratio:

Shea
Fe=—2 (11)
Sy
where: S?n,q - estimation of inadequacy variance.
1 N —
She =y r<J_’;:11(y,- - (12)

where: N - number of points of the orthogonal CCP;
r - number of significant parameters of the regression equation;

3

Ui the value of the response, calculated by the regression equation;

Y - the average for the series "m" of experiments is the value of a real object reference.
If the condition is fulfilled:

Fp <Fce (13)
then the mathematical model is considered adequate, that is, the scattering of the experimental values of the
response relative to the values of the regression equation of the same order as the scattering, caused by the
experimental errors.

The critical significance of the statistics is according to the corresponding tables for the given level of
significance U and visNerahgwg*N=emoll. freedom

The results of a three-factor experiment on an orthogonal compositional plan of the second order are
presented in the form of quadratic regression equations:

- for the germinating capacity of wheat seeds:

# =160.47 3.618t7 25.06Vi 2.53W i 0.16t27 28.72V2i 0.57W?2171 0.21tVi 0.026tW +0.5VW; (14)
- for drying time:
t=204.727 0.54t7 13.65V + 7.78W + 0.01t> + 4.8 V2 + 0.13tV i 0.08tW. (15)

Based on the regression equation of wheat seedsb

surfaces are constructed (fig. 11).

C.%

Fig. 117 Surface response of the germinating capacity and duration of "Podolianka" variety wheat seeds at the
action of the coolant temperature, U u
1-50;2-65; 3-80
CONCLUSIONS
Analyzing the carried out research on the germination of "Podolianka" variety wheat seeds after

drying, we can conclude:

1  The temperature regime of drying is the most rational at a temperature of 50°C, the germination being
16%.
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1 At this temperature, the speed of the drying agent in the range v = 0.5...1.5 m/s does not significantly
affect the germination.

1 At this temperature, the initial moisture content of the grain in the range of 16-24% also does not
significantly affect the germination.

1 At the temperature of the drying agent of 65°C, the germination limits to 93-94% may be at velocity of
the drying agent of 1.5 m/s and an initial moisture content of 20%, or at a velocity v = 0.5 m/s and an initial
moisture content of 16%.

1 Atthe increase in temperature of drying agent to 80°C, the germination is practically small (9%), which
goes beyond agrotechnical requirements.
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ABSTRACT

Soil preparation based on ploughing is a conventional method commonly adopted for cereal cultivation
in silty-clay soil. Replacing this method with conservation tillage was the subject of this study based on the
evaluation of eight implements used in conventional and conservative tillage. By differently combining the
implements, we hypothesized eight methods and assessed the overall energy balance and quality of work for
each method. Basing on test results, we proposed an approach to the choice of proper tillage methods,
aiming at integrating the benefits of conventional and conservative tillage methods.

RIASSUNTO
La preparazione del terreno basata sull'aratura € un metodo convenzionale comunemente adottato
per la coltivazione di cereali in terreni limoso-argillosi. La sostituzione di questo metodo con le lavorazioni
conservative =~ stato | 6oggetto di guesto studio basat
lavorazioni convenzionali e conservative dei terreni. Combinando tali attrezzi, abbiamo ipotizzato otto metodi
e valutato il bilancio energetico e la qualita del lavoro per ciascun metodo. Sulla base dei risultati dei test,
abbiamo proposto un approccio alla scelta corretta dei metodi di lavorazione, con l'obiettivo di integrare i
vantaggi dei metodi di lavorazione tradizionali con quelli conservativi.

INTRODUCTION

The meanings of the definitions fificonventional till
categories cannot be uniquely defined. In other words, each type of intervention on the soil should be
assigned to one category or the other depending on the specific type of soil and environmental conditions.
On the other hand, the soil tillage methods considered conventional for a given environment are dictated by
the experience gained over the centuries and, therefore, can be identified as the most suitable to preserve
the characteristics of the soil. From this point of view, there should be a virtual identification between
conventional and conservation techniques. Such identification is often interrupted within intensive farming
that progressively eliminated practices such as crop rotation and organic fertilization, maintaining traditional
(conventional) soil tillage methods and causing, during the years, the occurrence of several problems
involving both the aspects of energy requirements and soil fertility.

For instance, the most common conventional method adopted in silty-clay soils of Central Italy to
prepare the seedbed for winter cereals, is based on the chopping (rarely the burning) of the residues from
previous crop, on a medium depth ploughing (0.20 - 0.30 m aimed at burying the residues, and on the
harrowing of the upper layer, by means of a rotary harrow, a disk harrow or a combined seeder (a machine
with working tools operated bOff)ahda@netmatc sgeddrilp.s P. T. O. (P

Unwanted effects of such technique can be: excessive energy requirements (Fanigliulo et al., 2016)
and related costs (Fedrizzi et al., 2015), worsening of soil structure due to compaction, loss of nutrients in
deeper layers, mineralization of organic matter in upper layers, increasing soil erosion caused by wind and
runoff (De Laune and Sij, 2012). Such effects can be limited, in some cases, by adopting conservation
methods (Lal et al., 2007; Fanigliulo et al., 2017) that contribute to energy savings and to preserving soil
fertility through the reduction of number of passes and of working depth, by using one pass combined
machines characterized by wide working width (5-7 m) and working tools with geometry (Godwin, 2007).
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Combining these points with the maintenance of a surface coverage of at least 30% and with crop rotation
allows reducing soil erosion, surface disturbance and compaction, preserving natural fertility.

Among conservation methods, we can find interventions with different intensity in terms of working
depth. The main approaches are (ASABE Standard, 2005): reduced tillage, aimed at soil lifting and
shattering, reducing the compaction of both shallow and deep layers, without inversion (e.g. by means of
subsoilers or combined cultivators) leaving 15-30% residue cover on soil surface (Townsend et al., 2016);
minimum tillage, in which the level of soil manipulation is reduced to the least compatible with crop
production (e.g. with use of disk harrows); no tillage, that entails direct sowing into the previous crop stubble
with no prior tillage. The comparison among conservation methods was the subject of many studies,
especially focused on grain yield, greenhouse gas emissions and economic profitability, as few data were
provided on tillage quality parameters. Other studies regarded the measurements of fuel consumption, force
of traction and power required by tillage implements (Pochi et al., 2013) under various soil conditions.
McLaughlin et al. (2008) measured the force of traction and energy inputs of eight tillage implements in a
clay loam soil. The results showed that significant energy savings can be realized through the selection of
proper tillage methods and tractor-implement coupling.

CREA carried out tests with a series of implements, commonly used for tillage and sowing, collecting,
for each of them, the data of energy requirements and tillage quality. Combining the implements and relative
data, allowed to hypothesize four conventional (CONT) and four conservation (CT) methods and to assess
their relative energy balances and quality of work with the purpose of their comparison, assuming CONT1 as
a reference. Lastly, the data of measurements have been used to develop a proposal for an integrated tillage
system capable to adapt, time by time, to the actual needs dictated by the conditions of the soil.

MATERIALS AND METHODS

The tests were carried out in the farm of CREA in Monterotondo (Rome, ltaly; 42°5'51.26"N;
12°37'3.52"E; 24 m a.s.l.), on flat surface plots (< 1% slope) and on untilled soil classified as silty-clay (clay
543 g kg1, silt 434 g kg, sand 23 g kg?) according to the USDA sail classification system (USDA, 2014).
Before the tests, in ten random points for each plot, the following parameters were measured at a depth of
0.40 m (Table 1): water content, dry bulk density, penetration resistance (cone index) and soil biomass
coverage index (SCI). The first two parameters were determined on soil samples of 100 cm? extracted by
means of a manual soil coring tube (Eijkelkamp) and dried in oven at 105°C up to constant mass. Cone
index (c.i.) was determined according to the ASAE Standard S313.3 (ASABE Standards, 2004), by means of
a hand-operated Penetrologger (Eijkelkamp), measuring the force needed for the penetration in the untilled
soil. It provides a detailed vertical profile of soil strength compaction. Then, the SCI was determined by
analysing digital pictures of square sections of the ground surface with an area of 1 m2. A graphic editor
programme (Adobe Photoshop), was used to quantify the percentage of soil areas covered by residues.

Table 1
Average values of the physical-mechanical characteristics of the soil
M.U. | Four furrow | Rotary |Pneumatic|Combined|Combined . Disk Seed_drlll for
Implement type : . Subsoiler direct
plough harrow |seed drill | seeder [cultivator harrow .
seeding
\Water content % 19.4 18.8 22.7 17.3 16.7 22.5 19.5 15.0
Dry bulk density kg m3 1460 1490 1410 1260 1600 1400 1470 1200
IAverage cone index | MPa 1.90 - - - 2.10 1.70 2.25 -

The main technical data of the tested implements are reported in Table 2. The selected implements
are commonly used in soil tillage aimed at cereals cultivation. The tests with the seed drills were conducted
with filled hoppers (seeding rate: 190 kg ha'). All implements were operated by a 4WD tractor (Case IH MX
270) with a nominal power of 205 kW and total mass of 11,000 kg. The P.T.O. speed was 104.7 rad s
corresponding to an engine speed of 206.7 rad s1. All tests were performed with diesel fuel in compliance
with the EN 590 (EC Standard, 2013). It was always provided by the same supplier. Consequently, its quality
was assumed to be constant, with a Low Heating Value of 42.7 MJ kg-*.

The following parameters were measured: width and depth of tillage; speed, time and capacity of
wor k; P. T. O. torque, speed and resulting power;
corresponding power losses; fuel consumption and energy required per surface unit and per volume unit of
tilled soil.
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Table 2
Main technical data of the tested implements
Four furrow | Rotary |Pneumatic |Combined| Combined . Disk Seed.dnll
Implement type . . Subsoiler for direct
plough harrow | seed drill seeder cultivator harrow seeding
skim coulter, | vertical vertical straight notched sinale disk
. knife blades, |vertical hoe shanks, straight | and plain Y
Working tools blades, . openers,
ploughshare, | packer opener notched disks,| shanks | concave
hoe opener . depth band
mouldboard roller roller disks
5+10
Tools humber 2x4 40 40 24+24 (@ 610 mm) 7 18+18 33
Lateral tools 1150 245 125 245/125 | 920shanks |4, 230 180
spacing (mm) 480 disks
Total mass (kg) 2560 2910 1930 2680 1730 1670 3465 6380
Before field tests, the tractor 6s dywampmetrie brgkeethat or ma n

provided the updated characteristic curves of the engine. After field tests, the tractor was newly connected to
the dynamometric brake used to reproduce the working conditions: the engine speed was set on the same
values adopted at the start of each test. Then, the engine load was increased in such a way that the resulting
engine speed reductions were equal to the average speeds measured during the field test. This method
provided the average values of total torque and power required to the engine and the corresponding fuel
consumption (Pochi and Fanigliulo, 2010). Multiplying the total power (W;, kW) by the actual working time
(To, h hat), will provide the energy required per surface unit area:

Ena = 3.6 Wi To [MJ ha] (1)

Dividing Ena by the working depth (P, m), will give the energy per unit of volume of tilled soil (Evol),
expressed in:
(0] — [MJ10°m] )
Knowing the power required by tractor self-dislocation (Wsq, kW), it is possible to assess the power
losses for slip (Ws, kW), by means of the relation (3):

Ws =S (Wtr + Wp[o + Wsd) [kW]

where s is the tractor slip, Wy is the traction power and Wy is the P.T.O. power.

In addition to the aforementioned components or power, the total engine power also includes the
power dissipated in the transmission of motion to the wheels (Wys, kW) and to the power take-off. It was
assumed the transmission efficiency equal to 0.87.

As to the quality of tillage, the evaluation was based on the determination of: crop residues/biomass
burying degree (BBD), soil surface roughness index (SRI), roughness reduction degree (RRD), clod-breaking
index (CBI), cloddiness reduction degree (CRD) and seedbed quality index (SQI). They were measured in
ten random points in each test.

The BBD is calculated from the values of the SCI determined before and after the implement tillage by
means of the equation 4.

®3)

(4)

660 pnr—— [%]

where SCls is the soil coverage index of untilled soil and SClis is the index of tilled soil.

The SRI and the working depth were determined immediately after the passage of the implement, by
means of a profile-meter. The sensor was a laser (Leica Geosystem Disto, Switzerland) moving on a
horizontal rail placed perpendicularly to the tilled strip. Running along the rail, every 10 mm the sensor
measures its distance from the ground, drawing the surface profile of the ground. A personal computer
collects and processes the data. The surface profile is detected in the same point before and after the
passage of each implement, obtaining the roughness indexes s and s (standard deviations of the
detected heights series). In addition, were also calculated the average levels of surface before and after the
tillage, and of the bottom of the tilled layer (after manually removing all the ground).

The RRD resulting from the secondary tillage is calculated as follows:

YYO p1nmr— [%] (5)
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The cloddiness was measured digging a 0.5 m side square trench to the working depth. The soil
aggregates were removed from the trench avoiding any manipulation and left to dry for at least 20 min. Then
they were divided into six size classes by means of hand-operated standard sieves and weighed. An index
(la), ranging from O for the biggest class to 1 for the smallest class, was attributed to each class. The
cloddiness results as the percent of each size class mass referred to total mass of the sample. From the
cloddiness, the CBI (l) is calculated as follows:

0

O B [%] (6)
where: M;-l4 is the product of the index assigned to a clod size class and the mass (kg) of ground belonging
to the same class; M; is the total mass of the sample (kg).

Comparing the CBI values observed before (la1) and after (l.2) the secondary tillage, will provide the
CRD by means of the equation 7.

6'YO p ma— [%] (7)

The quality of the seedbed is assessed basing on the cloddiness values observed after the passage of
the implements. It is described by the SQI, by means of the Eq. (8):

'YG O n (8)

where: Mg o is ghe mass of the clods with diameter less or equal to 10 mm and Mg s10is the mass of the
clods with a diameter over 10 mm (kg).

An instrumental system was used in the tests. A digital encoder, mounted on a rear wheel of the
tractor measured wheel revolutions on a given distance, allowing calculation of travel speed under tractor
self-displacement, working conditions and slip. Two mono-axial load cells, with full-scale respectively of 98
kN (tests with plough, subsoiler and combined cultivator) and 49 kN (tests with rotary harrow, disk harrow,
seed drill and combined seeder), measuring the force of traction as follows. In traction tests, the load cell is
lodged in a drawbar properly designed to protect it from transversal stresses and connecting a traction
vehicle to the tractor-i mpl ement system. This is pulled, with
in the actual tillage with the same implement: this test executed with implement working will provide the
gross traction force. Repeating the test with implement raised will provide the force required by the self-
displacement of the tractor-implement system. The net fraction force will result as the difference between
sad val ues. Two torque meters were alternatively
Nm respectively) depending on the characteristics of tested implements. Torque meters measure the P.T.O.
torque and speed during the work, required for P.T.O. power calculation. The signals from the sensors were
recorded at a scan rate of 10 Hz and collected by an integrated data acquisition system on the tractor (field
unit). By means of a radio-modem, the data collected during the tests are transmitted to a support unit (a van
equipped as a mobile laboratory) where real time test monitoring and data processing are made.

Working speeds and depths were set considering soil physical-mechanical characteristics and tillage

possibility (according to water content). The plough was set in the in-furrow configuration. Three replications
were made for each tractor-implement coupling. The experiment was carried out following a randomized
distribution of the plots treated with each tillage method. The plots were 100 m long and 20 m wide.
Eight tillage methods (Table 3) were considered in this study, including: four conventional tillage (CONT), two
reduced tillage (RT), a minimum tillage one (MT) and a no-tillage one (NT). The parameters of field
performances were measured for each implement and referred to the surface unit area (hectare).
Consequently, the values of actual and operative working time, fuel consumption, energy requirement and
energy losses for slip for each tillage method, resulted as the sum of the values measured for each of the
implements used in it. As to the slip, for each implement, the average values of each replication were used to
calculate power and energy losses. Regarding the tillage quality indexes (SCI, BBD, SRI, CBI and SQI), for
each tillage method were considered the values observed after the intervention of the last implement. In the
case of no-tillage, the quality indexes were assumed to be identical to those resulting from disk harrowing on
untilled soil, given the similarity between the two operations.

The probability of statistically significant differences among tillage methods in terms of field
performance parameters and tillage quality indexes was assessed by one-way analysis of the variance
(ANOVA) and subsequent multiple pair-wi se compari sons, performed by t
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The significance of differences (U = 0.05) among
The statistical procedure was executed by means of the software R (R Core Team, 2013).
A Principal Component Analysis (PCA) was conducted using the software PAST (Hammer et al., 2001), to
observe the ordering of treatments and to indirectly analyse which variable best contributes to differentiate
treatments. Before the PCA, all variables were standardized (i.e., normalized to mean 0 and variance 1) to
avoid problems caused by different units of measurement.
Table 3
Description of the eight tillage methods hypothesized
Type | Method Operations Implements
CONT1 main tillage + seedbed preparation in a single four-furro_w revers.ible plough + rotary harrow +
_ pass pneumatic seed drill
g CONT2 main tillage + seedbed preparation in a double | four-furrow reversible plough + offset disk harrow +
= pass pneumatic seed drill
g CONT3 main tillage + sowing with contemporary | four-furrow reversible plough + combined seeder
8 seedbed preparation
CONT4 main tillage + sowing with contemporary | subsoiler + combined seeder
seedbed preparation
S RT1 main tillage + seedbed preparation in a single | subsoiler + offset disk harrow + pneumatic seed
= pass drill
g RT2 combined tillage in a single pass combined cultivator + pneumatic seed drill
@ MT minimum tillage in two passes offset disk harrow + pneumatic seed drill
8 NT no-tillage and direct sowing on untilled soll pneumatic seed drill for direct seeding
RESULTS
Table 4 shows the average values of the parameter measured for each tractor-implement coupling.
The highest requirements of energy per surface unit (MJ hat) were observed for plough and rotary harrow,
implements using considerable power at rather low speed. The energy required per volume unit of moved
soil (MJ 10 m=3) was higher for the combined seeder and the rotary harrow (due to the higher power
required by the tractor P.T.O.).
Table 4
Average values of the parameters describing the technical performances of the tested machines
Implement MU A B C D E F G H I
Soil conditions untilled | ploughed | ploughed | ploughed | refined [ untilled | untilled | untilled | untilled
?g;‘é%' working |y 2 4.31 3.36 6.33 5.03 7.94 5.12 5.40 7.46 7.21
Working width m 2.50 5.03 3.92 3.00 5.00 2.45 3.00 3.92 5.94
Working depth m 0.41 0.15 0.19 0.10 0.04 0.37 0.35 0.16 0.04
Actual working time h ha? 0.94 0.60 0.42 0.67 0.25 0.81 0.65 0.36 0.24
t?nﬁgra”"e working | - p, 1 1.44 0.69 0.69 0.89 0.38 1.10 0.81 0.63 0.37
?;’;;;‘ti)‘/’e working | papt | 0.69 1.44 1.45 1.13 263 | 091 | 124 | 160 | 272
Egre'hourconsumption kg h? 31.2 33.8 24.4 30.1 13.1 26.7 31.0 26.6 22.3
ngLectgfe”S”mptiO” kgha! | 204 20.2 10.3 20.2 3.3 217 | 202 9.6 5.3
Force of traction kN 60.5 11.9 19.0 19.1 9.7 43.5 52.7 30.0 16.5
Traction power kw 73.4 111 33.4 26.7 21.4 61.8 78.9 62.1 33.1
P.T.O. speed rad s* - 107.2 - 108.2 97.0 - - - 104.4
Torque at the P.T.O. Nm - 860 - 635 38 - - - 70
Power at the P.T.O. kw - 92.2 - 68.5 3.7 - - - 7.3
Total engine power kw 119 132.0 85.9 110.6 43.1 91.3 115.0 95.3 91.3
Er’:ifrgy per surface | 15 paa 403 284 131 267 39 267 270 124 77
Er’:ifrgy per volume | MJ 10°m™ | gq 191 68 268 - 73 76 77 ;
Tractor slip % 28.9 3.6 7.7 5.9 3.1 14.8 11.0 8.8 1.4
Energy losses MJ hat 125 38 21 39 6 62 55 23 10

Implement: A: reversible plough; B: rotary harrow; C: offset disk harrow; D: combined seeder; E: pneumatic seed drill;
F: combined cultivator; G: subsoiler; H: offset disk harrow; I: pneumatic seed drill for direct sowing.
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The plough showed the highest fuel consumption for surface unit (kg hal), due to high operative
working time. The higher values of fuel consumption per hour were obtained for the rotary harrow (33.8 kg h-
1), the plough (31.2 kg h'1) and subsoiler (31.0 kg ht). The average force of traction required for tillage
ranged from a minimum of 11.9 kN for the rotary harrow, to a maximum of 60.5 kN for the four-furrow plough,
depending on the high variability of working width and depth. Such parameters can vary depending on the
conditions of use of each tractor-implement coupling, which, within certain limits, can be managed with the
aim of reducing power requirements and losses.

