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PETIJUMA PRIEKSMETS UN PROBLEMAS
AKTUALITATE

No promocijas darba apliikoto agrako pétijumu analizes, bija secinams, ka
arklu korpusu darba un energétiskos raditajus ietekmé korpusu konstruktivais
izveidojums, augsnes fizikali mehaniskas Tpasibas un darbibas reZims (arSanas
atrums un arkla agregatéSanas veids ar traktoru). Tomér dazadu autoru izteiktas
atzinas ir atSkirigas, atsevi§kos gadijumos pat pretrunigas. Daudzu faktoru ietekme
nav pietiekami izpétita, nav noteikti korpusu optimalie parametri un darbibas
reZimi.

Augsnes apstrade ir viens no energoietilpigakajiem un dargakajiem
procesiem lauksaimnieciskaja razo$ana. Ta prasa 180-320 kWh ha ' un tai uz katru
apstradato hektaru izlieto 50-80 kg dizeldegvielas, kas ir 20-25% no tas
kopizlietojuma lauksaimnieciba [1]. Pie pasreiz§jam augsnes apstrades
tehnologijam un masinam tas maksa vidgji 80 Ls ha'. No visam augsnes apstrades
operacijam visenergoietilpigaka un ar1 dargaka ir arSana. Ta sastada 26-50% no
kopéja energijas izlietojuma augsnes apstradé un maksa 20-46 Ls ha' [2, 3].
L&tas, konkurétspéjigas lauksaimniecibas produkcijas razoSanai Sie izdevumi ir
jasamazina, pilnveidojot arSanas tehnologiju, arklu konstruktivo izveidojumu, to
agregatéSanu un izmanto$anu. Saistiba ar to tika izveléta promocijas darba t€ma:
,»Arklu korpusu optimalo parametru un darba rezima pamatojums”.

Promocijas darba apskatiti un analizéti [idzSingjie petijumi par arklu un to
galveno darbigo dalu — korpusu izveidojumu un darbibu, to parametru un darba
rezimu izvéli un pamatojumu. Vadoties no tiem, pienemta talak veicamo pétfjumu
nostadne, noskaidroti neskaidrie talak p&tamie jautajumi un uzdevumi, izvirzita
pétijumu programma un metodika, noteikts petijumu apjoms. Izvirzito uzdevumu
risinaSanai veikti teor€tiskie pétijumi, izmantojot datortehniku. Galvena veriba
veltita arSanas energoietilpibas pétijumiem, to noteicoSajiem faktoriem un
risindjumiem tas samazinasanai. Eksperimentalie pétjjumi veikti teor€tisko
pétijumu  secindgjumu  apstiprindgjumam, arklu  konstruktivo  risinajumu,
agregatéSanas un izmantoSanas pilnveidoSanai. Tie veikti arT augspu fizikali
mehanisko 1pasibu skaidrosanai saistiba ar to apstradi.

PETIJUMU MERKIS UN UZDEVUMI

Pétijjuma mérkis: veikt teorStiskus un eksperimentalus pétijumus arkla
korpusa optimalu parametru un darba rezimu noteikSanai, kas nodroSinatu
kvalitativu arumu ar minimalu energijas, darba un lidzeklu izlietojumu.

Darba meérka sasniegSanai izvirziti un risinati $adi uzdevumi:

e  analiz&t esoSos arSanas tehnologiska procesa un arklu korpusu konstruktiva
izveidojuma risinajumus, to parametrus, darba rezimus, vilces pretestibu un
tos ietekmgjosos faktorus;



e  veikt teor€tiskos pétljumus un ieglit analitiskas sakaribas uz arkla korpusu
darbojoSos speku un vilces pretestibas noteikSanai saistiba ar korpusa
parametriem, augsnes fizikali mehaniskajam Tpasibam un darbibas rezimu;

. izmantojot analitiskas likumsakaribas, izstradat datora algoritmu, ar kura
palidzibu varétu modelét arkla korpusa darbibu un uz ta darbigajam dalam
darbojosos spekus, ka arT vilces pretestibu;

e  veikt uz arkla korpusu darbojoSos speku un vilces pretestibas modeléSanu
atkariba no horizontalas veidules slipuma, sakuma célajlenka lieluma;

e  novertet augsnes fizikali mehanisko ipasibu, 1pasi berzes pretestibas ietekmi
uz arkla korpusa vilces pretestibu;

e noteikt arkla korpusa un ta cglaj-versgjvirsmas Ipatngjo vilces pretestibu
atkariba no korpusa tveriena;

e izveidot tribometrisko stendu un veikt augsnes slides pretestibas pa t€raudu
izmainu analizi atkariba no slidéSanas atruma un ipatn&ja spiediena starp
slides virsmam;

e  veikt arklu korpusu vilces pretestibas, optimalo parametru un darba rezZimu
eksperimentalos p&tijumus;

e noskaidrot pretestibas samazina$anas iespgjas, korpusa darbigo dalu
racionalakas izveides iesp&ju, to parametru un darba reZimu optimizaciju.