As to the quality of tillage, Table 5 shows the values of the parameters describing the effects of the
implements on the soil. The best BBD was provided by the plough (96.6%). Good performance was also
provided by the combined cultivator (86.6%), with two ranks of disks with opposite angles, which determine
effective reversing of the soil and its mixing with surface biomass residues. The best SRI was produced by
the combined seeder, the rotary harrow and the combined cultivator, due to the compacting action of the rear
rollers. The best performances on CBI were provided by combined seeder and rotary harrow. Even for this
parameter, the result of the combined cultivator is worth mentioning, considering that it operates a deep
vertical soil crushing and a good soil breaking in a single pass. As for the SCI, a value higher than 15% was
observed only with the offset disk harrow on untilled soil. Thus, the observed surface cover cannot be
considered fully adequate for preventing soil erosion. Statistical analysis showed significant variations of soil
quality values caused by the implements. Consequently, it was possible to perform, for each parameter, the
Tukeyb6s HhBcestpandstd separate the averages (i.e. the averages with the same letter are not
significantly different) (Table 5).

Table 5
Average values of work quality parameters for each implementand results t he Tukeyds HSD
(the values followed by the same letter are not significantly different)
Reversible| Rotary Disk |Combined|Combined . Disk
Implement type u.m. . Subsoiler
plough harrow | harrow seeder | cultivator harrow
Soil condition untilled |ploughed| ploughed | ploughed untilled untilled | untilled
Coverage index % 331lc 0.28d | 2.07cd 0.55d 11.57b 10.74b | 17.08 a
Biomass burying degree % | 96.59a |91.67a | 33.03b | 79.14a 86.56a | 75.93a | 82.92a
Surface roughness index - 6.70 a 241e 4.86 b 1.70f 3.60d 3.90c 3.80c
Roughness reduction degree | % - 63.7 b 328¢c 8l.1la - - -
Clod-breaking index - 0.35d 0.81a 0.60c 0.84a 0.66 b 0.61c [ 0.64bc
Cloddiness reduction degree | % - 56.3 a 55.0 a 37.0b - - -
Seedbed quality index - 0.20 g 0.87c 0.43f 1.08 b 0.82d 0.75e 147 a
Basing on the values reported in Table 4, we obtained the overall values of the parameter that
describe the energy requirements for the eight composed tillage methods. Also in this case the results
under went ANOVA and subs e gu e ndtheTignKicant differertdes Dlable®)st t o s ep
Table 6
Technical performances of the eight tillage method
The averages followed by the same letter do not differ significantly
Parameters u.m. |CONT1|CONT2[CONT3|[CONT4| RT1 | RT2 | MT | NT
Actual working time hhal | 1.79b | 2.05a | 1.61c | 1.32d |1.33d|1.07e| 0.97f|0.24 g
Operative Working t|me h ha_l 2.51 b 3.20a 2.33¢c 1.69e 1.88 d 1.49 g 1.63 f 0.37 h
Energy requirement |MJha'| 725a | 704a | 670b | 537c |440d|307e|286e| 77f
Energy losses MJha'| 168a | 172a | 163a | 94b |82bc| 67c | 52d | 10e

Figure 1 shows the percent variations in energy requirements obtainable moving towards more CT, compared
with CONTL1. NT requires about 90% less energy. Moreover, MT and RT2 allow the highest savings of working time.
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NT .
Energy losses (slip+transm.), MJ/ha

u Tractor slip, %
MT

u Energy per surface unit, MJ/ha
RT2 Fuel consumption per hectare, kg/ha

u Operative working time, h/ha

RT1 u Actual working time, h/ha

CONT4

CONT3

CONT2

CONTI1

=3
=
S

20% 40% 60% 80% 100% 120% 140% 160%

Fig. 1 - Percent reduction of the main technical performance from traditional to more conservation tillage
methods compared with CONT1 (CONT2, CONT3, CONT4, RT1, RT2, MT, NT =tillage methods)

The PCA regarded both the energy parameters of Table 6 and the tillage quality indexes of Table 5
assuming, for each tillage method, the same indexes observed for the implements involved. A bi-plot graph
(Figure 2) shows the results of the PCA, providing a comprehensive picture of the relationship among
parameters and tillage methods.

. *CONT3
burying *CONT4
breaking
*CONT1
sced bed \
3 \ )
2 . \ ey
& T MT e fucl
o = Tasses
o o™ 2 16 egTy coverage T actuat e
g / operative time
2 /
E :—I
5
& /
oo
2
*RT1 *CONT2

3

Component 1 (64.6%)

Fig. 2 - Biplot graph with the results provided by PCA
Energy = energy requirement (MJ ha%); fuel = fuel consumption (kg ha'); actual time = actual working time (h ha'*);
operative time = operative working time (h ha'); losses = energy losses for slip and transmission (MJ ha™*); burying = BBD (%);
roughness = SRI; seedbed = SQI; coverage = SCI (%); breaking = CBI.
CONT1, CONT2, CONT3, CONT4, RT1, RT2, MT, NT = tillage methods

The first two principal components (PC) explained 91.6% of the total variance (64.6% for PC 1 and
27.0% for PC 2). PC 1 was responsible for the separation between conventional and RT methods: this was
especially evident for CONT1, CONT2 and CONT3 versus MT and NT, while CONT4, RT1 and RT2 were
intermediate. NT was the most distant from all other methods. As to PC 2, the visible separation between
CONT2 and RT1, compared to CONT1, CONT3 and CONT4 can be related to tillage quality aspects.

The Table 7 shows the PCA loading values, which define the discriminatory power of each variable in
the principal component 1 and 2 and its position on the diagram. For instance, the PCA indicates that NT is
characterized by low working times, fuel consumption, energy requirement and energy losses. These
parameters are highly related to the conventional methods, especially CONT1, CONT2 and CONT3 (i.e. the
methods entailing the use of the plough), characterized by the highest energy and fuel requirements and
operative and actual working times. RT1, RT2 and CONT4 seem more similar in terms of operative
parameters, as they clearly differ for the quality of tillage: CONT4 provides a better seedbed than RT1
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(especially in terms of roughness index); the position of RT2 in the diagram is intermediate, (evident with
respect to PC2). The methods NT, MT and RT2, different in terms of operative parameters (see position with
respect to PC1), are more similar in terms of tillage quality, providing a medium quality of seedbed, with
energy saving compared to conventional methods. In this context, the combined cultivator (RT2) seems to be
an efficient implement, offering reduced energy requirements and good agronomic performance.

Considering what is conventional or conservation and the environmental conditions of the tests subject
of this work, the question is if an indefinite adoption of conservation tillage method is sustainable or not in
order to preserve soil fertility. In a medium or long-term perspective, it seems probable that the indiscriminate
application of RT, MT or NT methods in a silty-clay soil could negatively affect its fertility. The natural ground
settling and the traffic of machines, would determine progressive loosing of structure and increasing soil
compaction, accelerated by the lack of organic matter (confined, when present, in the surface layer).
Consequently, the soil could gradually lose its nutrients and the capability to store water in depth, becoming
asphyxiated and i nhos péhtagarbckss canh lmavemiffesenttdwaiion depentirg .on ti®u
type of tillage, resulting longer in the case of more energetic techniques (RT1 and RT2) involving deeper
interventions that, anyway, beyond relatively limited energy savings, would not allow the organic matter to be
incorporated into the soil and to express its beneficial action towards soil structure.

The occurrence of this process could be prevented through a less rigid approach to soil preparation,
based on the alternation of different tillage methods. This would lead to the definition of flexible tillage cycles
whose duration and constitution (the whole of the interventions on the ground) will depend on the specific
environments (e.g.: pedological and climatic characteristics, slope), on the needs of the types of crop to be
carried out, on the possibility/willingness to apply crop rotation, on the available types of machines. The
criteria that will guide the decision through such factors should be as simple as possible: for example, they
could be represented by a few, easily measurable parameters, capable to provide wide and useful
information. Soil resistance to penetration and moisture are probably the most comprehensive parameters,
requiring simple measurements. The moisture provides the first indications on soil practicability and the risk
of damaging its structure. Consequently, the value of field capacity can be assumed as the reference
moisture value (30 - 35% for silty-clay soils). In general, with moisture above the field capacity, any soil
manipulation should be avoided, but in case of urgency, such as a delayed sowing following a rainy period,
MT of NT techniques could represent solutions for seedbed preparation with low impact on the soil. Below
the field capacity, the possibility of choosing the tillage method will certainly be wider, but still depend on
other soil actual conditions (mostly the structure and the organic matter). The cone index (c.i.) could be a
useful parameter to describe the status of the soil. The availability of the trend of the c.i. along the layer
explored by the roots, rather than its average value, will increase the quality of information. The diagram of
Figure 3 shows the trend of the c.i. at increasing depth (0 cm up to 40 cm), in a silty-clay soil used for the
tests described above.

3.5 5

2 years undisturbed soll: ¢.i=2,11 MPa (average 0-40 cm depth)
— 1year after ploughing: ¢.i.= 1.7 MPa (average 0-40 cm depth)

30 immediately after ploughing: c.i.= 0,76 MPa (average 0-40 cm depth)

Cone Index (MPa)

0,0 +4=

0 S 10 15 20 25 30 35 40
Depth (cm)

Fig. 3 - Different trend of the c.i. in the same silty-clay soil of the tests, depending on different types of
intervention, in the 0 - 40 cm depth layer. All measurements were made with soil moisture between 22 and 24%

The measurements were made during prior CREAGs

penetrologger. The curves of c.i. are grouped by colour and their shapes clearly differ by each other
depending on the three operations to which they refer. After two years of spontaneous soil settling, without
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transit of machines, but characterized by rainy weather, the c.i. increases up to over 2 MPa in the first 5 cm
of depth. Increasing the depth, the c.i. increases very slowly. The resulting average value is 2.2 MPa. This
means a high level of compaction interests the whole layer involved in crop growth. One year after medium
depth ploughing, the general shape of the related curves changes showing the maximum (2.0 - 2.3 MPa) at
25 - 30 cm of depth, in correspondence of the bottom of ploughing. In this case the c.i. increases, and in the
0 - 25 cm layer, the soil conditions remain good for the plants. The resulting average c.i. value is 1.7 MPa.

The measurements made immediately after the ploughing, show general lower c.i. values although the
presence of big clods affects its trend that increase in the first 10 cm, then decreases and increases again,
keeping however distant from the values of the previous cases. The average value is 0.76 MPa. The
evolution of moisture and c.i. in the layer explored by the crop roots will suggest the most proper methods to
be adopted with the purpose of maintaining the soil characteristics within a range of sustainability for the
plants. At the same time, the resulting alternation of methods will allow reducing the overall energy
requirements, compared to the continuous use of conventional tillage methods. The test results reported
above can be a basis for formulating hypotheses of an integrated tillage system (based on annual cycles) for
cereal cultivation and estimating the relative energy demands and the energy savings.

Table 8 shows an example of such an approach, s howi
beginning of Afcycle 20. The cycles have not predefine
adapting to the actual soil conditions described by c.i. and moisture. In the example, each cycle starts with a
conventional technigue (CONV1) and ends when the deterioration of soil conditions requires the
conventional technique anew. The necessary information is provided by the average values of c.i., by the
shape assumed by the curves of the c.i. vs. increasing depth, by the moisture, considering the reference
values proposed for these parameters in Figure 3.

Example of application of the integrated tillage system with reference to the silty-clay soil of thzat?elstg
Cycle | Year ccﬁnveeirr?gsx* cgggesdoefx Mols(gz;e** n-lw-le”t%%% rquLEJianrrants En((aKAgJyAgi)ses
(MPa) curves** adopted (MJ ha)

1 1 2.2 1 21 CONT 725 168
1 2 1.8 2 25 RT1 440 82
1 3 2.0 2 35 MT 286 52
1 4 2.2 2 34 MT 286 52
2 1 24 1 22 CONT 725 168

* the values reported must be compared with those reported in Figure 3 for that soil. ** The shapes of c.i. curves refer to the diagram of

Figure 3, i.e.: Al1l0: | ong qieauesalieady fromuhe first e cerdimetres,as describéddwthenmegl hi g h
curves; fA20: cone index gradually increasing t-80cm,asdesciibaedibythei n corr e
blue curves. iéno: c . pescarche obseeved depentimg ordactiaf seilrsgecific manipudations. *** The reference
moi sture value is the Afield capacityo, around 3
ACycle 10 starts with CONV1, based on the ploughi n¢

level in the surface layer (average cone index: 2.2 MPa; shape of c.i. curve: 1) and lasts 4 years during
which the tillage methods vary depending on the evolution of soil moisture and compaction. The moisture
does not represent an obstacle to the ploughing. This operation allows the burial of the surface residues,
which contribute to restore the organic matter and the structure of the soil. In the 2™ year, the c.i. (average:
1.8; shape: 2) and moisture testify of still good conditions in the first 25 - 30 cm of soil, with probable
presence of tillage bottom. RT1 seemed suitable to break it, limiting the risk of water stagnation. In the 3
and 4" years, the compaction progressively increased, but the high humidity did not allow significant
interventions on the soil. Its preparation for the sowing could be done by MT. At the end of the 4! year, the
compaction reached the initial l evel , requiring
conditions f avour albHee®vertlloenemy requit sé&megmtowdmd | osses of
years can be estimated by means of the data of Table 6 for each implement. The sum of the annual energy
requirements reported in Table 8 is equal to 1,737 MJ hal. Adopting CONV1 over 4 years would result in
2,900 MJ hal energy requirements. The about 40% energy saving deriving from the comparison of these
values is the consequence of lower overall energy requirements and of lower energy losses. The latter,
calculated similarly to the requests, are equal to about 47% compared to CONV1 repeated over 4 years. The
lower relative weight of the losses on the global energy balance testifies a progress toward the optimization

of the energy use. The results of such calculations probably overestimate the actual achievable benefits,

start
t he
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because indefinitely repeating CONV1 would keep the soil in such conditions that the requirements and
losses of energy are lower than those used as reference for the comparison just above.

CONCLUSIONS

This study evaluated the effects of the adoption of eight tillage methods (four conventional, CONT, and
four conservative CT methods) on energy requirements and tillage quality in a silty-clay soil. The results
showed that CT (specially NT, MT and RT2) allow to achieve significant energy savings (up to 89%), working
time reduction (up to 85%) and a satisfactory quality of tillage, compared to CONV1, thus widening the range
of possible options for the farmers. Aiming at preserving the soil fertility, the commonly spread distinction
between the meanings of CONT and CT gets less rigid, in relation to the characteristics and needs of the soil
in question, as in the case of the silty-clay soil of this study. In general, conservation and conventional tillage
methods (according to their common definition) should not be considered antithetical and adopting the
former or the latter should not be the consequence of ideological, definitive choices, but should derive from
the continuous evaluation of actual soil conditions, defining, each time, the more proper type of intervention.
This results in the alternation of different tillage methods, according to flexible integrated tillage system, with
variable duration, in which the benefits of both conventional and conservation methods are integrated in a
compromise solution that should allow achieving an overall reduction of energy requirements compared to
conventional methods and maintaining soil fertility at a satisfactory level during time.
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TECHNIQUE FOR CALCULATING THE RESULTANT FORCE AND MOMENT OF SOIL
RESISTANCE TO CUTTING BY BLADE OF ROTARY TILLAGE TOOL
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ABSTRACT

The objective of this study was to develop a technique for calculating the resultant force and moment
of soil resistance to cutting by the blade of the earlier proposed rotary tillage tool as functions of the rotation
angle on the basis of the developed mathematical model of soil-blade interaction. The dependences taking
into account the constructive and functional parameters were obtained and analyzed. It was shown that the
blade is subjected to repeated loads during the soil cutting, so the equivalent resultant force of soil reactions
acting on the blade changes its magnitude, direction and the point of action periodically with changing the
rotation angle. The obtained formulas can be used both for carrying out the long-term strength analysis of the
rotary tool and for optimizing its constructive and functional parameters. The proposed technique allows to
simplify experiments for determining the rotary tool force characteristics and to reduce their number
significantly. Thanks to the commonality of the assumptions it can be transferred mainly to other rotary tillage
tools.
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INTRODUCTION

The problem of finding the resultant of soil reactions on a rotary tillage tool blade is up-to-date, since
its solution allows not only to calculate the strength of the blade, but also to determine the rational values of
its constructive and functional parameters.

Professor N. Nerli was one of the first who took into account a distribution of elementary soil reactions,
when he determined the resultant of soil reactions on the blade of a flat disk, free rotating in soil (Nerli,
1929). Later, many researchers solved similar problems with different success (Sineokov G.N., 1949;
Luchinskij N.D., 1977). The case of the PTO (power take-off) powered flat disk was researched (Medvedev
V.l. et al.,, 1974), and the generalized mathematical theory of soil-disk interaction has been developed
(Medvedev V.I. et al., 2001). This model allowed setting and solving the single criterion optimization problem
of the disk constructive and functional parameters (Akimov A.P. et al., 2008) and the bicriterion one for the
powered disk (Akimov A.P., Konstantinov Y.V, 2016; Akimov A.P., Konstantinov Y.V, 2017).
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Directions of elementary soil reactions on the blade of a rotary tillage tool depend not only on the
position of its instantaneous rotation axis, but also on the rotation angle. So the resultant of soil reactions on
the blade and their resultant moment are functions of that angle.

When researchers determined the resultant soil resistance force to cutting by a rotary tiller blade, they
did not take into account the distribution of elementary soil reactions on the blade and it did not allow them to
calculate the values of resultant soil resistance and resultant moment of soil resistance at an arbitrary
rotation angle value of the blade (Thakur T.C., Godwin R.J., 1989; Thakur T.C., Godwin R.J., 1990; Kalantari
D., 2000). Some researchers have plotted the graphs of such dependences on the basis of special
experiments (Chertkiattipol S., Niyamapa T., 2010; Niyamapa T., Chertkiattipol S., 2010; Matin M.A. et al.,
2015).

As an alternative to existing rotary tillage tools for the purpose of improving the quality of soil treatment
and simultaneously reducing its specific tilling energy, the rotary tillage tool (RTT) was proposed, which can
be used for various agricultural operations (Medvedev V.. et al., 1984, Akimov A.P. et al., 2015). The
method to determine the resultant force and the resultant moment of soil reaction forces acting only on the
surface of this rotary tillage tool depending on the rotation angle was proposed (Akimov A.P., Konstantinov
Y.V, 2011; Akimov A.P. et al., 2012; Akimov A.P. et al., 2017). But the soil reactions on the RTT blades have
not been taken into account.

The major objective of this study was to develop a technique for determining the resultant force and
resultant moment of soil resistance to cutting by a RTT straight rotary blade, which takes into account the
distribution of elementary soil reactions and allows determining dependences of these characteristics upon
the RTT rotation angle.

MATERIALS AND METHODS

The RTT consists of the flange, to which four identical flat vanes are attached. These vanes are
quarters of plate, bounded by an ellipse. The blades of the vane small semi-axes are located in a vertical
plane, and the vanes constitute some angle with it. The projection of all the vanes on the plane is a circle of
radius r, equal to the small semi-axis of the ellipse. A model sample of the RRT and the RRT row on a shaft
of rotary plough are shown in Fig. 1 a, b.

() N (b)
Fig. 17 A model sample of the RRT (a) and the RRT row on a shaft of rotary plough (b)

This rotary tool can be used also in other rotary machines, which perform various agricultural
operations. It can effectively work as a furrow opener in seeders (Medvedev V.l., Kazakov Y.F., 1984), as a
ridger in rotary cultivators (Leshhankin A.l,, 1991) and as an active coulter (power-take-off driven) in
ploughing units (Chatkin M.N., 1990).

For calculating the RTT strength and optimizing the process of its operation it is necessary to develop
a mathematical model of the RTT interaction with soil and, in particular, to determine the resultant force of
soil resistance to cutting by this rotary tool.

Let us assume that a tillage machine or a unit moves rectilinearly with a constant speed vo, the RTT
rotates around the rotor axis with a constant angular velocity w and its blades during work plunge to a
maximal depth h into homogeneous soil. The RTT operating regime is characterized by two constant
dimensionless parameters: by the ratio of rotor peripheral speed to forward velocity of the tillage machine
(kinematic parameter) | = wr/vo and the maximal relative depth x = h/r.
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The minor semi-axis blade of a RTT vane cuts the soil, performing a plane-parallel motion in a vertical
plane. In the Oxz coordinate system with the origin O on the RTT axis of rotation and uniformly moving with
the RTT, the position of minor semi-axis blade is set by rotation angle a from the vertical (Fig. 2, a). A sall
cutting speed, varying along the blade edge, is defined by position of the RTT straight blade instantaneous
centre of velocity, located at the point C(0; a), a = r/l . Let us also connect with the RTT another coordinate
system Oxjzj, directing the axis Ox jon the major semi-axis of vane, and the axis Ozj i on its minor semi-
axis.

Fig. 21 Diagram of soil cutting by the first (a) and a non-first (b) blade of the RTT

On an infinitesimal elementary segment of the blade cutting part, adjacent to a point Mj(0; zj), with
length dzj, the elementary soil reaction force dR acts, which is directed opposite to the vector of absolute
speed v of this point (Fig. 2, a). The magnitude of the force is equal to dR = Q@z;, where Q is the average
specific force of cutting per unit length of the blade [N/m].

Let us denote by j the angle between the force vector dR and the positive direction of Ox axis, then
cog = (zi a)l[x*+(zi a2 siry = x/[x*+(zi @)} Y% and x=z;5ina, z =1 zc0sa (Fig. 2, a). By integrating the
equality dR=Qdztog on the segment of the blade cutting part and passing to the dimensionless variable u
=1 zjlr, we obtain the formula for the horizontal component of the resultant of soil resistance to cutting (RSR)

[
RX:_Q 7 (ucosa +1)du ’ )

I | &g \/u2+2ucosa+1

where 6= 1il(a,x)/r, and | (4,X) is the length of cutting part of the blade corresponding to the rotation angle

value a and the maximal depth of the blade equal to h [m].
Absolutely similarly the formula for the vertical component of this force is obtained:

I .
Qr . usinadu

RZ = (2)

I | & \/u2+2ucosa +1

Let us choose as the positive direction of the moments of forces the direction coinciding with the RTT
rotation direction, then the moment about the point O of an elementary force of soil resistance to cutting will
be defined by the equality dMo = 1 zOR + X@R, (Fig.2,a). By integrating this equality, we find the resultant
moment of soil resistance to cutting (MSR)

Mg =- Qr2 Iﬁ u(u+cosa)du 3)

5 .
| I 6\/u2+2ucosa+1

The integrals in formulas (1) 7 (3), depending on the variable a and on the parameters /, |4, are easily
calculated by the method of undetermined coefficients (Gradshteyn I.S., Ryzhik I.M., 2007). The obtained
explicit expressions are cumbersome, and we use a way of sequential designations. Let us introduce three
functions of two variables:

Fi(a,u) = (¥ + 2u@osa + 1)°°
Fa(a,u) = In(u + cosa + F1(u,a))
Fa(a,u) = 0,5(ui cosa)®1(u,a) (4)
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Then the components of resultant of soil reactions and the resultant moment of soil resistance to cutting by
the blade will take the following forms:

R«= T QrBi(a,/, W) cosa + Gxa,/, ) sirta)l/,
R, =T Qr@Gi(a,/,¥) i Gxa,/,\) cosa)sinall,
Mo = 1 Qr2@@s(a,/, ) i 0,5G(a,/, ) sirfa)l/? (5)

where the functions Gi(a,/,) = Fi(a,/)1 Fi(a,/ W),i=1, 2,3

The sequential expressions (4)i (5) have a simple structure, and are easily programmed. They allow
calculating the values of Ry, R, and Mo at given values of a, | and \b with the help of a computer.

The blade, which is the first to enter into soil (further the first blade), is represented in Fig. 2,a. From
the diagram it follows that for the first blade I(a,X)=r + (r T h)/cosa, hence for it

b= (xT 1)/cosa (6)
For any blade entering into soil after the first one (further non-first blade), formula (6) is valid only at the initial
stage of cutting. The condition |§ = 1 determines the angle of the beginning of soil cutting process by a blade
&8o = arccos(¥i 1). The cutting process by the first blade is completed at @ = 24 ao (Fig.2,a). Thus, formulas
(4) 1 (6) determine the resultant force and the resultant moment of soil resistance to cutting by the first vane
blade of RTT at the initial stage (& €a¢2pi ao).

For a non-first vane blade of the RTT formula (6) is valid only until the moment of contact of the blade
edge with the upper surface of the cut soil slice in the point Do (Fig.2,b). At the final stage of soil cutting the
edge of the considered RTT blade crosses the upper surface of the slice in some point D of the trochoid
formed by the previous blade. To this point there corresponds the angle aj measured from the vertical
through the point O, which is located on the horizontal straight line passing through point O of the considered
blade and lying at the distance r from the point D (Fig.2,b). When the RTT rotation axis moves from the
position determined by the point O, to the position determined by the point O, the rotary tool rotates through
the angle 2p/z,+(ai a;), and at the same time its rotation axis passes the OjO distance equal to
d=[20z, + (ai aj)] @/, where Z;=4 is the number of rotary blades. The equality (7) follows from the theorem
of sines for the triangle OiDO (Fig.2,b):

[2pz, + (&i aj)] @*cosa + sin(ai a) =0 (7)
As we can see from the Fig. 2, b, rsin(@' i p2) = (ri I)sin(ai p/2).
Hence: l¢=cosajicosa (8)

The angle aj is a function of the angle a. This function is defined implicitly by the transcendental
equation (7). It is found by means of solving the equation (7) using one of numerical methods. The
substitution of this function into the equality (8) allows us to express 4 through the angle 4. Thus, equalities
(7), (8) and (4), (5) at the final stage of cutting determine the resultant force and the total moment of sail
resistance to cutting by a non-first RTT blade as the composite functions of the angle a.

The point Do is located on the soil surface and upper surface of slice. Therefore, if we substitute
a;j= arccos 1) into equation (7), we obtain the transcendental equation for determining the angle a= as of
the completion of cutting process of the soil surface (initial stage) and the beginning of cutting process of the
upper surface of soil slice (final stage). This equation is solved numerically for different values of a.

The value of angle a = a», corresponding to the completion of soil cutting process by a non-first blade
of RTT in the point K of cycloids intersection at the bottom of a furrow (Fig. 2, b), is also determined by using
the equation (7). At this point W= 1, a;= 24 a», so we have sina; = (pi a1 pz,)//. This transcendental
equation is also solved numerically. If we pass from angle az to angle a'q by &g = &> - p, then equation (7)
transforms into the well-known equation, determining the location of crests at the bottom of a furrow during
the work of rotary tiller (Sineokov G.N., Panov I.M., 1977).

RESULTS
It follows from formulas (1) and (3) that for the first blade the MSR and the horizontal component of

RSR depend only on cos &, therefore their graphs versus a for the relative depth x=0.5 and the values | =3;

3.5 and 5 are symmetric relative to the line @ = p (Fig.3a,c). The component Ry is nonnegative, that is, the
resultant of soil resistance to cutting is the driving forward force. The vertical component R, (Fig. 3, b) is
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negative for @ < p, that is, the RSR is the lifting up force and for @ > p this component is positive, and the
soil resistance to cutting is the deepening force. As the MSR is always non-positive, it slows down the RTT
rotation, and for overcoming the moment of soil resistance, it is necessary to apply to the rotary tool the
positive, equal in modulus, torque. Formulas (1)i (3) show, that for a<r-h the maximal values of the MSR
modulus and the RSR horizontal component are reached at the point p and are respectively equal to P = Q@
and to M = PQr 1 h/2), and the vertical component of RSR at @ = pis equal to zero. These expressions
must be taken into account to carry out the strength analysis of the RTT and the empirical coefficient Q can
be easily determined experimentally. It also follows from these formulas that at the vertical position of the
RTT blade reactions of soil resistance to cutting are replaced by the single resultant with the magnitude P,
directed horizontally towards the RTT motion and applied to the blade edge at the point lying at distance h/2
from its tip. The moduli of the resultant force components and the resultant moment of soil resistance to
cutting monotonically increase with increase of the parameter x, but with increase of | only the R and MSR
moduli slightly increase, while the R, modulus slightly decreases.

R.\‘ R: LIO
"6,‘, 01. Ql':
0,4 0.2 03
03 0,1
' 0 0,2
e 0,1
0,1
0,1 -0,2
0 -0,3 0
120 140 160 180 200 220 o’ 120 140 160 180 200 220 o 120 140 160 180 200 220 o®

(a) (b) (c)
Fig. 37 Components of the resultant resistance force of soil to cutting on the axis Ox (a), Oz (b) and
the resultant resistance moment (c) versus angle a for the first blade
Fig. 4 shows the graphs of the resultant force components and the resultant moment of soil resistance
to cutting by the edge of a non-first RTT blade versus the angle a and the parts of the corresponding graphs
for the blade which is immediately following the non-first one at x=0.5and | = 3; 3.5; 5.

R R: -M,
Qr Qr or?

0,4 0 0,3
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-0,2
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0 0,3 5
120 140 160 180 200 220 o 120 140 160 180 200 220 «° 120 140 160 180 200 220 o°

(a) (b) (c)
Fig. 47 Components of the resultant resistance force of soil to cutting on the axis Ox (a), Oz (b) and
the resultant resistance moment (c) versus angle a for a non-first blade

With increasing a the horizontal component Ry increases from zero monotonically and almost linearly
at the initial stage of cutting, then continues to increase at the beginning of the final stage (for | = 3.5 and 5)
until it reaches the maximal value and then it decreases to zero again. The graph of R versus the angle a
has the breaking point in a passage point from the first stage of cutting to the second one. Through the
period 360 /Z; = 90 the blade of the following vane of the RTT begins to interact with the sail, therefore the
specified change of the component Ry repeats again (Fig.4,a). The graph of the vertical component R,
(Fig.4,b) versus & is approximately a join of two halves of sinusoids of different amplitudes (for / = 3 and
3.5). The amplitude of lifting action on the RTT at the initial stage of cutting is much more than the amplitude
of deepening effect at the final stage. The MSR modulus monotonically increases with increase of the angle
a at the initial stage of cutting, and it monotonically decreases at the final stage, reaching the greatest value
at the breaking point of the graph of the MSR versus a (Fig. 4, c). With the increase of the x parameter, the
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maxi mal values of MR4 and the modul of RSR component
they decrease, that is explained respectively by increase and by decrease of the linear dimensions of a soil
slice.

Carrying out the long-term strength analysis of the RTT, it is necessary to take into account that during
the interaction of the second and subsequent vanes with soil, the rotary tool is subjected to cyclic loads, the
vibration amplitude of which is less than the corresponding greatest values of the forces and the moments,
when soil is being cut by the blade of the first vane. At the large values of | this distinction between the
amplitudes is considerable.

The soil-cutting reactions by a blade are generally equivalent to the main vector of forces applied at
point O with components, which are given by the expressions (1), (2) and to the couple with the main
moment determined by the formula (3). This system of forces can be replaced with the single equivalent
resultant force, applied at the point of blade edge, lying from the RTT rotation axis at the distance
ro =1 |Mo|/[R@os@ + y)], where R = (R? + RA)%% and y = iarcsin(R/R) is the angle between the
resultant and the positive direction of the Ox axis.

The graphs of the ratio ro/r versus the angle a for the first blade at a relative depth x = 0.5 practically
coincide for the values of /=3, 3.5 and 5 (Fig. 5, a). For a < p the distance ro monotonically decreases from
the greatest value ro = r at the moment of contact of the blade edge with the soil surface to the least value rg
=r 1 h/2at a = p, and then increases to the value equal to r at the moment, when the edge goes out from
soil. On the contrary, the modulus of the resultant R, almost not depending on the parameter /, at the above
mentioned values of x and /, for a < p increases monotonically from the least value R = 0 to the greatest
value P at the point p and then decreases again to zero for a > p (Fig. 5, b). The angle y, weakly depending
on | , decreases monotonically with increase of a according to an almost linear law (Fig. 5, c).

Io R ve
T Qr 60
0,95 0,4 40
0,9 0,3 0

0
0,85 0,2 20
- B -40

-60
0,75 0 -80
120 140 160 180 200 220 o® 120 140 160 180 200 220 o° 120 140 160 180 200 220 o°

(a) (b) (©

Fig. 51 The relative distance from rotation axis to point of action of the resultant resistance force of soil
to cutting (a), the RSR modulus (b) and the RSR tilt angle (c) versus angle a for the first blade

At a = p elementary forces of soil resistance to cutting acting on the blade are equally directed
(horizontally) and equal in magnitude, so they are equivalent to the single resultant force with the point of
action in the middle of the cutting part of the blade edge. If the instantaneous centre of velocity is located
above the soil surface, then for the non-first blade it follows from the formulas (1) 7 (3), that Ry = Qr(1 7 \W),
R;=0, Mo =T Qr?(1i W?)/2, where i =1 cos(ai(p)). Therefore, the ratio ro/r = (1 + \4)/2.
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Fig. 61 The relative distance from rotation axis to point of action of the resultant resistance force of soil
to cutting (a), the RSR modulus (b) and the RSR tilt angle (c) versus angle a for a non-first blade
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The graphs of the ratio ro/r versus the angle a for a non-first blade plotted for the values of the x and |
parameters mentioned above show, that the ratio ro/r decreases at the initial stage of cutting and increases
on the final one (Fig. 6, a). When soil is being cut, the point of action of the equivalent resultant force
changes its position from the most remote one from the RTT rotation axis at the beginning and at the end of
the cutting process, to the nearest position at the transition point from the first stage of cutting to the second
one at a=ai. With increase of angle a the change character of the modulus of the resultant of soil cutting
reactions by non-first blade is similar to the change character of the MSR (Fig. 6, b). The angle y
monotonically decreases with increase of angle a (Fig. 6, c), and the graphs of y versus a practically
coincide with the corresponding parts of graphs of the angle y for the first blade (Fig. 5, c).

CONCLUSIONS

With the help of the developed mathematical model of soil-blade interaction it is shown that the RTT
blade is subjected to repeated loads during the soil cutting. The equivalent resultant force of soil reactions
acting on the blade changes its magnitude, direction and the point of action periodically with changing the
RTT rotation angle. The proposed technique allows calculating the resultant force and the resultant moment
of soil resistance to cutting by the RTT blade as a function of the rotation angle and the RTT parameters.

It was found that the maximal values of the RTT driving force, of the MSR and of the RSR modulus
monotonically increase with increasing relative depth x for any value of kinematic parameter /. The angle,
which the resultant resistance of soil to cutting constitutes with the positive direction of horizontal Ox axis,
decreases almost linearly with increasing rotation angle a.

The obtained formulas can be used both for carrying out the long-term strength analysis of the RTT
and for optimizing the RTT constructive and functional parameters.

The developed technique of calculation of the resultant force and the resultant moment of soil
resistance to cutting by the RTT blade as functions of the rotation angle and the RTT parameters is valid also
for the case of soil cutting by the straight parts (legs) of blades of rotary tillers, and also with some changes it
can be transferred to calculating the force characteristics of blades of other rotary tillage tools. This
technique allows simplifying the experiments necessary for determining the resultant force and the resultant
moment of soil reactions on blades of rotary tillage tools and reducing the number of these experiments
considerably.
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ABSTRACT

¢ mat hemati cal mod el of a grain mixt uipreposedn Twor act i C
options of the model were considered: the axis of the cylindrical sieve rotation is horizontal; the axis is
inclined to the horizon at a certain angle.

The calculation scheme of the "a grain heap i a sieve" system assumes that the grain mixtures move
integrally affected by the forces of interaction with the sieve, which arise on the contact surface. The forces
of weight and the centrifugal forces, which arise during the rotation, also affect the integral motion of the
grain mixtures. It is assumed that the consumption of the mixture at the inlet of the sieve is equal to the total
grain consumption during the separation and the removed impurities.

The differential equations which describe the motion of the heap along a cylindrical sieve were
obtained. These equations can be used both to substantiate the geometric and kinematic characteristics of
the sieve, and to choose the rational operating mode.

The graphic illustration of numerical solution of differential equations for a concrete example was
given. It allows determining the position of the grain heap in the sieve at any time.

trrdshe

1 Of o5 5 dak® OHaBROIs d Ydz® BsH jdz' oL O BsH' = L jtedssets MEzd
Ljtedz®. (GLGdY dkzls' o0k’ Odldsd Hdz" odfOHS o, SCtdd o' ! BB
SMdzOR ddzj dets’ HE cstedLtdlsk §'H HjWCdd Cklstsd [ SLEORLEAGS

jhjlsse §jwjHBOYO , hts &OMde L jdses’ Mkzd "' ©kZRo' s fi
jhjlstsds, wC' odddSOsls! O ChdkOCld 2 § 66 jstdddzd Py d&’ o @ d
S5BjtlsOdzdz . 1 td2 kO ' v, s oadwOlO fEed "', "t (slscOfdv

LittdzO fted fjf Ockzo Odzdz SO HBR hs¢, wC' odHOdvEI! Mw L &BO
ldejHjd HW jtej dzy' Odz dz' t6' o dzw dzdzv , hs & digfgs bbbz oz v
By kzls! Bl odSttedmMlsOdaddzd w¢ ftod ©B tlzdzlskzo Odedz? ¢ j B Is
cijhiboO, 1OC * ftwd odette’ ©OY BdzOdz' dzgsets t6jyddi3z 26Ets tsB
1 09 j Hj dzO Gt OW ' ydzO " dzt MlsteOY" W ydmj dz¢ dztse s tesLooOowL €
C sdzC toj Is datf G dzO HYflAg WECO HBYSGgX Gz delie HyOMmMk odL dzOyYOIlsd f tsdzt
atetsn @ 9 twjh jls' .