PETIJUMU OBJEKTS

Pétijjumu objekts ir arkla korpuss, uz to darbojosSies spéki, korpusa
parametru un darba reZimu ieteckme uz ta vilces pretestibu, korpusa optimalo
parametru pamatoSana.

PETIJUMU APJOMS UN SATURS

Vadoties no izvirzita mérka, noteikts veicamo pé&tijumu apjoms, struktiira
un saturs:

o ieprieksgjo petijumu apskats un datu analize;

o teoréctiskie p&tijumi: uz korpusu darbojosos speku un korpusa vilces
pretestibas modeleésana, optimalo parametru un darba rezimu
pamatoSana;

e laboratorijas eksperimentalie petijumi par augsnes slides pretestibu un
to ietekmg&josiem faktoriem;

o lauka eksperimentalie p&tijumi par korpusu parametru un darba rezimu
ietekmi uz ar§anas energoietilpibu;

e pétfjumu atzinu ievieSana un parbaude razosana;

e ckonomiska efektivitate.



PETIJUMU VISPAREJA METODIKA

Arkla korpuss apliukots ka arkla un arSanas agregata sastavdala (atsevisks
elements), kura darbibu var ietekm&t arkla konstrukcija, komplektacija
(priekslobitaji, stirgriezi, ripas, sferiskie, plakanie korpusam pievienojamie nazi),
agregat€Sanas veids ar traktoru un arSana izmantojama traktora uzkares iekartas
darbibas rezimu regul€Sanas iesp&jas. Tomer, lai ierobezotu p&tljumu apjomu,
korpuss pétits ka atsevisks ar pargjiem arkla elementiem nesaistits objekts.

Atbilsto$i pienemtajai hipot€zei un ieprieks$gjo petjumu metodiskajiem
priek$nosacTjumiem parveidotas analitiskas sakaribas un izstradats algoritms uz
korpusu darbojosos spéku un vilces pretestibas modeléSanai, izmantojot
datortehniku. Analitisko sakaribu un spéku model€sanas algoritma funkciongsanas
parbaudei veikts vid&jiem arSanas apstakliem atbilstoss korpusa vilces pretestibas
un tas komponentu aprékina piemérs.

Augsnes slides pretestibas eksperimentalajiem petjjumiem izmantots LLU
Lauksaimniecibas tehnikas zinatniskaja institiita izveidotais tribometriskais stends.
Petfjumi veikti atbilsto$i agrak aprob&tajai metodikai [1]. Petfjumos iegtitajiem
rezultatiem lietojot Microsoft Exel for Window 7.0 programmu aprékinati variacijas
amplitiida, dispersija, standartnovirze un variacijas koeficients.

Lauka eksperimentalie p&tijumi veikti ar ieteikta izveidojuma korpusiem
nokomplektetajiem arkliem to energétiskajam, agrotehniskajam un dal&ji ari
ekonomiskajam un ekologiskajam novért§jumam. Darbi veikti péc masinu
izmégindgjumu stacijas visparpienemtam arklu izm&ginajumu programmam un
novertéjuma metodem [1], tas papildinot ar programmam un metodikam atsevisku
korpusa parametru, pieméram, korpusa tveriena ietekmes specifiskam
noveértéjumam, kuru plasaks izklasts dots attiecigajas nodalas. Konkrétajos
testeSanas apstaklos veiktajiem arklu korpusu konstruktivo izveidojumu un to
darbigo dalu nostadijuma salidzino$am energétiskajam novertg&jumam, aprékinati
to statiskas pretestibas un dinamiskas pretestibas koeficienti.

DARBA ZINATNISKAIS NOZIMIGUMS

legiitas analitiskas sakaribas arkla korpusa vilces pretestibas un optimalo
parametru  noteikSanai sasaistt ar augsnes fizikali mehaniskajam un
tehnologiskajam ipasibam. Izstradats algoritms arklu korpusu vilces pretestibas
aprékinasanai, to konstruktiva izveidojuma, darba rezima un agregatéSanas veida
pamatoSanai.

Izveidots tribometriskais stends, kas paredzets dazadu materialu, tai skaita
arl augsnes slides pretestibas mériSanai un mérfjumu rezultatu automatiskai
registréSanai.