INTRODUCTION

Grain production has the biggest impact on the supply of food to the population and the development
of forage resources for several agrarian branches (Matveev et al, 2016). The creation of new machines is
mostly aimed at improving conventional principles, making basic constructions more complex (Awgichew
A., 2017; Werby R., 2010). The grain postharvest cleaning and separation problem is new challenge for
implementing advanced technologies and creating next-generation grain cleaners (Linenk et al, 2012).
Introducing new grain crops production technologies require high performance of grain cleaning and its
compliance with the standards of cleanliness (Nesterenko et al, 2017). It is impossible to improve
postharvest cleaning and separation of grain without implementing advanced technologies and creating next-
generation grain cleaners (Capov & Shepelev, 2010; Jing Z., 2013). There were several attempts to solve
the problem at hand by optimizing the rational set of particular operations and parameters of grain cleaners
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that determine the sequential and step-by-step efficient cleaning schemes (Eskhozhin et al, 2016; Tyschenko
et al, 2010). Outdated grain cleaners have been replaced by new ones for many years, since no significant
progress has been made in the design of new efficient grain cleaners of local manufacture or the
development of improved grain cleaning techniques (Li et al. 2009; Mingjie et al, 2012). It is necessary to
improve separation of grain and create next-generation grain cleaners (Liang et al 2016). Dynamics of corn
cleaning still remains a complex problem. The commonly used approaches on particle dynamics and
trajectory tracing and high-speed photography was adopted to quantify the cleaned grain (Li J. et al., 1997,
Wenging et al., 2001; Wengqing et al., 2002). The mainstream efforts of research are mostly of parameterized
characteristics, e.g., adjusting physical parameters of processed materials and changing construction and
motion to illustrate its cleaning performances (Li H.et al., 2009).

The goal of this work is to develop a mathematical model for the interaction of a grain heap with a
drum, which can provide a study of the dependence of the sieve performance on the kinematic and
geometric characteristics of the system.

MATERIALS AND METHODS
The research of the grain motion in a cylindrical sieve which rotates around the axis is important for
substantiating its geometric and kinematic characteristics. These characteristics are necessary to maintain
the predetermined operating modes and the throughput of the drum during the separation. The common
approach to the calculation scheme "grain heap - a drum" has not been found yet concerning the interaction
of the grain mixture with the surface of the cylindric
fl uidi ze dkharchaehko ®.maD14). In other cases, it can be characterized as a bulk material (Pershin
et al, 2009). It was described the movement both homogeneous and heterogeneous, granular media, the
vibro viscous factor of which is differently dependent on one of the spatial coordinates. The hydrodynamic
theory describes the standard vertical movement of pseudo rarefied mixture on the inner surface of the
cylindrical vibratory centrifugal sieve, which rotates at a constant angular velocity around a vertical axis
(Tyschenko et al, 2010). The applicatonof t he hydrodynamic theory is 4 mposs
fluidized mediumdé does not occur. I n addition, there &
the grain interaction with a sieve, in which the grain is loaded with a centrifugal force of inertia, which is
defined by the angular velocity of the drum. For the moment it has not been mentioned how the model can
be used to analyse the motion of the grain heap. In this respect, it is interesting to implement a stationary
process of grain separation when the axis of the sieve rotation is horizontal. The scheme of forces acting on
the grain heap in the sieve in the equilibrium state is shown in Fig. 1.

In this case, the mixture in the sieve is in a state when the free surface of the heap is inclined to the
horizon at an angle of natural slope.

For a sieve with horizontal axis of rotation, it is possible to implement a stationary grain separation
process in accordance with the scheme shown in Fig. 2.
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Fig. 2 - Scheme for analyzing the motion of a grain heap in a cylindrical sieve

The friction force FM and the weight force P are distributed along the interaction area from below,
when the material is slid in the sieve. It is assumed that the grain heap, the cross section of which is

bounded by a chord AB above and an arc ABbelow, moves in a sieve with the rotation without deforming
from the lower position, in which the axis of symmetry (OC in Fig. 1) occupies the vertical position OCD .

The differential equation of the rotational motion of the heap about the sieve axis has the form
(Yablonsky and Nykyforova, 1966):

ly/ =M, (F,) P OCsin / 1)
where
l,7 is the polar moment of inertia of the heap, the cross section of which is considered to be

unchangeable, kgr’;
/1 an angular acceleration of the heap during the rotation, s?;

M, (Ff)'f the moment of friction forces that arise between the heap and the sieve about the sieve axis,
N On;

P i the weight of the heap, N ;

OC 1 the distance from the centre of the sieve cross-section to the centre of the weight of the heap
cross section, m;

/ i an angle of rotation, rad .

In determining the frictional forces, we take into account that they will arise from the hydrostatic
pressure of the heap on the sieve and from the centrifugal forces which act on the heap during the rotation.
The component of the friction forces, which depends on the hydrostatic pressure of the material at an

arbitrary point A (Fig. 1), determined by the angle (/ + b)), is calculated as:
dF,, =g © HO ds ©)
wheregi specific wei gNtm’of the material,

H i the distance from point A to the free surface of the heap cross section ( A B; in Fig. 2);
T the lengthmiof the sieve,

dsi el ementary section of the arc of the siAvBl.cross
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Taking into account that ds= Rdp , for frictional force on the section dS, we obtain:
di, = f 9HO RA @)
For the height H of the triangle ADBwe obtain:

L= cosb, @&asb cas b COSQ_ _gq_:(C,OSb cosf) (4

¢ Ccosb =cos/ S/ CcOsS/ =coS J
Then dF, = folReSy 050 T@sb 4 ), grp COSD eOSy 5)
¢ sinb =cosj COS
The centrifugal force that falls on the arc ds is determined by the scheme shown in Fig. 3.
ax
=, 1
7]
0 A .
Q
4 X
—1
Cosf)
cosfi
X
R

Fig. 3 - Scheme for determining the centrifugal force falling on the elementary arc ds

A centrifugal force acts on an element of mass with dimensions (in Figure 3 its cross-section is
shaded):

DdF, =£glxd Hx 2w (6)
g
Integrating this expression from point D to point Awe obtain dFV :
1 7 1 & cospH, 6 @)
diR, =— pPA© cd 6dx =— | Rizd ———2
Vo g ch,ogl 3g g c cosS b §i
Rcosb
Thus, the total frictional force that falls on a section of width dS is defined as
eRW & cosbh, O cosh cos b9
dF, = fgIR 6 %4 b g R2 Ty ®
839 ¢ cosb = Ccos/ a

For the moment of frictional forces, distributed over the interaction area of the heap with a sieve, it is
obtained:

o} # b 0 _sin,b _cos, b
|{——° N 0 0 9
o g gyl @

£R? & , cos b, a | &
Mo (F)=fgR I —&  -sin ,kos bT"ae"'tgngf —f cop  co§

71396 ¢

According to the known specific weight of the bulk material g, the square of the heap cross section S

and the length of the sievel , for the moment of the heap weight and for the moment of inertia of the heap
about the sieve axis of rotation, respectively:

" . 3 1. 5 2sin® b . . 2 o
P@C siny ﬁZaeobES*nz o %(Zbo- sinozg) sin @ —3@%lﬁ QI sib (10
_grR*a, 1. 1 .
l,= —sin2 § —sin4 11
0 g g,bo 3 Q 12 ob (11)
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Substituting the expressions for the geometric characteristics of the heap cross section and for the
load acting on the heap, after the obvious transformations of the formulas (9), (10) and (11) in equation (1)
we obtain:

Ra, 1. 1 . B .
—ob), - =sin p —sind b3 O/ =
ggspo 3 b 12 ) )/

? é tg °p+b0 6ﬂ 9
1 é & T, |[ou . 1
=f{ME§2bO -sin pcos b Cos by ,I€* 2 “u Z-SM Z&S‘fbob (12)
739 € 2 ap b, |[ouU cog cosy 3
T e tgaﬁ_ 2 ou T
8 ¢ ~0 Y
2 . .
- gsln3 b, sin J.

RESULTS

The differential equation (12) makes it possible to analyse the motion of a heap in a sieve, the axis of
which is horizontal. The motion of the heap will be considered as composition of a rotational motion around
the axis and translational along the X- axis, when the sieve is rotated about the axis, inclined to the horizon
at angle y (Fig. 4).

X ,v.”v.,,,,v

o
Fig. 4 - The scheme of frictional forces acting on the elemental volume of the heap in the sieve with an
inclined axis of rotation to the horizon

The differential equation of rotational motion will have the form:

I :MO(Fff) P OCU sinOcosy (13)

where Y1 an angle of incl’ad;ri\/bo(ﬁf‘)ﬂn mémehne sf evMe@rtion fo

The differential equation of motion of the heap along the sieve has the form:

mx= Psiny -F (14)

m [al .
where Is i mass of the heap, kg; m 1 projection of a-axis;eH,"@ r arteisounl t@m t

frictional forces directed along the axis of the sieve, N .

Taking into account the information mentioned above, for differential equations of the heap motion we
obtain:
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9  for the rotational component movement

R
—247 sm Q S|n4 b O/ =
g¢
Aé—é, itgop+b° 0o a
1 e &, ou
. < .sin p-
.y W2€2b0 sin §cos b cos b, | 04 2 < o 23 Q' Obcosolg
739 é 1 2P b, |du cog cosy
P& 9% 2 LU b
Rw 2 . L
— —35|n3 b, sin j dOs y;
v t R (15)
i for the translational component motion of the heap along the axis of rotation
ﬂ 2 o ~
2IQR 2@0- 1s,|n2 2] 8:
g ¢ 2 +
é e ap b, |69 a
1y @ g, + |60 iy p. j (16)
- tgr* IR & p sin  kos , £°5% |i €4 2 |7y pSin k- 08 o 4
1 7 39 é tggg_ b, 89 cog cosy 7
P 8 ¢4 2 |=u [
s a 1R L p Isin2 b8n .y

The considered mathematical model allows us to investigate the motion of the grain heap in the
sieve during its rotation. The numerical solution of the system of differential equations, (15) and (16) is
carried out by the Runge - Kutta method (Porshnev and Belenkova, 2005) according to the initial data given
in the table 1.

Table 1
Output data to a numerical solution
[m] [rad] [rad] [m/s'] [m] [rad] [rad/s] [m/s] [s]
0.45 0.8 0.1 0.3 9.81 1.2 0 0 0 0.01

In integration it was assumed that the grain heap, the cross section of which is determined by the
radius of the sieve Rand the loading angle b,, moves from the rest state, with/ =0; w=0;V =0.
The integration process with the step Dt = 0.01swas completed at the passage of weight centre of

the heap cross section along the entire length of the sieve (| =1.2m). The graphic illustration of the solution
shown in fig.5 makes it possible to determine: the position of the centre of the sieve cross section along the
sieve length for any moment of its movement (curve 1); the angle of deviation in the normal section of the
sieve (curve 3); the angular velocity at any moment of time (curve 2).
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1 - displacement. m: 2 - angle velocity. 1/s; 3 - angle, rad.

ts
Fig. 5 - Kinematic characteristics of the grain heap during the interaction with the sieve
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The numerical solution of the equations above, (15) and (16), allows, based on the analysis of the
motion of the grain mixture in the sieve, to assign the most efficient operating mode for grain separation.

CONCLUSIONS

The mathematical model of interaction of the grain heap with a drum, which rotates around an axis
inclined to the horizon, has been suggested.

The solution of differential equations of motion allows determining the speed and time of the egress of
grain during the separation in a sieve.

The given mathematical model of a grain heap interaction with a drum can be used in substantiating
the geometric and kinematic characteristics of the sieve, as well as in choosing a rational mode of its
operation.
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ABSTRACT

Traffic parameters of the road transport means are influenced beside the loads to be transported, the
travel speeds, the constructive and functional characteristics by the air pressure in the tires which has a
direct impact on the tire tread wear, rolling resistance, compaction, soil compaction and rolling track wear,
and finally on the transport operation costs.

This paper presents the research on a transport articulated vehicle made up of an agricultural tractor
and a semi-trailer, aiming at continuous monitoring of the transported load in order to determine the optimal
air pressure in the tires.

In order to monitor the tire pressure, which is directly influenced by the tire load, an installation was
created and placed on the articulated vehicle that continuously measures and monitors, in real time, the
transported load, consisting mainly of two force transducers, two force amplifiers, a micro PLC
(Programmable logic controller), an operating terminal, and the connection elements between them.

The records made during experiments are managed using software specifically created for these
researches.

The experiments were performed at different loads of the semi-trailer, the results obtained from the tests
allowing us to determine the authenticity of the software created, on the one hand and the value evolution of
the measured parameters, on the other hand.

The determined results allow the operator to make optimal decisions on the air pressure in the tire
corresponding to the measured load, also taking into account the nature of the transported load, the type and
condition of the rolling track.
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tractor K i O semiremorct agricol &, ididranpportate, finivederda moni t
stabilirii presiunii optime a aerului din pneuri

Pentru monitorizarea presiunii din pneuri, care este
realizatt ki ampl asatt pe aut ot rzenazot icnosnttail nauSue, c'amr et imma
transportatt, alcatuitt “n principal din dout traducto
(Controler logic programabil), un ter minal de operare Ki elementele de

Clnregistrtrile efectuate “n timpul experimenttril ol
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corespunzatoare sarcinii masurate, Sin©nd seama totoda
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INTRODUCTION

The main rolling parameters of road transport means are the transported mass (mass of the load +
mass of the means of transport) and the travel speed.

Depending on these parameters, the appropriate rolling system and tire type are established, such as
air pressure in the tire, with direct implications for tread wear, compaction, soil compaction and rolling track
weatr, rolling resistance, and finally for the transport operation costs.

The problem of the tires influence in general and of the air pressure in them on the rolling track,
regardless of its nature and condition, in particular, has been constantly in the attention of the specialists in
the field, at present being published many papers addressing both the theoretical and experimental aspects.

The influence of tire parameters on soil compression and compaction processes has been approached
in various theoretical papers in which equations have been developed for the calculation of the contact area
of agricultural tires (Bi r i Kk S .), thetinteractich ®etwzen vehicle wheel and soil and the estimation of
soil compaction (Cardei P., et al.,, 2007; Popescu S. et al., 2006), soil degradation as a result of the
compression and compaction process (Diserens E. et al.,, 2011; Robescu V.O., Elekes C., 2008;), finite
element modeling of tire/terrain interaction (Xia K., 2011).

The influence of tire parameters on the traction characteristics was also an aspect studied over time in
specialized works of which we mention a traction prediction model for an agricultural tire (Rok c a R.
2014; Ro Kk dRaet al. 2017; Tiwari V.K, et al. 2010) traction performance simulation on differently textured
soils (Battiato A., Diserens E., 2017; Ciuperca R. et al., 2018; Diserens E., 2017;t e b r o Jy 20R0;).

Considering the importance of tires in general and their air pressure in particular on the rolling
performance, researchers in the field have also been concerned with the development of practical systems
for correcting air pressure in the tire in accordance with the type and condition of the rolling surface (Dinu, L.,
2010), systems implemented in particular on military vehicles.

Existing rolling systems perform as main functions: supporting the load, rolling, braking and partial shock
absorption.

The rolling system which is the subject of the present work is equipped with a load monitoring
installation that allows, besides the functions that any existing system performs, to continuously measure the
weight of the means of transport. Thus, it provides real-time information on the variation of the weight
transferred to the articulated vehicle in the transport situations encountered, as well as on the air pressure in
the tires required according to the load transported, the tire type and the rolling conditions.

The information provided by the load monitoring installation can be used both in the stage of design and
realization of the means of transport and the choice of the autotractor in the aggregate as well as in the
correct choice of the air pressure in the tires or in the monitoring of the means of transport loading operation.

MATERIALS AND METHODS
It is considered a transport articulated vehicle made up of an autotractor and a means of transport, in

this case, an agricultural tractor and an agricultural semi-trailer that is placed at rest on a horizontal land.

The action of the semi-trailer on the tractor (Fig. 1) is represented by the bonding forces R and F.. The
force R represents the part of the total weight of the semi-trailer Gs that is distributed on the tractor and which
contributes to increasing the adhesive weight of the tractor, and F; is the traction force (Tecusan N., lonescu
A., 1982; Badescu M. et al., 2014).

bS ag C bt at

r— 4R R
7T z | -
@'Gs ; ©F Clh '
T_D Ly % .
Z, Zy, e

Fig. 1 - Forces and moments acting on the tractor-semi-trailer system
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The normal reaction of the ground on the semi-trailer wheels (tire load) Zs, is determined from the
momentum equation written in coupling point C, according to the equation (1):

z. QA -G &G =0 )
By grouping the terms, we determine the expression of the Zs reaction according to the equation (2):
7. = G, @, o
Ll
Component R is determined with the equation (3):
R=G,- Z, 3)

Substituting the expression of the Zs reaction with its expression in equation (2), results the expression
for the component R, according to the equation (4).
Gsécas — Gs(Ll B as)
I‘1 I‘1
The normal ground reaction on the semi-trailer wheels, Zs is the size that will be continuously
measured and monitored by the monitoring installation, which determines the value of the optimal air
pressure in the tires, depending on the tire type, the travel speed, the nature and the condition of the rolling
track.
To accomplish this, an operating program was designed, according to the logical schema presented in
(Fig. 2).
Input data:
- fixed: tire type; air pressures in the tire recommended by the manufacturer, depending on the load
and travel speed,; rolling track type.
- variable: load measured by the monitoring installation.
Output data: optimal air pressure in the tire.
Operating mode: Select the travel speed of the means of transport and the rolling track type and,
depending on the load measured by the monitoring system, the operating program will show the optimal air
pressure in the tire on the display.

R=G,- (@)

Setting travel
speed
Setting rolling
track
Mass Displaying the
measurements mass on OT
Recommended .| Displaying the
pressure calculus recommended
pressure on OT

Fig. 21 Operating program logical schema
OT i Operating terminal

The tests were carried out with a transport articulated vehicle consisting of an autotractor and a
means of transport at rest on a horizontal land, in this case a New Holland TD80D agricultural tractor
and an agricultural semi-trailer equipped with bogie-type drivetrain (Fig. 3), the semi-trailer being
equipped with a load monitoring installation, (Fig. 4).
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Fig. 41 Load monitoring installation scheme:

17 force transducer; 2 i force amplifier; 3 - micro PLC; 4 i operating terminal;
5 - accumulator battery; 6 i double pole fuse; 7 1 connecting cables.

In the case of the present paper, we were interested in the forces acting on the semi-trailer, namely
Z; R based on which the operating program determines the required air pressure in the tires.

Working methodology

In the first stage of the tests, the semi-t r ai | er 6 s Gy and its nistsbstion Z,, Rp were
determined by weighting when stationary using the classic system (the weighting machine), and its
constructive dimensions were measured and calculated (fig.3), the results being:

- Gp=4310 daN; Zp = 3770 daN; Rp = 540 daN.
where: Z, - distribution of G, on the semi-trailer axle; Ry - the component of Gs that is transferred to the
tractor.