Veiktie pétijumi pamato atzinu, ka augsnes apstrades Ipatngjo pretestibu un Iidz
ar to ari energoietilpibu galvenokart nosaka vilces pretestibas komponensu lielums
un izmainas raksturs sloksnes atdaliSanai (atgrieSanai), augsnes svara, inerces



speéku un lipiguma izraisitas pretestibas parvaréSanai atkariba no darbigo dalu
formas un parametriem, darba atruma, reZima un apstakliem.
Pétfjumu rezultata ir iegiitas sekojosas novitates:

Pamatoti arklu korpusu konstruktivie risinajumi un parametri. Pieradits, ka
arklu korpusi ar Iézenu skriivveida veérsgjvirsmu salidzinajuma ar kultirveida
verstuvi nodrosina saistigu augSpu un zalaju velénas kvalitativu uzarSanu ar
mazaku energijas paterinu, ipasi stradajot palielinata atruma. Minimalas vilces
pretestibas panakSanai lemeSa slipumam pret horizontalo plakni (vagas dibenu)
jabiit 24..30 gradu. Optimalais horizontalas veidules slipums pret vertikalo
garenplakni (vagas sienu) versgjvirsmas sakumdala (apaksdala), palielinot arSanas
atrumu no 1,5 Iidz 3 m s'l, samazinas no 50...60 lidz 30...32 gradiem, bet, lai
nodrosinatu pietiekamu aramsloksnes apvérSanu un augu atlieku pilnigu iestradi,
veidules slipumam verstuves augs§dala japalielinas I1idz 45...48 gradiem.

Arkliem ar optimaliem korpusu versgjvirsmas parametriem vilces pretestiba
ir par 18..22 % mazaka. Korpusu tvériena palielinaana no 30 cm uz
50 cm samazina arSanas energoietilpibu par 14...25 % (degvielas Ipatpatérinu par
3...5 kg ha™), ce] darba razigumu par 12...16% un samazina izmaksas par 14...20%.

DARBA TAUTSAIMNIECISKA NOZIMIBA

Pétijumu materiali izmantoti arklu un to korpusu pilnveidei Baltijas
apstakliem. Atbilstosi tiem arklu korpusus un arklus izgatavoja SIA ,,AGS” C&sTs,
un SIA ,,Grauds PI” Ulbroka.

Pamatoti galvenie virzieni tehnologisko operaciju apvienoSanai augsnes
apstradé un izstradati arkla darbigo dalu konstruktivie risinajumi. Tas nodrosina
tehnologisko operaciju kvalitativu izpildi ar minimalu energijas patérinu, augstu
darba razigumu un ekonomisko efektivitati.

Balstoties uz pétjjumu materialiem, pamatota Latvijas, ka arT Baltijas un
tam Iidzigiem apstakliem efektivaku un energiju mazak ter&josu arklu izmantosana
augsnes apstradé, nodroSinot augstu tehnologisko procesu izpildes kvalitati un
rezultata — degvielas ekonomiju 14...30%, darba raziguma kapinajumu 15...30% un
lidzeklu izlietojuma samazinajumu Iidz 20%.

ZINATNISKA DARBA APROBACIJA

Par rezultatiem zinots doktorantu zinatniskajas un zinatniski p&tnieciskajas
konferencés LLU, Starptautiskajas konferences Vacija, Zviedrija, Danija, Polija,
Lietuva, Igaunija, Krievija, Ukraina un Baltkrievija, seminaros ko organiz&jusi
lauksaimniecibas tehnikas tirdzniecibas uzpémumi un lauksaimniecibas
konsultacijas centri.

1. International scientific conference Save and economical agricultural
technologies. Technical, economical and ecological estimation of up—to—date
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International scientific conference Save and economical agricultural
technologies. Impact of Soil Moisture and its Composition on the Energy
Consumption and Quality of tillage. Priekuli, July 25-26, 2002.

X International scientific and technical conference Technical progress in
agricultural production. BnnuB napaMmeTpiB KopIyca IUIyra Ha SIKICTb
00pabiTky rpyHTy Ta BuTpaty eHeprii. Glevaha, August 19-22, 2002.

X International scientific and technical conference Technical progress in
agricultural production. TexHiuHa, €KOHOMIYHA Ta EKOJIOTiYHA OIliHKA
cy4acHbIX KoMOiHOBanx MammH . Glevaha, August 19-22, 2002.

EurAgEng International Conference Progressive Eco—friendly Technological
Processes in Agricultural Engineering. Technical, economical and ecological
estimation of up-to—date combined soil tillage, fertilizing and sowing
machines. Raudondvaris, September 19-20, 2002.

International Scientific Conference Motor Vehicle, Logistics, Alternative
Fuels. Estimation of up—to—date combined soil tillage, fertilising and sowing
machines. Jelgava, April 24-25, 2003.

International Scientific Conference Motor Vehicle, Logistics, Alternative
Fuels. Soil tillage minimisation. Jelgava, April 24-25, 2003.