Also, the constructive dimensions of the semi-trailer were measured and calculated as follows:

L1i=4.8m;as=4.2m;bs=0.6m; hs=1.6 m; hc =0.45m

Since the monitoring system transducers were located between the trailer chassis and the top of the
rolling system, as shown in (Fig. 4), the weight monitored by them is reduced by the weight of the rolling
system, the operating program of the system being realized accordingly.

For these reasons, in order to verify the viability of the previous relations, in the second stage the
value of the weight measured by the two transducers was set at 3770/2 = 1885 daN each, the actual load
sustained by the tires on the same side of the trailer.

In the third stage, the same parameters were determined by weighing and measurements, with the
semi-trailer loaded at Gs = 7250 daN (own weighting + load) for three values of Gs, the determined values
being:

- Gs= 7250 daN; Zs= 6080 daN; R= 1170 daN;

78



Vol. 56, No. 3 /2018 INMATEH 1 A giaitud Engneging

L1=4.85m; as=4.07m; bs =0.78 m; hs=1.65 m; hc = 0.42 m
where: Zs - distribution of Gs on the semi-trailer axle; Rs - the component of Gs that is transferred to the
tractor.

In the fourth stage tests were carried out to check the functionality of the monitoring system for three
values of Gs (own mass + load), the established values being determined by the existing used load (metal
tare weights), respectively:

1. G = 7250(4310+2940) daN:
2. Ge = 6830(4310+2520) daN;
3. Gg = 5570(4310+1260) daN.

Equipment used for experiments
- The weighting machine: max. capacity 10t; accuracy class 0.1 1 it weights the semi-trailer mass.
- The monitoring installation: placed as shown in (Fig. 4):
- force transducer: max. capacity 10 t; protection class IP 68; accuracy class, 0.05; input

resistance, O 4350 VY; h i gihlt conuertpthet mechanigah farte intofan dect8c5 mv/ V

signal;

- force amplifier: output, + 1 0 V, 0610 V and 4é20mA,; -dtramglifecthei on

electrical signal received from the transducer;

- micro PLC: no I/O 14; electrical connecting, 24 VDC; digital input, 8; work blocks max. 200. i It
processes the signal received;

- operating terminal, main characteristics: power terminal, 24 VDC; number of touch keys,
maximum 50 keys/screen; user memory 512 kB or less - It displays the results obtained and represents the
operator interface.

RESULTS
The results determined by the monitoring system are presented in Table 1.
Table 1
Values determined for Zsand R
Values
Test Parameter Determined by | Determined by P
no. determined P S Difference | Deviation
the  monitoring | weighting [daN] 0
system [daN] machine [daN] (%]
Gs[daN] 5558 5570 -12 -0.2
1 Zs [daN] 4854 4860 -6 -0.1
R [daN] 704 710 -6 -0.8
Gs[daN] 6840 6830 +10 0.1
2 Zs [daN] 5975 5968 +7 0.1
R [daN] 865A 862 +7 0.3
Gs [daN] 7261 7250 +11 0.2
3 Zs [daN] 6082 6080 +2 0
R [daN] 1179 1170 +9 0.8

It can be noticed that the differences between the values determined by the classic system and those
by the monitoring system were insignificant, so the monitoring installation is functioning correctly, the
deviations having values that fall within the constructive error margin of the used measuring equipment.

Using the data specified in Table 1, the operating program determined the optimal tire pressures pa, in
accordance with the rolling track type and the pre-set travel speeds, the results being shown in Table 2, for
the tire equipped with the 16.00-20/12PR outer cover.
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Table 2
Values determined for the air pressure in the tire
Values determined by the monitoring system
Test Parameter
no. determined Speed = 15 km/h Speed =30 km/h Speed = 40 km/h
Ground road Concrete road Highway
1 Gs[daN] 5558 5558 5558
pa[bar] 1,25 2 2,25
) Gs[daN] 6840 6840 6840
pa[bar] 15 2,25 2,5
3 Gs[daN] 7261 7261 7261
pa[bar] 1,75 25 2,75

The operating program interface is presented in (Fig. 5).

File Edit View Insert Tools Search Controller Com Option Window Help

D8] £ |=[@la] 2| foox <] ]| s(ssla ¥ | sils]
JL”/EIO——-L'B-IE(*.

N EJE‘BJ & Monitoring in System Sketch EI@ alg

For Help, press F1 |ALZ Series [4%Used | [NUM]

Fig. 51 The operating program interface

The variation of the values of the components Zs and R at the same amount of Gs depends on the
position of load placement in the trailer to the axis of the driving system. A placement more toward the tractor
could lead to a situation in which the value of R exceeds the value of the maximum permissible load on the
tractor from the articulated vehicle, as declared by the manufacturer, which can be dangerous.

The information provided by the monitoring system, on the operating terminal, can avoid this situation
because the operator has information about the value of R reconnected during loading of the trailer and can
coordinate the proper placement of the load in the trailer.

For the experiments carried out in his work, with articulated vehicle, the variation of R according to the
position of the load on the trailer, determined by the cart as, is presented in (Fig. 6), in which is marked the
maximum value of R, allowed by the tractor from the articulated vehicle.

Experiments have been carried out for the Gs= 7261 daN.
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R [daN) Gg=7261daN

1600 +
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Fig. 67 The variation of the component R depending on the position of the load on the trailer
Articulated vehicle: New Holland TD80D agricultural tractor and agricultural semi-trailer

CONCLUSIONS

1. The rolling system which was the subject of the present paper is equipped with a load monitoring
installation that performs real-time, continuous measurement of the weight sustained by the trailer rolling
system and its variation as a result of the weight transferred to the tractor;

2. The values measured in the experiments for the trailer weight Gs, the soil reaction to the trailer rolling
system Zs and the weight transfer from the semi-trailer to the tractor R was very close to those determined
theoretically with the mathematical relations, the deviations calculated as the ratio of the theoretically
calculated value to the value measured in experiments ranging between 0.1 - 0.8%, values that fall within the
constructive error margin of the measuring equipment;

3. The operating program that was realized is working properly, providing the operator with information
regarding the load on the rolling system and the optimal air pressure in the tires;

4, Continuous, real-time monitoring of the transported loads provides useful information to the
operator so that he can optimally control the articulated vehicle rolling parameters by adapting the air
pressure in the tires according to the transported load, the rolling track type and the travel speed, thus
reducing the imminent dangers that may occur during the transport operation and ensuring an efficient
transport.
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ABSTRACT

To ensure maintaining the biological quality of harvested seeds represents a challenge for scientific
research in ecological agriculture. The production of seed material, organic certified, depends to a great
extent on the functional quality of seed conditioning equipment and installations, but also on the quality of the
raw material. Given the importance of knowing the conditioning process of different culture seeds the paper
presents a seed conditioning technology and installation that combines two functioning principles:
counterflow aspiration and separation on cylindrical sieves. From the results obtained in the experimental
research a comparative analysis of the performances of the equipment that could be used by the producers
was made.

REZUMAT

Asigur ar ea menpineri. calittpii bi ol ogocare pemdtru s e mi n
cercetarea btiinpifict “n agricultura ecologict. Produ
mare mbsurt de calitatea funcpionalt a echipamentel or
calitatea materiei pr i me . AvOnd “"n vedere importanpa cunoabterii
seminpe de culturt, l ucrarea prezintt o tehnologie ©bi
dout principii de funcnpi on asepararea s pitele dlipdrioe. Dinrrezuttatelet r ac u r
obtinute " n cercetarreaaleixpeaetri mealiatd somparativi a pet
poate fi wutilizat de producttoridi

INTRODUCTION

After the harvesting process, agricultural products (seeds, fruits, vegetables, etc.) cannot be used
directly for various purposes such as: preservation, consumption, industrialization, marketing, sowing, etc.,
as they also contain impurities (plant remains, seeds, weeds, other bodies, etc.) and damaged products.
Prior to receiving a specific destination, it is necessary and obligatory for the harvested products to undergo
cleaning and sorting operations. In order to reduce and even eliminate the negative influences of the cereal
grain impurities, it is necessary to make a pre-cleaning with different equipment or installations. At the same
time, for the use of cereal and industrial plant seeds as sowing material, it is hecessary to eliminate foreign
bodies, which differ from the seeds of agricultural crops in general, by their physical characteristics, as well
as the removal of seeds with low germinating capacity, poorly developed ones and cracks. For this reason,
the realization of cleaning and sorting technical equipment is a necessity.

MATERIALS AND METHODS

Within the primary processing operations of agricultural products for obtaining high quality final
products are also the cleaning and sorting operations, which involve an adequate technological flow
Brtcktcescu C., Gtgeanu S|, 2016).Popescu S., Kemal C.
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If currently, in some countries, the focus is on predominantly organic agriculture, it is estimated that in
the next few years, the importance of technical equipment for cleaning and sorting cereal and technical plant
seeds will obviously increase due to the high degree of crop contamination resulting from the elimination of
chemical processes to prevent factors that negatively influence their development (herbicide application,
chemicalization, etc.) ( Ci obanu V. G., Vi kKanA,A&01B). , PLun A, Nedel cu

The cleaning operation, as the first operation within the technological flow of processing agricultural
products requires, first of all, cleaning and sorting equipment having its working process based on the
difference between the physical characteristics of seeds and those of foreign bodies.

In order to meet the needs of cereal and technical plant processors and agricultural farmers, INMA
Bucharest has developed a technology, (Fig.1) (Pt un A. , e)tand al pilot installatibré for seed
conditioning ISC (Fig.2) (Pt un A. , & whichis compog0 df Bigh capacity combined-type technical
equipment (pre-cleaning module and cylindrical sieve) (P un A .-2016et al

| Matenal supply
'

Crushed seeds

Big mpurities
gvacuation

Full seeds cleaned Full seeds cleaned 1--3eed-pre-

cleaning-
2-Cylindrical sieve-3C- module-MPS-0
- y m‘_
Fig. 1 - Seeds for conditioning technology [9] Fig. 271 ICS seed conditioning installation

The seed conditioning installation is designed to improve harmonised technologies for the production
of organic seed in cereals, legumes for grains, oilseeds, industrial and fodder plants, aromatic and medicinal
plants, to solve practical problems concerning the production of organic seed for field cultures and planting
material, organic certified, at farmers. It has the role of removing from the processed product the impurities
that affect its quality.

Aligned to the most modern trends, incorporating the latest design solutions, the ICS installation uses
in the seed pre-cleaning process, within the pre-cleaning module, two combined principles: separation on
two sieve drums and the counter flow aspiration of the product. The product, pre-cleaned of coarse foreign
bodies and light impurities, reaches the cylindrical sieve where separation in several fractions takes place.

The adopted constructive solution allows changing the inclination angle of the cylindrical sieve and
also, to increase the productivity and the technological sorting effect, it is provided with inner inclined planes
Ptun A. ex al., 2016

Main technical and functioning characteristics of the pilot installation ICS are:

1 Seed pre-cleaning module MPS-0. This equipment has a productive capacity of 8 [t/h] for a
standard product, respectively a working capacity higher than 5 [kg/hl] for wheat (humidity of 6 + 8 [%]) and a
cleaning degree of 40 + 50 [%];
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1 Cylindrical sieve SC-0. This equipment presents a selection capacity of 3 + 4 [t/h], a sieve
rotation frequency of 14 [min-1] and an installed power 75 [kW].

In order to determine cereal seed pre-cleaning degree, experiments were carried out with the seed
conditioning installation, at INMA, under operating conditions, using as raw material seeds of; wheat that was
not pre-cleaned, camelina and soy, purchased on the market.

Considering the technological role of the seed conditioning installation, samples were taken and
laboratory analyses were performed at: seeds entering the pre-cleaning module; seeds going out from the
pre-cleaning module; the outlet of the product decanted in the cyclone; the outlets (sieved products) from the
three segments of the cylindrical sieve and the plus material on the last element of the cylindrical sieve.

The technological effect of the installation was analysed against product standards and assessed
according to the following results obtained at a single pass through the installation of the product to be
processed (Tarcolea C. et al, 2008, Paun A. et al, 2012).

During the experimental research activities of the pilot installation, the following determinations were
made: large impurities extraction evaluated using the Ecsm [%)] coefficient and defined in eq. (1); small
impurities extraction evaluated using the Ecsm [%] coefficient and defined in eq. (2) and light impurities
extraction (weeds, dust particles, bents, vegetal pieces, husks with dimensions smaller than 1.5 [mm])
evaluated using the Ecsu[%)] coefficient and presented in eq. (3).

Ecsn= [( Csmi- Csme) / Csmi] X 100[%] L)
Ecsn= [( Csmr Csme) / Csmi] X 100[%] )
Ecsi™ [( Csui- Csue) / Csui] X 100[%] (3)

The terms used in the above equations have the next significations: the Cswi is the content of large
impurities at installation inlet, [%]; the Cswe is the large impurities content at the installation outlet, [%]; the
Csmi is the small impurities content at the installation inlet, [%]; the Csme is the content of small impurities
content at the installation outlet, [%]; the Cgi is the light impurities content at the installation inlet, [%] and
the Cque is the content of light foreign bodies at the installation outlet [%].

RESULTS

The results obtained from experimental research activities carried out under operating conditions of
the ICS installation that is equipped with MPS module are presented in Tables 1 and 2.

During the laboratory analyses were obtained the humidity and impurity of the samples extracted from
the supply and evacuation seed material and their pictures are presented in Fig. 3, 4 and 5.

Table 1
Experimental results obtained from ICS under operating conditions
Camelina seeds Soy seeds Wheat seeds
Measured Sample no Product | Product | Product | Product
parameter " | Product inlet | Product outlet . .
inlet outlet inlet outlet
S| 7.6 7.4 7.355 7.35 7.6 7.4
Sl 7.4 7.5 7.358 6.6 7.4 7.3
Humidity [%
umidity [%] S 7.7 7.5 7.356 6.5 7.7 7.35
Average value 7.57 7.47 7.36 6.82 7.57 7.35
S| 61.2 61.2 69.35 69.168 74.3 74.1
Seed mass S 63.3 63.3 69.35 69.05 79.3 79.05
[kg/hi] s 64.1 64.1 69.35 68.95 79.1 78.95
Average value | 62.87 62.87 69.35 69.06 77.57 77.37
S| 63.01 93.05 90.5 98.54 96.2 98.9
S 63.1 93.15 91.3 98.82 94.8 99.1
Seed purity [%
eed purity [%] S 63.28 931 911 97.64 | 951 988
Average value | 63.13 93.10 90.97 98.33 95.37 98.93
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Table 2
Determinations regarding the quality of processed seeds
Camelina seeds Soy seeds Wheat seeds
Measured sample Product Product Product Product Product
parameter no. . Product outlet . .
inlet inlet outlet inlet outlet
Csui Csue Ecsu Csui Csue Ecsu Csui Csue Ecsu
Light impurities Sl 19.58 3.7 81.10 0.54 0.006 | 98.89 0.72 0.19 | 73.61
content Sl 19.7 3.68 | 81.32 0.59 0.005 | 99.15 0.68 0.2 | 70.59

collected at fan S

evacuation [%] 19.68 3.74 | 81.00 0.47 0.006 | 98.72 0.65 0.17 | 73.85

Average
valle 19.68 3.71 |81.15| 0.533 |0.006 |98.87 | 0.68 0.19 | 72.06
Csmi Csme Ecsm Csmi Csme Ecsm Csmi Csme Ecsm
Small impurities | S | 13.63 261 [8085| 024 |0008]|9667| 022 0.04 | 81.82
evacuated by ST
the helical 13.6 264 | 8059 | 022 |0007|9682| 0.25 0.04 | 84.00
horizontal Sl 13.65 266 |8051| 025 |0.009|96.40]| 0.23 0.06 | 73.91

conveyor [%]

Average
value 13.63 2.63 |80.70 | 0.237 | 0.008 | 96.62 | 0.23 | 0.047 | 79.57
CsMi CsMe EcsM CsMi CsMe EcsM CsMi CsMe EcsM
, N Sl 3.51 0.54 | 84.62 15 0.3 | 80.00 1.7 0.2 | 88.24
Large impurities S
evacuated by 3.59 0.58 | 83.84 1.55 0.4 | 74.19 1.9 0.28 | 85.26
the tram [%] Sl 3.58 06 |[8324| 142 0.3|7887| 1.65 0.3 | 81.82
Average
3.56 0.56 | 84.27 1.49 0.33 | 77.85 1.75 0.26 | 85.14
value
S - - 2.10 0.4 15 0.2
Sl - - 2.01 0.6 1.7 0.25
0,
Cracks %] gy - - 1.74 0.9 14 0.21
Average ; - 1.95 0.63 1.53 0.22
value

’ . - Y T e S
- . . = . P &

Quality of unprocesed camelina seeds By product colected after MPS

Camelina seeds sieved by seive no.2  Camelina seeds sieved by seive no.3 Material evacuated by sieve no.3

Fig. 3 - Samples collected during the technological flow of ICS when it processed the camelina seeds
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Soy seeds sieved by seive no.2  Soy seeds sieved by seive n0.3 Material evacuated by sieve no.3

Fig. 4 - Samples collected during the technological flow of ICS when it processed the soy seeds

By product colected after MPS

T ‘)V“--_ A -

Wheat sieved by seive no.2 ~ Wheat sieved by seive no.3  Material evacuated by sieve no.3

Fig. 5 - Samples collected during the tehnological flow of ICS when it procesed the wheat

In fig. 6 is presented the graphical distribution of impurities extraction from seed mass during the ICS
technological process for different types of seeds, beginning form the small ones i camelina seeds and
ending with soy seeds.

100.00
90.00
80.00
70.00
&0.00
50.00
40.00
30.00
20,00
10.00

0.00

W Ecsu
m Ecsm

W EcsM

Coefficient value [%]

Bracks

Camelina Soy Wheart
Fig. 6 - The distribution of the impurities extraction from seeds that are processed by ICS installation
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Analysing this data can be concluded that the separation process by fractions can be easily made if
the seed dimensions are considerably higher, but at the same time the amount of breakage is much higher
(see also Table 2) while the cracks evacuation percentage is maintained at the same value.

1.2
1
0.8

0.4

Humidity [%]

0.2

0 0.5 15 255

Cracks [%]
<» Camelina < Soy <=» Wheat Linear (Soy) Linear (Wheat)

Fig. 7 - The distribution of the cracks from procesed seed mass in acordance with material humidity

If we take a close look at the crack percentage of cracks in the processed seed material it can be seen
that it has increased. The most concerning case is that of the soy beans because its tendency increased
rapidly by almost 50% from sample to sample, even if the feeding material is maintained constant and the
humidity has decreased only by 0.855 [%].

25

15 I ;Lul) = ‘

0.5

Average humidity [%]
S -
G §
%
J
-
5

0 0.5 1 1.5 2 2.5 3 3.5

0.5
Average cracks [%)

«» Camelina - Soy ~» Wheat ~———Llinear (Soy) Linear (Wheat)
Fig. 8 - The distribution of the cracks from procesed seed mass in acordance with material humidity

In fig. 8 is presented an important aspect of the seed mass processing: if the separation process takes
place into the air tunnel, the seeds can modify their humidity and sometimes can increase their fragility; this
way, the processed seed mass can increase the cracks percentage, as it can be seen in Table 2.

In fact, the camelina seed mass has no cracks and their humidity can be compared easily with the
wheat material, but the dimensions are smaller and also their external surface, fact that has no influence
during the seed dynamics and assures its integrity during the technological process.