International Scientific Conference Motor Vehicle, Logistics, Alternative
Fuels./ Impact of soil moisture and composition on its properties and energy
consumption of tillage. Jelgava, April 24-25, 2003.

Starptautiska  zinatniska konference Zinatne lauku attistibai 2003.
Mathematical modelling of the operation of plough bodies mould—boards to
determine their draft resistance and optimal parameters. Jelgava,
21.-24.maijs, 2003.

1V International Research and Technical Conference on Motorization and
Energetics in Agriculture Motorol’03. Matematical modelling of the
operation of plough bodies to determine their draft resistance and optimal
parameters. Lublin—Kyiv, May 21-23, 2003.

1V International Research and Technical Conference on Motorization and
Energetics in Agriculture Motorol'03. Impact of physical and mechanical
properties of soil on the draft resistance of ploughs. Lublin—Kyiv,
May 21-23, 2003.

1V International Research and Technical Conference on Motorization and
Energetics in Agriculture Motorol 03. Technical, economical and ecological
estimation of up-to—date combined soil tillage, fertilising and sowing
machines. Lublin—Kyiv, May 21-23, 2003.

1V International Research and Technical Conference on Motorization and
Energetics in Agriculture Motorol 03. Minimisation of soil tillage. Lublin—
Kyiv, May 21-23, 2003.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

1V International Research and Technical Conference on Motorization and
Energetics in Agriculture Motorol 03. Optimisation parameters of soil tillage
aggregates. Lublin—Kyiv, May 21-23, 2003.

4™ European Conference on Precion Agriculture (ECPA). Modelling of the
impact of variable soil moisture and its composition on the soil properties,
energy consumption and quality of tillage. Berlin, June, 1518, 2003.

IV Starptautiska zinatniski praktiska konference. Vide. Tehnologija. Resursi.
Energetical, economical and ecological aspects of soil tillage minimisation.
Rézekne, 26.— 28 jiin., 2003.

IV Starptautiska zinatniski praktiska konference.Vide. Tehnologija. Resursi.
Technical, economical and ecological estimation of up—to—date combined soil
tillage, fertilising and sowing machines. Rézekne, 26.-28. jun., 2003.
International Soil Tillage Research Organisation 16th Triennial Conference.
Modelling of the impact of variable soil moisture and its composition on the
soil properties, energy consumption and quality of tillage. Australia :
University of Queensland Brisbane, July 14-18, 2003.

3" Research and Development Conference of Central and Eastern European
Institutes of Agricultural Engineering. Use of soil tillage equipment under
extreme climate deviation from the norm in Latvia. G6dollo, Hungary,
September 11-13, 2003.

International Conference of Science. Efficiency of the parameter optimisation
of soil tillage aggregates. Kaunas (Lithunia), September 17-19, 2003.

4—5 MexayHapoaHas HayYHO—TEXHUYIECKAs KOH(pepeHIHs
Dnepeoobecneuusanue UM dHepeocOepedceHUe 8 CenbCKOM XO03Alcmee.
DHeprocOeperaronipe TEXHOJIOTMH W MAIIUHBl UIsI 00paOOTKHA TIOYBEHI.
Mockaa, 12—13 wmaii, 2004.

International Scientific Conference. Research for Rural Development. Forces
acting on the plough body. Jelgava, May 19-22 May, 2004.

MexnyHaponHass — Hay4HO—TpakTHieckass KoHdepeHuuss CogpemerHvie
npobremvl 3emaedenvueckou mexanuku. TeXHUYECKHE U TEXHOJOIMYECKHUE
peLIeHus] 10 CHIDKEHUIO JHEProeMKOCTH 00pabOTKM MouBbl. BuHHHIA,
17-20 oxTs16pb, 2004.

MexnayHapoqHash —Hay4YHO-TIpakTHueckas KoHgepeHuus Cogpemennvle
npobnemvl  3emnedenvueckoli  mexanuxu. TeXHHUKO—OKOHOMHYECKas |
9KOJIOTHYECcKas OIEHKa COBPEMEHHBIX KOMOMHHPOBAHHBIX arperaToB M
COBMeIIeHUs1 00pabOTKU MOYBEI, BHECEHHE yIOoOpeHni U moceBa. BunHunma,
17-20 oxTs16ps, 2004.

MexnyHaponHas Hay4HO-TIpakTHyeckas KoHpepenuus Cogpemennvle
npobnemvl 3emiedenvueckoi mexanuxu. Forces acting on the plough body.
Bunnuiia, 17-20 okts6ps, 2004,

Starptautiska zinatniska konference Inzenierproblémas lauksaimnieciba. Soil
tillage technologies and machines under extreme conditions. Jelgava,
2.-3. jun., 2005.
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37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Simulation in Wider Europe. 19" European Conference on modelling and
Simulation ECMS 2005. Modelling forces acting on the plough body. Riga,
June 14, 2005.