Comparing wheat humidity with soy seeds, it can be noticed that there is a slight difference, and if it is
correlated with dimensional and mass aspects it can be clearly concluded that, from a certain point, the
technologic parameter must be controlled in order to decrease the cracks percentage in the processed
material. If this aspect is not considered, the technological process cannot be adequately controlled and that
leads to the fact that the separation process can be compromised.
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CONCLUSIONS

This installation has the ability to remove impurities of unthreshed wheat seeds and due to the pre-
cleaning process performed by ICS they are successfully eliminated. This process must be well controlled so
that the speed of the air flow above the seed flow limit can aspirate beside the impurities also the good
seeds that are then directed to the cyclone and from there to the residues, applying the principle of impurities
separation based on the difference in aerodynamic properties between seeds and impurities. The separation
module has the ability to adjust the flow rate of the air flow in the suction channels by altering the geometry
of the transverse section thereof by actuating some control valves.

To eliminate large impurities like straws, cobs, ears, etc. which can cause installation clogging, which
obstruct or stop the grains flowing from the installation, the module with cylindrical sieves is mounted. The
pre-cleaning module MPS-0 ensures an optimum drive mode of the seeds and impurities mass using two
sieve drums which can be replaced depending on the seeds undergoing pre-cleaning.

The ICS has been designed to ensure high-purity cereal and industrial plant seeds used in organic
crops establishment, a need that is increasingly present to farmers who want to set up crops with high
nutritional and economic value.

In this paper are underlined some technological aspects that must be considered during the seed
separation process in order to lead to a product in line with market product standard. In the next papers will
be presented further research results on different seeds with different humidity, and will be presented a
dedicated controlling system that will allow adapting the process parameters to seed humidity and
dimensions.
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ABSTRACT

Yellow-feather chicken is a common breeding chicken in China. In view of the uncontrollable factors of
pasture-raised chickens, the team proposes a precise breeding method of small chicken chamber. In this
way, two problems are solved, including heat stress and the effects of environmental factors, such as
bedding, fodder, water, wind speed, ammonia and fine particulate matter (PMzs) on chickens. This
experiment studies heat stress and air quality during the 20-day experiment period using the method of a
negative pressure fan controlled by an inverter. The experimental results show that under design conditions,
all the environments are up to standard, and the weight gain efficiency of chickens is higher than that of free-
range chickens and no death is witnessed. This experiment proposes a new breeding model which has been
approved by some breeding companies and thus has a broad application prospect.
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INTRODUCTION

With the popularization of the scientific concept of flani mal wel fareo, envi
important factor that restricts the health welfare and production performance of chickens (Liu Y., 2015). In
Jianghuai Region of China, it often appears high temperature and high humidity in summer. Due to the lack
of sweat glands and the difficulty in heat dissipation of chickens, different heat stress response occur at this
time (Farooqi H., 2005). The heat stress response of chicken refers to a series of abnormal reactions caused
by temperature regulation and physiological dysfunction under high temperature conditions, which have
different effects on feed intake, production function and feed conversion rate of chickens, and even causes
shock and death of chickens (Yuan J., 2007). Saffar and Rose (2002) studied that the physiological function
of poultry was greatly influenced by environmental factors, among which ambient temperature was one of the
most important factors (Al-Saffar A., 2002).

At the same time, air quality in the chicken house also affects the health of chickens. For traditional
chicken houses in China, a scraper-type defecating system is used for dung removal, which has problems
such as long cleaning cycle, incomplete cleaning and water leakage of drinking water equipment. As a result,
the fecal fermentation in the chicken house is easy to occur, resulting in high temperature, humidity and
ammonia concentration in the chicken house (Kocaman B., 2006). In chicken house, ammonia is produced
by microorganisms degrading substances such as feces. Higher concentrations of ammonia may damage
the respiratory lining of chickens, decrease their immune function, increase their risks of infectious and
respiratory diseases, and adversely affect their weight gain, feed conversion rates, carcass quality, thereby
reducing their breeding benefits (Beker A., 2004; Lin T., 2016; Xing H., 2015). Studies show that the dust in
chicken house mainly comes from feed, feces, chicken skin, feathers, the foam produced during cackling,
airborne microorganisms and fungus (Chen F., 2014). Ammonia is also an important source of PMzs (Li Q.,
2014).
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Only a small amount of pathogenic microorganism inhaled by chickens can lead to airborne infection,
affecting normal life and health of chickens, and leading to the decline of production performance (Yang W.,
2016).Inordernott o af fect the health and nor mal production per
poultry farm environmental standard (NY/T 388-1999) stipulates that the concentration of ammonia in
chicken houses shall not exceed 10mg/ms3.
To solve the above mentioned problems, this paper studies the precise breeding mode of yellow-
feather chickens based on small chicken chamber and analyzes the effects of heat stress, PMzs and
ammonia on the growth performance of yellow-feather chickens in terms of colour of excreta, feed and water,
wind speed in the chamber, concentration of ammonia and PMz s particles.

MATERIALS AND METHODS

The experiment was conducted at Jinniuhu Street, Luhe District, Nanjing City, Jiangsu Province,
China. The geographical coordinates of the chicken house are 32°26&7dN in latitude and 118°52&4¢E in
longitude. The chicken house has two symmetrical structure chambers and the walls of chambers are
designed by two layers of steel plate with heat insulation cotton in the middle. Each chamber is 1.9m in
width, 2.9m in length and covers a total area of 5.51m?2. The roof is a slope, and its west side is 1.88m in
height and east side is 1.77m in height, which makes rain drain easy. In the chamber, temperature and
humidity monitoring system, ammonia monitoring system, inner and external circulated ventilation system,
and video monitoring system were equipped.

The experiment began on July 20, 2018, and the yellow-feather chickens were 24-day old. The
experimental period is 20 days. On the first day of the experiment, each chicken was numbered. The yellow-
feather chickens after registration were put into two chambers for feeding according to their identifications.
The 35 chickens in Chamber 1 are numbered consecutively from the number of 101 and a plastic ring is put
on their feet for identification, while the 35 chickens in Chamber 2 are numbered consecutively from the
number of 201.

Figure 1 (a) shows the location and surrounding environment of the chicken house. The red frame the
red arrow points at is the chicken house used in the experiment. The internal structure of the two chambers
and their internal landscape are shown in Figure 1 (b) and Figure 1 (c).

s

(b) The internal structure of the chambers ‘ c) The inteh ar{dscape of one camber

Fig. 1 - Overview of the experimental chicken house
1. internal circulated air outlet, 2. external circulated air outlet, 3. Drinking water pipe, 4. water tank, 5. air conditioner,
6. camera, 7. internal circulated air inlet, 8. feeder, 9. external circulated air inlet
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During the 20-day experiment, the water trough in the chicken chamber is cleaned every morning to
avoid water contamination problems caused by clogged water outlets or the accumulation of the bedding in
the water trough as a result of movement of yellow-feathered chickens.

At the same time, temperature changes in the chicken chamber also need to be recorded in the
control room many times per day. If the temperature exceeds 30°C, the inlet air brake of the chicken
chamber needs to be adjusted to the largest degree to speed up heat dissipation and slow down
temperature rise speed in the chamber, and when the temperature in the chamber exceeds 34°C, the air
conditioner will be open (set to 30°C) for cooling until the external temperature of chicken chamber drops to
lower than 34°C to avoid mortality of chickens because of heat stress.

The daily work is arranged as follows:

(1) Daytime (6:00 AM - 11:00 PM): check the status of the chicken every hour, record the temperature
of the chicken chamber and check every half hour when the temperature is high at noon. The recording time
shall be precise to minute.

(2) Adjust the frequency of variable frequency fan according to the temperature reference table.

(3) At high temperature: C1, C2 > 34°C, use inner cycle fan, close damper, open air conditioning, air
conditioning set at 30°C, set frequency converter of internal cycle fan to 30Hz, frequency converter of
external cycle fan to OHZ, constantly monitor temperature. When the temperature outside the chicken
chamber drops to 34°C, open frequency converter of the external cycle, frequency converter of the internal
cycle and the external cycle are set to 50Hz, close air conditioning.

(4) Other arrangements are as follows:

11:00 PM ~ 5:00 AM (the next day): Detect particulate matter mass and ammonia concentration at
night.

6:00 AM ~ 8:00 AM: Check and clean the chicken chambers, and check feed and water to ensure
water level is no less than 70cm.

8:00 AM ~ 2:00 PM: Detect particulate matter mass and ammonia concentration etc.

2:00 PM ~ 4:00 PM Check feed, water and chickens status.

4:00 PM ~ 10:00 PM Detect particulate matter mass and ammonia concentration etc.

The whole experiment mainly consists of the following aspects.

The experimental plan of bedding

Good quality bedding encourages yellow-feather chickens to engage in some natural behaviours and
physiological activities, such as foraging for water, combing their feathers and walking back and forth. In this
experiment, wood chip is used as bedding. Wood chip bedding is flat and loose, not prone to agglomeration,
and can effectively absorb the excreta of yellow-feather chickens (Robins A., 2011).

On the day when the experiment ends (Day 20 of the experiment), a small amount of the bedding
samples will be collected at 2 points at external and internal circulated air outlets of the chicken chamber (10
cm from the air outlet), 2 points at external and internal circulated air inlet (10 cm from air inlet), 2 points at
water area centre and feed area centre, and 1 point at the centre of chicken chamber. These samples will be
analyzed and tested.

The experimental plan of feed and water

This experiment adopts Zhengda 511 chicken feed (suitable for 22-day chickens to chickens 7 days
before vyielding). Ingredients: corn flour, soybean meal, protein powder, rice bran, fish meal, calcium
phosphate, copper sulfate, ferrous sulfate, compound vitamin, amino acid, etc., and it contains all the
nutrients required for the growth of chicken. This product is puffed and thus easier to intake.

Studies show that the addition of vitamin C can maintain a normal body temperature and normal
concentrations of calcium, protein and cortisol in the blood, thus relieving heat stress response of the
chickens. Addition of vitamin C to daily ration is good for chickens at high or low temperatures to maintain
body temperature (Al-Masad M., 2012). Therefore, vitamin C is added to feed in 1a or drinking water in
0.5a .

The experimental plan of real-time environmental monitoring

Temperature and humidity monitoring system, ammonia monitoring system and video monitoring
system are installed in chicken chambers.
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Temperature and humidity monitoring system: temperature and humidity sensor of Swiss Sensirion
SHT11 is adopted, and the maximum temperature error: +£0.4°C, and the maximum humidity error: +3%RH.
Four temperature and humidity sensors monitor the temperature and humidity in Chamber 1 and Chamber 2,
in front of the chambers and in back of the chambers.

Ammonia monitoring system: Daan Instruments gas monitoring host and electrochemical ammonia
gas sensor are adopted. The sensor range is 0-200ppm and the resolution is 1ppm. The sensor is mounted
(equipped) on a wall 30cm above the top of the chambers.

Video monitoring system: HIKVISION N1W monitoring host and hemispheric network camera are
adopted, and the camera focus is 2.8mm and pixel is 2 million.

The control room with the control system is shown in Figure 2.

Fig. 2 - Control room and control system

The experimental plan of ventilation system

A small chicken chamber for precise breeding mode must have a perfect ventilation system. A
reasonable ventilation system can promote indoor gas flow and exchange indoor and outdoor air to a certain
extent, and has the effect of eliminating harmful gases, lowering temperature, and improving the environment
inside the chamber (Cheng L., 2015; Wu P., 2013; Zhao F., 2014). The ventilation system adopted in the
experiment is mainly composed of frequency converter and negative pressure fan. Each chamber has two
sets of frequency converter and fan, including internal and external circulated ventilation systems, and cycle
power is driven by negative pressure fan controlled by frequency converter. The negative pressure fan of
external circulation exhausts directly to outside and the air inlet directly intakes fresh air from outside. For
external circulation, the negative pressure fan returns the air through the air passage under the floor is used
to complete the internal air circulation. The return air passage has a length to width ratio of
2900mm*550mm=*270mm.

The plan of negative pressure fan controlled by the inverter is shown in Table 1 (Du Y., 2016). It is
proved by literature and pre-experiment.

Table 1
The plan of negative pressure fan controlled by the inverter
The frequency of The internal The frequency of .
. ) . . - . The air
Temperature external circulated circulated air internal circulation o
. . . conditioner
inverter inlet inverter
Less than 24°C 10 Hz Open to 30% 0 OFF
24°C~26°C 20 Hz Open to 30% 0 OFF
26°C ~28°C 30 Hz Open to 60% 10Hz OFF
28°C ~30°C 40 Hz Open to 60% 20 Hz OFF
30°C ~32°C 50 Hz Open to 100% 30 Hz OFF
32°C ~34°C 50 Hz Open to 100% 50 Hz OFF
Greater than 34°C 0 Close 30 Hz Turned on to 30°C
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The experimental plan of wind speed detection

15 detecting points are set in Chamber 1 and Chamber2, respectively. The first detecting point starts
from the air inlet and the points set in the two chicken chambers are symmetrical. The positions of the
specific detection points are shown in Figure 3. The high precision hand-held anemometer of Testo 405i with
the precision of £0.1m/s is used for wind detection and the results are transmitted to the smartphone via
Bluetooth.

make 1 2 3 4 5[] outht
6 7 8 9 10

11 12 13 14 15

11 12 13 14 15

& T B 9 10

intake [[1 2 3 4 5[] outlet

Fig. 37 The distribution of the wind speed detecting points in Chamber 1 & Chamber 2

The experimental plan of ammonia concentration detection

ZG-1 gas sampling pump and ammonia detection tube made in the Research Institute of Beijing
Labour Protection Science are used for ammonia detection. During the experiment, ZG-1 sampling pump is
stopped after extracting 100ml air and kept still until the indicator in the tube stops changing colour. The data
can be read from the scale corresponding to the yellow column. 9 detecting points are set in Chamber 1 &
Chamber 2, respectively. The first detecting point starts from the air inlet and the points set in the two
chicken chambers are symmetrical. The positions of specific detection points are shown in Figure 4.

Chamber 1 (h=10cm) (h=90cm) Chamber 1 (h=180cm)
intake [|| 1 2 3 []] outlet intake [[ 1 2 (] outlet
4 5 6 3
7 8 9 4 5
7 2 9 4 5
4 5 6 3
intake [] 1 2 3 []] outlet intake []] 1 2 [[] outlet
Chamber 2 (h=10cm) (h=90cm) Chamber 2 (h=180cm)

Fig. 4 - The distribution of the ammonia detecting points in Chamber 1 & Chamber 2

The experimental plan of PM2s mass detection

The lighting time of chicken chamber is from 5:00 AM to 11:00 PM and the lights-out time is from
11:00 PM to 5:00 AM. LB-120F PM2zs sampler in an intermediate flow produced by Qingdao Lubo Weiye
Environmental Protection Technology co., LTD is used during the lighting and lights-out time, and the
collection of PMzs is implemented by 0 90mm super fine glass fibre filter membrane working for 6 hours at
the sampling rate of 100 litres per minute.
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The filter membrane is weighed by ESJ182-4A automatic electronic analytical balance with the
accuracy of 0.01mg and maximum range of 30g before and after sampling. For each weighing, the analytical
balance is first internally calibrated. The filter membrane is weighed three times after zero clearing and the
mean value of the weighting values is taken as the mass. The mass of PM:zs can be calculated by calculating
the mass difference of each filter membrane before and after sampling.

Figure 5 (a) shows the working condition of PM2s sampler in the chamber and Figure 5 (b) shows the

experimenter weighing the filter membrane at a certain temperature (26~30°C) and humidity (45~55%).
" »” \ ‘ | : »} \

L R ‘.?J;,r..i_‘ ,‘ ~ - 3 v 3
(2) PMzs sampler in the chamber (b) The experimenter weighing the filter membrane

Fig. 5 - The experiment of PM2s mass detection
RESULTS

During the 20 days of the experiment, a large nhumber of yellow-feather chickens gathered at the air
outlet of chicken chamber each day at the high temperature of 32~34°C and their body got close to the
bedding, with their mouth open for breathing and reluctant to move. It suggests that when the temperature
reaches 32°C, yellow-feather chickens have already had heat stress symptoms. Once the temperature drops
below 32°C, life condition of chickens will restore to a relatively normal state. They will move actively in the
chicken chamber, increase water drinking and food intake.

In this experiment, HOBO temperature and humidity instrument, Testo 405i high-precision hand-held
anemometer, ZG-1 gas sampling pump and sampling tube and LB-120F PMzs sampler are used. The
collected data are analyzed by software to provide the following results.

Temperature and humidity recording results

In the experiment, the HOBO thermo-hygrometer is set to collect temperature and humidity per
minute. After the data collected, the HOBOware Software is used to read data that can be visualized to view
the data or stored as CSV format for further analysis. Graphical results in HOBOware are shown in Figure 6.

a1 chamber on

=—Termp, "C (Temp_C1) [ [
—RH, % (RH_C1) ras
& Coupler Detached

¥ Coupler Atached
# Host Connected
* End Of File

32

31 |82

20 74

28 o

Y1 ———
06:00:00 A 12:00:00 PM 06:00:00 PR 12:00:00 A 0&:00:00 A 12:00:00 Ph
07/23/18 06:00:00 Al GWT+0&:00 0724418 12:00:00 Ph GWT+08:00

Fig. 61 The result of HOBO thermo-hygrometer
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After statistics in HOBOware, the number of minutes in Chamber 1 where the temperature is greater
than 32°C is 3,844 minutes while that in Chamber 2 is 2,854 minutes during the 20-day experiment. The time
of high temperature experienced by the chickens of Chamber 1 is 1.35 times as large as that of Chamber 2.

Wind speed measurement results
The wind speed data are measured at 30 points in Chamber 1 and Chamber 2 with Testo 450i and the
specific results are shown in Table 2 and Table 3.

Table 2
The results of the wind speed measurement in Chamber 1 related to the inverters able
Point FOECI:10HZ | FOECI:20HZ | FOECI:30HZ | FOECI:40HZ FOECI:50HZ FOECI:50HZ
FOICI: OHZ FOICI: OHZ | FOICI: 10HZ | FOICI: 20HZ FOICI: 30HZ FOICI: 50HZ
1 0.17 0.24 0.48 0.74 1.13 1.44
2 0.12 0.17 0.29 0.34 0.36 0.48
3 0.04 0.04 0.08 0.11 0.23 0.32
4 0.05 0.15 0.06 0.16 0.25 0.36
5 0.25 0.45 0.86 1.13 1.50 1.77
6 0.01 0.01 0.01 0.04 0.04 0.07
7 0.09 0.13 0.18 0.28 0.39 0.46
8 0.08 0.06 0.10 0.22 0.46 0.60
9 0.05 0.03 0.12 0.16 0.35 0.38
10 0.00 0.01 0.02 0.02 0.03 0.03
11 0.02 0.07 0.41 0.71 1.25 1.74
12 0.01 0.01 0.07 0.20 0.60 0.71
13 0.04 0.01 0.09 0.13 0.44 0.58
14 0.01 0.01 0.06 0.17 0.41 0.49
15 0.02 0.04 0.22 0.60 0.97 1.81

FOECI: frequency of external circulation inverter
FOICI: frequency of internal circulation inverter

Table 3
The results of the wind speed measurement in Chamber 2 related to the inverters
Detecting FOECI:10HZ | FOECI:20HZ | FOECI:30HZ FOECI:40HZ FOECI:50HZ FOECI:50HZ
point FOICI: OHZ FOICI: OHZ FOICI: 10HZ FOICI: 20HZ FOICI: 30HZ FOICI: 50HZ
1 0.21 0.44 0.51 1.02 1.73 1.79
2 0.13 0.35 0.52 0.84 0.90 1.55
3 0.08 0.23 0.24 0.25 0.34 0.59
4 0.02 0.16 0.24 0.39 0.26 0.19
5 0.22 0.48 0.81 1.26 1.81 1.97
6 0.01 0.01 0.01 0.02 0.04 0.12
7 0.03 0.01 0.07 0.14 0.18 0.46
8 0.01 0.06 0.04 0.29 0.33 0.40
9 0.04 0.04 0.05 0.11 0.25 0.34
10 0.00 0.01 0.01 0.04 0.05 0.06
11 0.03 0.04 0.36 0.59 1.24 2.32
12 0.01 0.02 0.18 0.44 0.41 0.95
13 0.01 0.02 0.15 0.24 0.08 0.67
14 0.02 0.03 0.07 0.05 0.13 0.59
15 0.01 0.06 0.13 0.43 0.96 1.59

FOECI: frequency of external circulation inverter
FOICI: frequency of internal circulation inverter

Wind speed at air inlet and outlet during heat stress response at 32~34°C meets ventilation
requirements of 1.78 ~ 2.03 m/s; this is also the reason why the chickens gather at air inlet and outlet during
heat stress response.
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Ammonia detection results

Ammonia is not detected since insufficient chicken excrement accumulates on the bedding at the early
stage of the experiment. Table 4 shows the concentration of ammonia measured at each test point in
Chamber 1 at a height of 10 cm from the ground on August 2, 2018. Table 5 shows the concentration of
ammonia measured in chambers at a height of 10cm, 90cm and 180cm from the ground on August 6, 2018.

From Table 4 and Table 5, the ammonia concentration distribution also indicates that the chickens
prefer to gather at the air inlet and outlet. According to the environmental quality standard of livestock and
poultry farm of the Ministry of Agriculture, the ammonia gas concentration in the chicken chamber for
chickens within 50 days should be less than 10ppm. After multi-point detection, the ammonia concentration
value is less than 10ppm, meeting the breeding requirements.

Table 4
The ammonia concentration in Chamber 1 on Aug. 2, 2018
Height Detecting point Detect.ing value
(unit: ppm)
10cm 1 25
10cm 2 1.5
10cm 3 2.0
10cm 4 15
10cm 5 0.5
10cm 6 15
10cm 7 1.5
10cm 8 1.0
10cm 9 15
Table 5
The ammonia concentration in Chamber 1 & 2 on Aug. 6, 2018
Height Detecting Detecting value (unit: ppm)
(cm) point Chamberl Chamber2
10 1 6.0 4.5
10 2 35 3.8
10 3 4.5 4.5
10 4 4.5 5.0
10 5 5.5 4.0
10 6 5.0 4.0
10 7 4.0 6.0
10 8 4.0 4.5
10 9 4.5 4.0
90 1 4.0 4.2
90 2 3.8 3.8
90 3 3.0 4.0
90 4 3.8 4.0
90 5 3.5 3.8
90 6 3.0 4.0
90 7 3.8 4.5
90 8 3.5 4.0
90 9 3.0 4.0
180 1 4.0 4.0
180 2 3.8 4.0
180 3 4.0 4.5
180 4 4.0 3.8
180 5 4.0 4.0
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PM:s detection results

Statistical results after measuring PM2.s mass are shown in Table 6. Table 6 shows that in the daytime
when chickens are active, the mass of PMzs in the chicken chamber is much higher than that outside the
chicken chamber, which is about three times higher. In the lights-out time for 6 hours when the chickens are
sleeping, the PM2s mass is measured to be much less than that of the chickens when they are active during
the day, which is less than 10% of that during the daytime. Moreover, in the lights-out time at night, the PM2s

mass inside and outside of the chicken chamber is similar under the effect of air exchange.

Table 6

PM2s mass per hour both inside and outside of the chambers during the daytime and lights-out time

Daytime Lights-out time
Chamber PM2z.s mass per PM2z.s mass per PMz.s mass per PMzs mass per
Number hour inside the hour outside the hour inside the hour outside the
chamber (unit: g) | chamber (unit: g) | chamber (unit: g) | chamber (unit: g)
1 0.00180 0.00066 0.00015 0.00021
2 0.00249 0.00074 0.00020 0.00021

Weight of chicken

At the end of 20 breeding days, the yellow-feather chickens in Chamber 1 and Chamber 2 are
weighed and the weight of yellow-feather chickens measured on the 1st and 20th day in each chamber is
averaged, thus the weight gain rate is obtained using formula (1) as follows.

after ~

W, W,
before3 100%) (1)

before

Growthrate=

where:

Growth rate denotes the growth rate of chickens, Wherore denotes the average weight of chickens
before being put in Chamber 1 or Chamber 2, Waser denotes the average weight of chickens after being bred
in Chamber 1 or in Chamber 2 for 20 days.

After calculation, the final result is obtained as shown in Table 7.

Table 7
Statistical result of chickens weight gain in Chamber 1 & Chamber 2
Chamber The average weight | The average weight
of chickens on the of chickens on the Growth rate
number 1st day (unit: g) 20th day (unit: g)
Chamber 1 217.0 399.7 84.22%
Chamber 2 2159 420.2 94.64%

CONCLUSIONS

At the end of the 20-day experiment, there is no mortality of yellow-feather chickens due to heat stress
or air quality problems and the following conclusions are obtained via the experiment.

(1) The heat stress response will slow down the growth of broilers and change the colour of excreta.
Under the effect of the ventilation system, yellow-feather chickens will have slight heat stress response at 32
~ 34°C, but not life-threatening. If the ambient temperature of the chicken chamber keeps 32°C above for a
long time, the chickens grow slowly. If the ambient temperature is controlled within 32°C, the chickens grow
faster.

(2) When proper bedding and feed are selected and reasonable ventilation management system is
set, the concentration of ammonia gas and PMzs can be effectively reduced, the air quality in the chicken
chamber can be improved, so that the normal growth of yellow-feather chickens can be guaranteed. It also
suggests that this kind of small chicken chamber is easy to carry out precision control and the health of
chickens can be further guaranteed.
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ABSTRACT

The expediency of using diesel biofuel heating in a fuel tank at low ambient temperatures has been
substantiated. The article represents a mathematical model of dynamics of diesel biofuel heating in a fuel
tank, with the help of a cooling liquid, of the internal combustion engine. Comparative experimental and
theoretical studies of diesel biofuel heating in a fuel tank have been made. On the basis of the obtained data,
a mathematical dependence has been generated to determine the additional operating costs of diesel fuel
associated with the use of diesel biofuel on the basis of fatty acids as the main fuel. The work presents the
results of the carried out tests.
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INTRODUCTION

Lack of energy resources, high prices and environmental problems associated with the use of fossil
fuels encourage the production and use of alternative energy sources derived from renewable raw materials.
Diesel biofuel based on fatty acids of vegetable or animal fats manufactured using the reaction of
transesterification, has the most similar properties in comparison with standard fuel of diesel engines.
Physical and chemical properties allow using diesel biofuel with minimal changes of constructions and
settings of existing diesel engines.

Mentioning the advantages of using diesel biofuel, a number of shortcomings should be noted, which
should include high indicators of kinematic viscosity, temperature of turbidity and hardening in the first place
(Agarwal A.K., Gupta J.G., Dhar A., 2017; Alptekin E., Canakci M., 2009; Dunn R.O., 2009). The analysis of
physical and mechanical properties of diesel biofuel obtained from various vegetable and animal fats
indicates problems associated with the use at temperatures below plus 10 degrees (Pérez A., Casas A.,
Ferndndez C., Ramos M., Rodriguez L., 2010; Sandhya K. Vijayan, Mary Naveena Victor, Abinandan
Sudharsanam, Velappan Kandukalpatti Chinnaraj, Vedaraman Nagarajan, Sandhya K. Vijayan, 2018). The
use of diesel biofuel at low ambient temperatures leads to blockages of filters and fuel lines (Kerschbaum S.,
Rinke G., Schubert K., 2008; Ramos M.J., Fernandez C.M., Casas A., Rodriguez L., Perez A., 2009; Park J.
Y., Kim D.K., Lee J.P., Park, S.C., Kim Y.J., Lee, J.S. 2008), the appearance of uncharacteristic vibrations
(Lapuerta M., Herreros J. M., Garcia-Contreras R., Briceno Y., 2008) in structural elements of fuel
equipment, the formation of soluble and insoluble precipitates in fuel tanks and storage tanks (Kerschbaum
S., Rinke G., Schubert K., 2008; Dwivedi G., Verma P., Sharma M.P., 2016).

Peculiarities of low temperature of biofuel are associated with the length and branching of the fatty
acids structural chain, the location of double bonds along the length of the chain and the degree of
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unsaturation of the molecules (Dunn R.O., 2009; Sierra-Cantor J.F., Guerrero-Fajardo C.A., 2017; Ramos
M.J., Fernandez C.M., Casas A., Rodriguez L., Perez A., 2009; Yuan M.H., Chen Y.H., Chen J.H., Luo Y.M.
2017). Nowadays quite a lot of studies have been carried out allowing to improve the low-temperature
properties of diesel biofuel to some extent, but the proposed methods will require the implementation of
additional technological operations (Knothe G., Krahl J. & Gerpen J Van., 2015; Pérez A., Casas A.,
Fernandez C., Ramos M., Rodriguez L., 2010), additional components (Maximo G.J., Magalhdes A.M.S.,
Gongalves M.M., 2018; Udomsap P., Sahapatsombat U., Puttasawat B., Krasae P., 2008; Ali O.M., Mamat
R., Abdullah N.R., Abdullah A.A., 2016; Lapuerta M., Herreros J. M., Garcia-Contreras R., Briceno Y., 2008)
and leads to a decrease in the output of the finished product (Pérez A., Casas A., Fernandez C., Ramos M.,
Rodriguez L., 2010), which negatively affects the profitability of production and the economic attractiveness
of this fuel for the end user.

The work (Trehub M.I., Chuba V.V., 2008; Golub G.A., Chuba V.V., Pavlenko M. U., 2012) considers
the temperature aspects of using pure diesel biofuels and their mixtures with petroleum fuels. The authors
propose the use of pre-heating diesel fuel in a fuel tank during the cold season in order to optimize viscosity
to ensure fluidity and filtration. In terms of quality of the filtration process - the best filtering of diesel fuel with
coarse filters and fine purification occurs when the kinematic viscosity of fuel in the range 2.5-4.0 mm?/s. For
diesel biofuels, this kinematic viscosity can be reached in the temperature range from 30 to 45°C, and
heating of fuel to this temperature range can be achieved without significant changes to existing fuelling
systems of the internal combustion engine.

The goal of this work is to increase the efficiency and assess the use of diesel biofuel by
substantiating the performance indicators of the heating system.

MATERIALS AND METHODS

To determine the cloud point and pour point the fuel samples were previously dehydrated. After
dehydration, the fuel was poured into two transparent glass tubes. The test tube, which had double walls,
was placed into a cooling thermostat, the other one served as a standard. When the temperature dropped by
01% the tubes were 1lit, with signs of c¢cloudiness
cooling, the tube was periodically pricked, when the fuel lost mobility at an angle of 45 degrees, the pour
point was fixed.

Viscosity of diesel biofuel and its mixtures with diesel fuel of oil origin was determined using liquid
viscometers, which were placed into a thermostat maintaining a constant set temperature.

To study the effectivenessof di es el bi ofuel heating, thdoDowelwasys

modernized according to the scheme (Golub G.A., Trehub M.1., Chuba V.V., Pavlenko M. U., 2018). A diesel
fuel tank is equipped with a liquid heat exchanger, which is included in the small circle of the cooling system
of the diesel engine for internal combustion (fig. 1).

The heat balance of the system

Qc - QFB' QTF - QTE =0

N
2 The heat flow for heating the fuel )
% Q dqr The heat flow from the tank to the environment
=mM.C, — L —
“E " TP At Qe = kCOFCO(UTF - UE)
i The heat flow for heating the tank body
[ _ dT
QFB = MegCrp E
T T T T The heat flow of coolant cooling system
m Coolant of the engine cooling Q, =k FTaei UTF8
7 ! 7 T ¢ 2 )

The heat flow from the heat exchanger to
the environment

kufu%a”” .

Fig. 1 - Scheme for calculating diesel biofuels heating
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The notations in the figure are:
Qc T the heat flow that gives the heat-carrier during the passage of the heat exchanger, W; Qes i a
heat flow transmitted to the fuel tank body, W; Qs 7 a heat flow transmitted to fuel, W; Qe i a heat flow lost
to the environment, W; mre 1 is the fuel mass in atank, kg; fip T speci fic heat mgftankuel , .
mass, kg; cesi sSpeci fic heat of akri acoéficiemaof keat tramdfer thrdughkadla wall
between the heating medium and fuel, W/m2A 4 E1 i the area of heat exchange between the heating
medium and the fuel in the tank, m?; Txr i the temperature of the coolant at the inlet to the heat exchanger,
Adwyerit emperature of the cooling f1l ui dTd the fuchtemperaiurelinet o f
t he t akdsi theAamefficient of heat transfer through the outer walls of the tank to the environment
W/m2A uFEcoi the area of the external surface of the tank in contact with the environment, m2; Tg i ambient
t emper at krgiea coefigient of heat transfer through the external wall of the heat exchanger to the
environment, W/m2A u F1e i the area of the external surface of the heat exchanger in contact with the
environment, m2.
To measure the temperature of the fuel in the fuel tank, the temperature of the coolant at the inlet to
the heat exchanger and at the exit from it, a thermocouple is installed. The temperature change recording
was carried out continuously with the help of program- hardware complex on the basis of the personal
compute r AASUSO and a temperature meter ARegmi ko. The cc
fixed using a liquid flow meter. The velocity of air motion in the basin area of the tank was measured using
an anemometer. General view of experimental equipment during research is shown in fig. 2.

0) b)
Fig. 2 - General view of experimental equipment during research
a - general view of a tractor with a biofuel tank with heating; b - diesel biofuel tank with heating

Before the measurement, the engine was heated to the working temperature, and the ambient and
fuel temperatures in the fuel tank were recorded. After reaching the working temperature, the engine opened
the supply of the heated coolant to the heat exchanger of the fuel tank and the changes in fuel temperature
in the fuel tank were measured, as well as the temperature of the coolant at the inlet and outlet of the heat
exchanger. The research was carried out at engine idling mode at constant turnovers, and during the study
period the coolant flow rate and air flow velocity were determined.

Using the experimental data obtained, a theoretical modelling of the diesel fuel heating time in a fuel
tank was performed. A comparison of the obtained theoretical and experimental dependence has been
performed. On the basis of the obtained data, a mathematical dependence has been generated to determine
the additional operating costs of diesel fuel when using biofuels.

RESULTS
The obtained indicators of the cloud point and pour point of diesel biofuels produced from the main
oilseeds of Ukraine for determining the maximum temperature range of the use of diesel biofuels are shown
in table 1. The cloud point of diesel biofuel characterizes the appearance of particles that can clog the fuel
line and the filter elements of the engine.
Table 1
Cloud point and pour point of diesel biofuel

. Diesel biofuel based on
Indicator - - -
soybean oil sunflower oil rapeseed oil
Cloud point, A 4 10.0 9.6 7.9
Pour point, A 2.7 0.9 i0.8
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The analysis of the obtained results allows asserting the inexpediency of the use of diesel biofuel at a
temperature of |l ess than 10Aw4.

An important parameter that provides fuel filtration is the kinematic viscosity. We have performed
comparative studies to determine the effect of temperature on the viscosity of diesel biofuel produced from
rapeseed and soybean oil depending on temperature (table 2). It should be noted that in order to improve the
low-temperature properties, diesel biofuel based on soybean oil is additionally frozen.

Table 2
Kinematic viscosity of fuels, mm?/sec
Fuel type Temperature, ¢
0 3 8.5 14 17.5 20
Diesel fuel 10.22 8.43 6.13 5.27 4.85 4.5
Diesel biofuel from rapeseed oil 17.42 13.31 10.97 8.92 8.2 7.64
Diesel biofuel from soybean oil 14.23 11.06 8.5* 7.21 6.68 6.15

*§ data is recorded at a temperature of 8.2 A u .

It was found that in the studied temperature range from 14 to 20°C the kinematic viscosity of diesel
biofuel from rapeseed and soybean oils when compared to diesel fuel is higher by 70% and 37%,
respectively. When comparing diesel fuel with biofuel from soybean oil, the viscosity of diesel biofuel from
rapeseed oil is higher by 24%.

One of the directions of diesel biofuel use is the use of mixtures with diesel fuel of oil origin. We have
researched the effect of temperature on the viscosity of mixtures of diesel biofuels based on soybean and
rapeseed oils with the addition of 30 and 50 percent of diesel fuel of oil origin (table. 3).

Table 3
Kinematic viscosity of mixtures of diesel biofuel with diesel fuel, mm?/sec

Temperature, A u
Fuel
0 3 8 14 19

70 % biofuel from rapeseed oil

+30 % diesel fuel 1523 | 11.34 8.96 7.36 7.22
70 % biofuel from soybean oil

+30 % diesel fuel 11.92 9.97 7.74 6.42 6.27
50 % biofuel from rapeseed oil

+50 % diesel fuel 14.83 10.83 8.29 6.94 6.02
50 % biofuel from soybean oil

+50 % diesel fuel 11.42 9.31 7.18 6.09 5.91

The analysis shows that the kinematic viscosity of fuel mixtures also decreases with increasing fuel
temperature. Fuel mixtures with 30% of diesel fuel content have a kinematic viscosity higher by 2-8% when
compared to a mixture containing 50% of diesel fuel depending on the temperature. This proportion is typical
for both rapeseed and soybean oil biofuels.

Studies have shown that at a temperature of 19°C, the addition of biofuel from rapeseed oil and 30%
of diesel fuel leads to a decrease in the viscosity of the mixture by 5.5%, and the addition of 50% of diesel
fuel reduces the viscosity of the mixture by 13 %. When the temperature drops down to 14°C the difference
in kinematic viscosity increases up to 17% and 27%, respectively. The addition of diesel fuel to biofuels from
soybean oil reduces the kinematic viscosity by 2 % and 4 % at 19°C, respectively, for mixtures containing
30% and 50% of diesel fuel and 11% and 17% at 14°C. Consequently, the addition of diesel fuel leads to a
certain decrease in the kinematic viscosity of diesel biofuel, but does not allow increasing its kinematic
viscosity at low temperatures.

In Ukraine, a significant number of technological operations of agricultural production are carried out at
an ambient temperature below 10°C. In this case, the most appropriate way to improve the efficiency of
diesel biofuels use is its heating in the fuel tank.

Taking into account the expressions for determining the heat flow, the equation of heat flows balance
of a fuel tank with a liquid heat exchanger takes the form:

dT AT, +T,
(mecy+ Mo o)y (KR e RIE 5T S(K R Ko Te (Kthe ko T O
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Having solved the differential equation (1), we obtain the equation for changing the final temperature
of fuel in the tank from the values of the parameters of the heat transfer equation:

3 +
(kT FT - kTE FTE)%TXTZi 8‘( kTEFTE k'(:oFca TE
TFTT = ¢ = 3
(kT FT + kco I:co) 2

a a 60 3
388 -expe (kT FT+kcoFco) t OOTﬁi-T exp i}(TFT "'kcoFcc) t

2 @ (Mo meg) X F Gt R

where:

Trrithe initial temperature of fuel in the tank, Awu;

Territhe final temperature of fuel in the tank, Awu;

Ui time of fuel heating in the fuel tank, s.