DKonocusi U CcenrbCKOXO3SUCMEEHHAsT MeXHUKA. 4—s Hay4YHO—TIpaKTHYecKast
koH(pepeHnms. Mwunumunzanus o6pabotku nouBbl. Cankr—IletepOypr,
25-26 maii, 2005.

DKonocusi U cenbCKOXO3SUCMEEHHAsT MeXHUKA. 4—s HayYHO—TIpaKTHYecKast
koHpepennums. Efficiency of the parameter optimization of soil tillage
aggregates. Cankr—IlerepOypr, 25-26 maii, 2005.

DKonoeus U cenbCKOXO3ANUCMEEHHAs MeXHUKA. 4—s HayYHO—TIPaKTHYCCKas
koHpepenmms. Forces acting on the plough body. Cankr—IlerepOypr,
25-26 mai, 2005.

5™ International Scientific Conference. Engineering for Rular Development.
Impact of the Plough Body Parameters on the Soil Tillage Efficiency.
Jelgava, May 18- 19, 2006.

12th International Scientific Conference. Research for Rular Development.
Impact of the Share Angle on the Plough Body Resistance. Jelgava,
May 17-20, 2006.

NJF seminar 378. Tillage Systems for the Benefit of Agriculture and the
Environment. Impact of the Plough Body Parameters on the Ploughing
Efficiency.

NIF seminar 378. Tillage Systems for the Benefit of Agriculture and the
Environment. Minimal Soil Tillage. Nordic Agricultural Academy, Odense,
Denmark, May 29-31, 2006.

NJF seminar 378. Tillage Systems for the Benefit of Agriculture and the
Environment. Variation in Soil Tillage Technologies and Machines under
Extreme Conditions of Latvia. Nordic Agricultural Academy, Odense,
Denmark, May 29-31, 2006.

NJF seminar 378. Tillage Systems for the Benefit of Agriculture and the
Environment. Impact of the Working width of the Plough Body on the
Ploughing Efficiency.

NJF seminar 378. Tillage Systems for the Benefit of Agriculture and the
Environment. Simulation of the Forces Acting on the Plough Body. Nordic
Agricultural Academy, Odense, Denmark, May 29-31, 2006.

NJF seminar 378. Tillage Systems for the Benefit of Agriculture and the
Environment. Efficiency of the Combined Soil Tillage Machines and Units.
Nordic Agricultural Academy, Odense, Denmark, May 29-31, 2006.

NIJF seminar 378. Tillage Systems for the Benefit of Agriculture and the
Environment. Efficiency of the Parameter Optimisation of Soil Tillage Units.
Nordic Agricultural Academy, Odense, Denmark, May 29-31, 2006.

13th International Scientific Conference. Research for Rular Development.
Impact of speed on the soil sliding resistance. Jelgava, May 16 —18, 2007.
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ARKLU KORPUSU TEORETISKIE PETIJUMI

Saja nodala ir dots apskats par veiktajiem teorétiskajiem pétijumiem par uz
arkla korpusu darbojoSos speku un vilces pretestibas modeléSanu atkariba no
horizontalas veidules slipuma, sakuma c€lajlenka liecluma un korpusa tvériena, ka
arl par berzes pretestibas ietekmi uz kop€jo korpusa vilces pretestibu, analizeti
rezultati, kuri iegiti veicot aprékinus ar datora algoritmu.

Sim nolikam tika izstradata elektroniskd tabula, ar kuru var veikt
kompleksus aprekinus, kas nepiecieSami, lai noteiktu kopgjo vilces pretestibu.
Arkla korpusu geometriskie parametri un spéka komponentes ir paraditi 1. attéla.

Uz arkla korpusu darbojoSies speki

Izmantojot analitiskas likumsakaribas [4—10], izstradats datora algoritms, ar
kura palidzibu var modelét arkla korpusa darbibu un uz ta darbigajam dalam
darbojo3os spekus, ka ar vilces pretestibu. STs likumsakaribas lauj noteikt uz arkla
korpusa darbojoSos spékus un vilces pretestibu atkariba no arkla korpusa
parametriem, ka arT novertét augsnes fizikali mehanisko Tpasibu ietekmi uz to.

Uz arkla korpusu darbojoSies spéki, to izraisitas reakcijas shematiski
paraditi 1. attela.