The given equation (2) determines the relationship between the technological and structural
parameters of a fuel tank and a liquid heat exchanger for heating fuel in a fuel tank.

In order to verify the obtained theoretical dependence (2), experimental research of the process of
diesel fuel heating in a fuel tank was carried out at engine running at idle speed, the parameters of the heat
exchange process (Table 4) were determined, and an experimental dependence of the temperature change
of fuel in a fuel tank (Fig. 3) was obtained. Heat transfer coefficients (Table 4) are calculated in accordance
with the well-known formulas and empirical dependencies.

Using the dependence (2), on the basis of the parameters of the heat exchange process and the
structural parameters of the fuel tank (Table 4), the theoretical modelling of the fuel heating process in the
fuel tank was made, and the theoretical dependence of the heating fuel dynamics (Fig. 3) was constructed.

The value of the deviation of the experimental and theoretical values of the fuel temperature is
estimated by the determination index, which is d? = 0.953, which gives an opportunity to draw a conclusion
on the correctness of the chosen method of theoretical calculations. The discrepancy between experimental
and theoretical data is due to the fact that during theoretical research, due to the complexity of the
determinati on, the heat |l oss wasnot taken nto accoun
tractor body parts at the points of the tank fixing.

Table 4
Constructive and technological parameters of the heat exchange process of
diesel biofuel heating during theoretical calculation

- Parameter name Parameter markir)g Parameter

and measure unit value
1 The area of the tank outer surface Fco, m? 0.388
2 The thickness of the tank wall Orw, m _ 0.004
3 The thermal conductivity coefficient of the tank wall material avc, W/ m A\ 51.5
4 Air movement speed Vam, m/s 2
5 'el':\?irci)c;ﬁ:]fg:rl:tent of heat transfer through the tank outer wall to the kv, W/m2A 13.275
6 ;I;]r;etg;ia of heat exchange between the heating medium and fuel in Fr. m2 0.08
7 Coolant flow rate Vs, m/s 0.01683
8 Heat transfer coefficient from the heating medium to the fuel ks, WIm2A g 220.196
9 The_ area of the heat exchanger external surface in contact with the Fre, m2 0.268

environment

10 \'Il'vr;ﬁ f(;)ter:fé(:éenr:;[irc())fnr:s:rt]ttransfer through the heat exchanger exterior kre, W/m2A 4 13.295
11 ;r(\ght:r%p:rature of the engine coolant at the inlet to the heat Tur, Ay 81
12 'el'sshtaerzgpéfrature of the engine coolant at the output of the heat ser, Aw 77
13 Ambient temperature Te, AH 13
14 Initial fuel temperature in the fuel tank TiT, A 13
15 | Mass of fuel in the tank mrs, Kg 25
16 | Specific heat of diesel hiofuel ce, J/ kg 4 2100
17 | Tank mass Ms s kg 30
18 | Specific heat capacity of the tank material fis, JJ/ kg 462
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Fuel temperature in tank, A4
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Heating time, sec

Fig. 3 - Dynamics of the process of heating diesel fuel in a fuel tank

In order to prevent the introduction of diesel biofuel into motor oil, the start of diesel engine while
working on diesel biofuel should be carried out only on diesel fuel. The variable consumption of diesel fuel
associated with starting of the engine can be determined based on the design features, in the formula:

Q\D/F :kRR(VCFF 'NFFF VF \’ﬂ7HP) (3)

where:

QVoe T variable diesel fuel consumption for engine start, |;

krr 1 reserve coefficient, relative unit;

Vcee I volume of a coarse fuel filter, |,

Vere 1 volume of fine fuel filter, |;

Ve T internal volume of fuel lines, I;

Vivup T internal volume of the head of the high-pressure fuel pump, I.

The variable fuel consumption of diesel fuel when the diesel fuel tank is heated at an ambient
temperature below 10°C can be determined as follows:

QSF =t GHF (4)
where:
QMor1 variable diesel fuel consumption for engine start and fuel heating in the fuel tank, I;
tu T an operating time of the engine on diesel fuel, required for heating diesel biofuels in a fuel tank, h;
Gue T hourly fuel consumption, at the operation mode of the engine in the heating of diesel biofuel, I.
The total additional consumption of diesel fuel when diesel oil is replaced by biofuel, can be
determined based on the consumption of diesel fuel as follows:

QI:E))F :%ngF KQR(VCFF Ve % \’ﬂ?HP) (1 + KJF) L Q«F (%)

where:

kor T is a coefficient of diesel fuel consumption distribution, in accordance with the maximum
temperature of diesel fuel without heating, relative unit;

Qor T amount of diesel fuel spent on the execution of the unit or volume of work, I;

Qur 1 average fuel consumption variable, I.

The obtained dependence (5) allows calculating the consumption of diesel fuel due to the operational
features of the use of diesel biofuel and the need for its heating at low temperatures.

CONCLUSIONS

The results of studies on the cloud point and pour point, as well as the kinematic viscosity of diesel
biofuels and its mixtures with diesel fuel at temperatures ranging from 0 to 20°C, indicate that the effective
range of use of diesel biofuels, in which the properties of biofuels will not significantly affect the operation of
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the diesel engine, is at a temperature higher than 10°C. At ambient temperatures below 10°C, to ensure fuel
filtration, it is advisable to use preheating of fuel in the fuel tank.

The differential equation of diesel biofuel heating in a fuel tank has been defined, which connects the
design parameters of the fuel tank, the temperature conditions of the environment and the parameters of the
heat exchange process.

The comparative theoretical and experimental studies allow stating the adequacy of the solution of the
differential fuel heating equation in the fuel tank. The obtained mathematical dependence can be used in
further research on operation modes of the internal combustion engine and the heating of a fuel tank, from
an optimization method of diesel biofuel heating time in a fuel tank.

As a result of the analysis of the diesel engine performance when using diesel biofuel, an expression
has been obtained to determine the additional operating costs of diesel fuel associated with starting the
engine and heating diesel fuel in a fuel tank.

The obtained results allow to design the operating modes of the engine during diesel fuel heating in a
fuel tank at low ambient temperatures and to evaluate the additional operating costs of diesel fuel of oil
origin.
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ABSTRACT

Experimental analysis of air velocity and temperature distribution in poultry houses is laborious, especially for

large scale houses. Enhanced broiler yield can be obtained when the house is suitably ventilated. Therefore,

efficient prediction tools would be vital. Computational fluid dynamics (CFD) provides detailed data on indoor

flow patterns, air velocity and temperature distribution in poultry houses giving promising outlooks as an

efficient and cost-effective tool to establish optimum ventilation systems. This work focused on evaluation

and numerical analysis of the influence of differential pressure (20, 30 and 40 Pa) and fan activation

scenarios on indoor air velocity and temperature distribution in a poultry house. Results showed that air

velocity tends to be maximum toward the centre of the cross-section of the house and minimum near the

floor next to the side walls. Furthermore, it is elucidated that considerable thermal discomfort for chickens is

likely due to temperature variation at the proximity to the exhaust fans. Based on the evaluations of pressure

variation on the air velocity distribution, quick estimation of the air velocity can be obtained in the zones

occupied bychickens. Generally speaking, humerical computation of the equations dominating the poultry

house leads to desirable control model of the ventilation and aeration. This would be vital in decision making

and economical management of the house.

w Hobl 3

bpv ABK 4f4Tpbn3 m 4T polpl FIDD p. BATRFSLOOFOMI g pofbT B . XM CFM KO FHK p B

(CFD)e bf 2BF c8 bfrT h ' T@FXTHF CHMBFI 3 bE K 440EEM Hrithf I 35T I|OBIE TFIA
OoFp 32 _ UdTpht 2 gmpUBec u dadFghFOgFep DI F B AT Mg FFmox K KD BT LU THORED

30209 pfrl T Pwb3F prXrh _ obp&BbisfBEHK MO HEEH DM DBl &1 DK 1P
pFpbYs pXt Fpec 32 Fmk YGKp b bt pF@g Fpik x99 Y BAmC vk B p kv (G
b2F L pKF BBFX AF BpdBbridix FAtBFI FIk3pl FBM T, pu MppFKoxt  m P! cvThCx pp
cB _ FMk 9Kp B UT @MIF TEGD Fp FEIF TH FSFRDEBIT TITHED! FBSWKahF MSEVERRRTes 0%0p F KE /1
A3 ptxs | opFbOpB pph kIOF Oud 9bifgdrvufre ABRMO m P BF b 1] &SI X Ag vk ip

AdBF c¢hFrTc pFThHhI o0pFpOpBThLpmwhHLEBAdTCHADIBMKM MO GIT MADHT B/

Nomenclature

P Pressure, Pa AE total chicken heat, W
Z Density, kg m AHS sensible heat from chicken, W
{} Total entropy, J Kt AHL  latent heat from chicken, W
W Stress tensor, Pa m mass of chicken, kg
E Total energy, J Ti indoor temperature, °C
Heat transmission coefficient Sm Mass source, kg m=
Specific enthalpy, J kg? J Component of diffusion flux, kg m?s!

INTRODUCTION

Meat production in poultry is a crucial and economical industry in the world (Mostafa et al., 2012).
Controlling poultry conditions is an increasingly important issue in rearing processes. Environmental control
systems in poultry houses include heating, ventilation and cooling which in turn are featured by temperature,
air velocity, relative humidity, concentration of oxygen, ammonia, carbon dioxide, dust and microbial
contamination (Blanes-Vidal et al., 2007). Ventilation in poultry houses is an action that prepares required air
and oxygen, thermal comfort and reduces polluted gas concentration of chickens. The most common system
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in poultry houses is forced ventilation based on negative-pressure. Velocity range at the animal level, rate of
air exchange and air distribution are three basic principles for ventilation design (MWPS., 1990; ASAE
EP270.5., 2009; Pedersen., 1999). Operational factors such as fan operation, adjustment of air inlet
openings and pressure drop are essential to define an optimal ventilation system (Bustamante et al., 2012).
Among ventilation systems, tunnel ventilation is extensively used in most poultry houses in order to remove
extra heat and to simultaneously prepare the required amount of fresh air during hot seasons (Kwon et al.,
2015). A significant distinction between tunnel ventilation and conventional poultry housing is the uniformity
of air movement. The uniform air movement results in increased cooling for the birds throughout the house.
In ventilation systems, poultry breeders usually control the internal environment by changing the amount of
slot opening inlets and the activity of fans. These changes are performed by automatisms that cause
changes in the differential pressure and air velocity values (Bustamante et al., 2013). Air flow rate in the zone
occupied by the birds is one of the main parameters affecting the creation of an appropriate indoor
environment (Zaj 2| ek an)WHhen the,amifadce 8limate is hot and humid, temperature inside the
poultry house rises above the recommended levels. As a result, air flow rate strongly affects convective
animal heat losses and plays a vital role in animal welfare. However, experimental measurement of air
velocities in poultry houses has obstacles such as lack of comprehensive details of interior air velocity in
various parts of the building, high cost of measuring devices and finally sensitivity of some electronic devices
to environmental parameters which distort the output data (Blanes-Vidal et al., 2008).

In the last few years there has been a growing interest in using computational fluid dynamics (CFD) in
order to remove experimental measurement limitations and get careful results (Lee et al., 2007;Seo et al.,
2009). This method has several benefits for setting the experimental conditions within poultry houses,
enabling airflow predictions. Hence, CFD has been widely used for ventilation of concentrated agricultural
systems, such as greenhouse (Bartzanas et al., 2002; Campen and Bot, 2003; Campen, 2005; Fatnassi et
al., 2006; OuldKhaoua et al., 2006; Baeza et al., 2008; Bournet et al., 2007), poultry houses (Norton et al.,
2010; Li, 2012; Zajicek and Kic, 2012; ElI Mogharbel et al., 2013; Rojano et al., 2015; Bustamante et al.,
2015), livestock houses (Bjerg et al., 2013; Wu et al., 2012) and storage (Ghoreishi-Madiseh et al., 2015;
Tseng et al.,, 2016). CFD has been considered as a strong and versatile tool for analyzing complex
phenomena, such as turbulent flow or heat transfer, according to various environmental conditions (Kwon et
al., 2015). CFD could also save the cost, time and effort associated with field experiments to establish the
optimum system (Lee et al., 2009). Another effective parameter inside the poultry house is static pressure.
Indeed, when the exhaust fan is active, it pulls air out of the house. Air from outside the house moves into
the house to replace the air removed by the exhaust fan. Theoretically, when the fans are active, they could
pull all the air out of the house and creating a vacuum (Czarick et al., 2002). The higher static pressure the
harder the fans have to work. As the level of static pressure increases, the amount of air moved by a fan
decreases and power usage increases (Czarick et al., 2010).

In this work, we study a poultry house equipped with tunnel ventilation, using a powerful numerical
method, CFD, to characterize the accurate internal environment. Thermohydraulic parameters governing the
house ventilation and hence optimum management are quantified. The impact of static pressure and nhumber
of active fans on the air velocity and temperature distribution in the zone occupied by the birds (0.2 m above
of floor) are argued.

MATERIALS AND METHODS
Simulated broiler house

The poultry house simulated in this study was typical of that popularly used in Iran. It was located in
the city of Nooshin Shahr (latitude: 37A, 43aq, I
geometric dimensions of the hall are as follows: length, 80 m; width, 15.80 m; side-wall height, 2.7 m, and
the maximum distance from floor to ceiling, 3.6 m. This broiler house uses a mechanically ventilated tunnel
system by negative pressure with multiple tunnel fans during the summer and a mechanically cross-
ventilated system using a number of inlets in the winter. The house was provided with 10 side-wall inlets,
each 120 cm wide and 100 cm high, whose central horizontal axis was located 1.1 m above the floor, and
seven fans located at the end wall with a diameter of 0.65 m. Brick was the main material used in all the
walls and polystyrene as insulation between bricks and sandwich panels with a thickness of 4 cm used for
roof (Fig. 1).

The actual arrangement of the house is given in Fig 2. Characteristic of poultry house used in
simulation are indicated in Table 1.
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Fig. 1 -Structure of poultry houses walls

Fig. 2 -Schematic and dimensions of poultry house

Table 1
Characteristic of poultry house used in simulation
Poultry house dimensions

Length 80m
Width 15.8m
Height 27m
Ceiling height 3.6m
Chicken number 19000
Chicken density 15 chickens per m?
Chicken age 3 weeks
Number of exhaust fans 7 (diameter 1.3 m)
Number of air inlets 10 (1.20 * 1.00 m)

Numerical model

Numerical methods for calculating air velocity and temperature distribution of poultry house are
attractive in terms of time and costs given the difficulty to experimentally determining the flow and
temperature field. In this study, three-dimensional CFD models were generated by COMSOL Multiphysics
(ver. 5.1) software. Fine and dense meshes were used to improve the accuracy of the CFD model. The
standard k-¥ mo d el was used t o sanhterhparatee in theesumanierr(high eehtiatomn
rate) conditions and simulations were carried out under steady-state conditions. This model performs
excellent near the wall, as a result of its simple low Reynolds number formulation and its ability to accurately
compute flows with weak adverse pressure gradients (Yang, 2004).
Governing equations

CFD indeed acts as a powerful alternative for implementation of sensors and massive
experimentation. The fundamental theory behind all CFD methods is the resolution of a set of nonlinear
partial differential equations where the equations correspond to conversation of mass (Eq. (1)) or continuity,
momentum (Eqg. (2)) or Navier-St ok e 6s | aw a@)i(Shvkumar,@2§14; M&stafa et al., 2012 ; Seo
et al., 2009; ElI Mogharbel et al., 2013).
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Boundary condition

Boundary conditions for air inlets and outlet fans, differential pressure was chosen. The differential
pressure variable was set at 20, 30 and 40 Pa. At each pressure level, two groups of fans worked: first stage
5 fans active and second stage 7 fans active. Average ambient temperature for summer conditions in
western Azerbaijan was chosen 25°C and heat flux boundary condition for the floor, instead of the heat
generated by the hens, determined with Eq. (4), was applied. Also for heat exchange with the exterior, heat
flux boundary condition were considered. Eq. (5) and Eq. (6) compute the produced sensible and latent heat,
respectively (CIGR, 2002).

60 pa P (4)
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00 60 060

(6)

RESULTS

The main objective of this article is to show effect of differential pressure between inlet and outlet on
air velocity and temperature distribution in the zone occupied by the birds by CFD methods. A comparison of
velocity profiles and temperature profiles at various differential pressure and fans activation was done.
Air velocity variation

Fig. 3 illustrates the air velocity distribution of the poultry house at 20 Pa differential pressure and 5
fans active conditions. The results, as seen in fig. 3, indicate that maximum value for air velocity obtained in
centerline of the house and the region near the inlets. In half end of house distribution of air velocity is
approximately uniform. It can be seen infig. 3 that air velocity tends to be highest toward the center of the
house cross-section and lowest near the floor next to the side walls. There are similarities in the distribution
of velocities between the present study and (Blanes-Vidal et al., 2007; Czarick et al., 2015) study. Variation
of air velocity at 30 and 40 Pa differential pressure and 5 fans active condition are shown in figures 4 and 5,
respectively.
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Fig. 3 - Variation of air velocity at 20 Pa differential pressure and 5 fans active condition
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Fig. 4 - Variation of air velocity at 30 Pa differential pressure and 5 fans active condition

Slice: Velocity magnitude (m/s)

TR -
N 1

<.

=
0
Oooi
LO

Fig. 5 - Variation of air velocity at 40 Pa differential pressure and 5 fans active condition

Fig. 6, 7 and 8 present the distribution of air velocity within the poultry house at various differential
pressures (20, 30 and 40 Pa) and 7 fans active condition, respectively. The maximum value for air velocity in
the centerline of the house at 20, 30 and 40 Pa differential pressures is 1.2, 1.8 and 2 m/s, respectively.
Proper air velocity in the poultry house is essential for ensuring thermal homogeneity in the zone occupied by
the chickens. Also sufficient air velocity is required to keep the litter inside the house dry. When ambient
temperatures are above that in the chicken zone, air velocity must be kept relatively high to reduce bird body
heat (Mostafa et al., 2012). According to (Bustamante et al., 2015) high air velocity values (~2 m/s) in the
poultry house can help for chicken thermoregulation by increasing the convective flux heat of them and
therefore decrease their thermal stress and reduce mortality. Also this finding corresponded to (Czarick et
al., 2010) who indicate that with increasing static pressure, speed increases. This result is shown in figure 9.
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Fig. 6 - Variation of air velocity at 20 Pa differential pressure and 7 fans active condition
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Fig. 7 - Variation of air velocity at 30 Pa differential pressure and 7 fans active condition
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Fig. 8 - Variation of air velocity at 40 Pa differential pressure and 7 fans active condition

Fig. 9 - Relationship between air velocity and the static pressure in tunnel-ventilated houses
(Czarick et al., 2010)

Temperature variation

Figures 10-12 describe the monitored thermal distribution along the zone occupied by the chickens
(0.2 m above the floor) according to the variables of differential pressure (20, 30 and 40 Pa) and 5 fans
active, respectively. It is shown in figure 10 that air temperature increases when it moves through the poultry
house length. When entering air temperature was 25°C, the CFD model predicted an increase in air
temperature in the order of 4 or 5°C at the outlets; This increase is due to heat production by animal.
Therefore, additional heat is transported from the inlet towards the outlet. This result has best agreement
with (Lee et al., 2007; Osorio et al., 2011; Rocha et al., 2014) searches. Also this temperature increasing for
figures 11 and 12 observable, but value of output temperature reduces due to increasing air velocity.
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