1.att. Arkla korpusa shéma un uz korpusu darbojosies speki
Fig.1. Scheme of the plough body, its parameters and acting forces

Darba gaita uz arkla korpusu galvenokart iedarbojas sekojosi speki:

e pretestiba P (penetration) lemesSa iedzi]inaSanai augsné
(pretestiba aramsloksnes atdaliSanai no augsnes masiva);

e uz korpusu (uz lemesa un verstuves) balstosas augsnes sloksnes svars G;

e pacelamas augsnes sloksnes izraisitie inerces speki J;

e adh@zijas speks 4 (augsnes pielipsanas speks korpusa darbigajam dalam:
lemesim, v&rstuvei un sliedei);

e berzes speks F;

e Kkorpusa passvars Q (kopa ar attiecigu arkla svara dalu).
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So speku izraisitas reakcijas nosaka korpusa vilces pretestibu, respekfivi
arkla korpusa vilces pretestiba R, summgjas no augsnes sloksnes atgrieSanas
pretestibas Rp,, augsnes sloksnes svara izraisitas pretestibas Rg,, inerces speku R,
augsnes lipiguma R, un pasa arkla korpusa svara Ry, (ieklaujot dalu arkla svara)
izraisitas pretestibas [4].

R.=YR_ =R_ +R_. +R_+R +R_ ; (D

Darbigo dalu vertikalo reakciju R un sanu reakciju R, nosaka So pretestibu
attiecigo komponensu summa:

R. =R : - 2;3
z=XR R, =% Riy . (2;3)
Korpusa kopgja vilces pretestiba R, sastav no vérsgjvirsmas R’y pretestibas

//
un atbalsta virsmu (apaks€jas un sanu) pretestibas R ,:

Ry = Ry + R :ZRl{x+f0(zRiz+zRiy+pry Sxy * P ez Sxz) @

kur: fo — augsnes berzes koeficients uz arkla korpusa c€lajvirsmas un

atbalsta virsmam / the coefficient of soil friction along the
working and supporting surfaces;
p,, — augsnes pielipSanas ipatngjais speks uz sanu atbalsta virsmu /

specific adhesion force to the lateral supporting;
p,. —augsnes pielipsanas Ipatngjais speks uz apaksgjo atbalsta virsmu /

specific adhesion force to the lower supporting;
Sx)_ — sanu atbalsta virsmas laukums / the surface area of the lateral

supporting surfaces;
S - apaksgjas atbalsta virsmas laukums / the surface area of the lower

supporting surfaces.

Pretestiba, kas veidojas no berzes F, ir viena no biitiskakajam [8] un péc
analogijas to varétu aprakstit sekojosi:

Fy = L F; = Fp + FG + Fj +Fy + Fo = Ry =Ry, (5)
Fy = JoRz + Ry + D gy Sxy + P gz Sxz) = R (6)
Fy = Fi + F{. (7
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Berzes pretestibu var definét ka starpibu starp kopgjo pretestibu R,
(parcialo pretestibu kopg&ja vértiba) un pretestibu R,, gadijumam, kad nav berzes
(fo=0).

F

F.. =R, —R =R, R (8:9)

x x ixo’ X Xo>

Berzes pretestibas Ar proporciju parcialaja un kopgja pretestiba nosaka péc
$adas sakaribas:
)“FiX:FixRix-Ia j'F‘C:F‘)(RxJ' (109 11)

Dalgjo un kopgjas atbalsta virsmas reakcijas izraisitas vilces pretestibas
proporciju /¢ vilces pretestiba nosaka ar sakaribu:
/lRi = Ri R,‘x-l. (12)

Augsnes atgrie§anas pretestiba R, ir proporcionala augsnes cietibai p, un
lemesa asmens virsmas laukumam w:

/
Rpx=kpp0a)=kpp() lb, (13)
kur: k, — lemeSa asmens formas ietekmes koeficients/ the coefficient
involving the impact of the shape of the frontal surface of the
ploughshare edge;
i —lemesa griezosas Skautnes biezums / the thickness of the edge;
b —lemesa griezosas Skautnes tveriens/ the width of the edge.

No formulas (10) redzams, ka augsnes berze gar lemesa $kautni neietekmé
ta asmens pretestibu.
Asam lemesim (bez aizmugures fazites):

Rp.=0. (14)

Nodilusa (neasa) lemeSa, kuram ir aizmugures dalas fazite, vertikala
reakcija Rp, smagas augsnés var sasniegt vertikalas reakcijas summaro vertibu,
turklat §T summara vertiba veidojas no spekiem, kas darbojas uz arkla korpusa
versgjvirsmu (augsnes gravitacijas un inerces speékiem) un korpusa svara Q.

LemeSa asmens sanu reakcija Rp,, tas lielumu ietekmé berzes izraisita
reakcija:

Rpy=kypoibctg (y + ¢,), 15)

kur: y  — lemesa slipuma lenkis pret kustibas virzienu (vagas sieninas) / the
inclination angle of the edge towards the direction of movement
(the wall of the furrow);

P, —berzes lenkis / the angle of friction.

Ja, berzes nav, tad fo =0, 9,= 0 un

Rpyo =k, py ib ctg y. (16)
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Augsnes berze gar lemeSa asmeni samazina leme$a sanu spiedienu, tas ir
arkla korpusa spiedienu uz vagas sieninu.
Atbalsta virsmas pretestiba augsnes atgrieSanai ar lemeSa asmeni:

/ Vi

Rpx:kppoibfoctg(y-i-go()):F Py (17)
Kopgja aramsloksnes atgrieSanas pretestiba:

Rpe=kypoib [1+f ctg (y + ¢ ,)]. (18)

Aramsloksnes sanu atgrieSanas pretestibu nosaka péc 1idzigam formulam.

Augsnes sloksnes svara izraisitas reakcijas un vilces pretestiba:

' "
Ry zq&gkyrsm y*

1 f0 sin ]/(82—81) )

* { [(sin y cos &+ cos2 ysin_ y)e
. 2 (19)
-(sin y cos €5 +cos” ysin ~ y)]cos &) +
sin y(&,—&;) _
+ (cos glefo I L cos &5 )(cos &) — [ sin &) sin y) L
*sin £ [ sin £ sin y + fO (sin 2 ycos &) + cos2 7)] };
. -1
RGz ~qdgrsin y (&5 —&)); (20)
R zq&grsin_ly(g —& e, +0.52)ctgy; (21)
Gy 2 125
" " 22)
RGx 'fO R Gz - RGy ) FGx ’
Augsnes inerces speku izraisita pretestiba:
Ry =q évzk;l sin 7{ (sin y cosg; +c0s2 ;/sin_1 y)*
fasiny(g—&,) _
g0 172 —(sin;/cosg2 +c052;/sin 1;/)+ (23)
_1 fosiny(e,—&)
+(cosg1 —fo sin & sin y) le 0 27
. . . .2 2 .
sing| [sin & sin y +f0 (sin™ y cosgp +cos™ y) },
_ Josiny (e,—&))
RJZ:qé'vzkylsinysin & e 0 21 ; (24)
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RJyzq6v2k;]sinycosy(lfcosa‘2); (25)
R.}z = fO(RJz + RJy ) = F}x (26)

Augsnes lipiguma izraisita pretestiba:

fo sin 7(52“91)

Ry =p brsin y(e e
*{ siny cose) +cos 2;/sin_1 7 +(cose — fy singy sin;/)_1 * @7
*singl [sing1 sin;/+f0(sin2 7 cosép +cos 27)] };
RAZ =0 5 (28)
R //Ax :f() (pry Sxy + prz sz) = F//Ax s (30)
kur: ¢ - pacelamas augsnes sloksnes $k&rsgriezuma laukums / the cross section
area of the strip to be lifted;
0  —augsnes blivums / the density of soil;

ky — augsnes noséSanas koeficients / the soil compaction coefficient in front
of the operating part;

f, - arkla korpusa c€lajvirsmas un atbalsta virsmas berzes koeficients / the
soil friction coefficient against the surface of the operating element;

v —arkla kustibas atrums /the speed of the movement of the plough body;

p, — augsnes Tpatngjais pielipSanas speks pie arkla korpusa / the specific

force of soil adhesion to the operating surface;

£, &— celajvirsmas sakuma un beigu lenkis / correspondingly the initial and
the final angles of the lifting (share- mouldboard) surface;

g  — brivas kriSanas paatrinajums / acceleration caused by gravity.

Augsnes berzes koeficients un Ipatn&jais pielipsanas speks nav konstanti
lielumi. To vértibas samazinas Iidz ar atruma pieaugumu [11]. Tas ir nemts vera
aprekinos.

Arkla korpusa atbalsta virsmu pretestiba ir atkariga no to reakciju lieluma.
To vertiba ir atkariga daudz€jada zina no vairakiem nosacijjumiem: uzkarinamo
iekartu izveidojuma un darbibas pilniguma, darba rezima u.c. sakaribam.

Pastav risingjumi vertikalas un ari sanu reakcijas samazinaSanai. Tada karta
arkla korpusa vilces pretestibas domin€josa sastavdala ir versgjvirsmas pretestiba,
kuras izpétei galvenokart ir veltits Sis darbs.

Talak izmantojot sakaribas (formulas 1-30) pieméra veida aplikoti
pétijuma rezultati, kas iegiti, modelgjot uz arkla korpusa darbojosos spekus un
vilces pretestibu, atkariba no korpusa parametriem, darba reZima un smilSmala
augsnu fizikali mehaniskajam 1pasibam (1.tabula) [9].
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Sakotngjie dati matematiskas modeleésanas veikSanai
The following values of the basic factors were taken into consideration

1.tabula/Table 1

Arkla korpusa parametri/Parametrs of the plough body: Merv. Vs‘;::s/
Arkla korpusa lemes$a un naza asmens biezums/ m i = 0.004
Thickness of the share blade and knife )
Augsnes sloksnes pacelSanas sakotngjais slipuma lenkis/ adi ~ 30
The initial angle of the lifting strip of soil & &l
Augsnes sloksnes pacelSanas beigu slipuma lenkis/ . _
The final angle of the lifting strip of soil gradi &2 =100
Lenkis starp darba virsmas horizontalo veiduli un vertikali

garenisko plakni / The angle between the horizontal generatrix gradi y=15...90
of the operating surface and the vertical longitudinal plane

Celajvirsmas liekuma radiuss/ m —05
The radius of the curvature of the lifting surface e
Apaksgjas atbalsta virsmas laukums/ 2 _

The area of the lower supporting surface m Sw=0.0157
Sanu atbalsta virsmas laukums / 5 _

The area of the lateral supporting surface m 5= 0.068
Arkla korpusa masa (kopa ar uz to attiecinamo arkla masu)/ K 0 =200
The weight of the plough body &

Augsnes fizikali mehaniskas Ipasibas/

Physical and mechanical properties of soil:

Augsnes cietiba / The hardness of soil MPa p=41
Augsnes blivums / The density of soil kg m” 0 =1600
Nominalais augsnes berzes koeficients pret arkla korpusa darba

virsmam / The coefficient of soil friction against the surface of fo=04
the operating element

Augsnes pielipSanas speks pie arkla korpusa virsmam/ _
The adhesion force kPa Pao =23
Darba apstakli un reZimi / The mode and status of work:

Korpusa tveriens / The ploughing width m b=0.30-0.50
Lemesa darba tvériens / The share width m b;=0.35
ArSanas dzilums / The ploughing depth m a=0.20
Aramsloksnes Skersgriezuma laukums/ 5 _

The cross section area of the lifted soil strip m q=0.06-0.10
Augsnes nosésanas koeficients / The soil compaction coefficient k=11
Darba atrums / The working speed ms’" v=Il..5
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Arkla korpusa vilces pretestiba
atkariba no horizontalas veidules slipuma

Izmantojot izstradato datora algoritmu [12], tika modeléta arkla korpusa
vilces pretestiba un tas komponensu lielums atkariba no horizontalas veidules
slipuma korpusam ar tvérienu 35 cm. legiitie rezultati paraditi sekojosos grafikos:
augsnes svara, inerces spéku un lipiguma izraisita c€lajvirsmas pretestiba paradita
2. — 4. att€los, bet korpusa c€lajvirsmas, atbalsta virsmu un korpusa kopgja vilces
pretestibas aprékina rezultati paraditi att€los 5-7.
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2.att. Pacelamas augsnes sloksnes gravitacijas izraistta celajvirsmas vilces pretestiba
atkariba no atruma v un horizontalas veidules slipuma lenka y
Fig. 2. Draft resistance of the lifting surface caused by the gravity of the soil slice
depending on speed v and the inclination angle y of the horizontal generatrix.
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3.att. Pacelamas augsnes sloksnes inerces spéku izraisita célajvirsmas vilces
pretestiba atkariba no atruma v un horizontalas veidules slipuma lenka y
Fig. 3. Draft resistance of the lifting surface caused by the soil inertia forces of the soil
slice depending on speed v and the inclination angle y of the horizontal generatrix

Augsnes inerces speku izraisita pretestiba, atrumam pieaugot, palielinas
(3.att) un pie atruma virs 3...4 m s' sak domindt par visam pargjam
komponentém. Faktiskais arkla korpusa vers€jvirsmas horizontalas veidules
slipuma lenkis y ir robezas no 26 lidz 50°. Stavakas virsmas (y > 50°) attiecas uz
buldozera lapstam.
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4.att. Pacelamas augsnes sloksnes pielipSanas spéku izraisita celajvirsmas vilces
pretestiba atkariba no atruma v un horizontalas veidules slipuma lenka y
Fig. 4. Draft resistance of the lifting surface caused by soil adhesion depending on
speed v and the inclination angle y of the horizontal generatrix

No pétfjumu materialiem [10] izriet, ka augsnes svara un pielipSanas speku
izraisito pretestibu vértibas samazinas Iidz ar darba atruma pieaugumu (2 un 4.att.).
Tas izskaidrojams ar berzes koeficenta un ipatngja augsnes pielipSanas spcka
samazinasanos, palielinoties augsnes slides atrumam pa korpusa darbigajam dalam.
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5.att. Augsnes gravitacijas, inerces un pielipSanas spéku izraisita kopéja
celajvirsmas vilces pretestiba atkariba no atruma v un horizontalas veidules
slipuma lenka y
Fig. 5. Total draft resistance of the share-mouldboard surface caused by soil gravity,
inertia forces, adhesion and share cutting resistance depending on speed v and the
inclination angle y of the horizontal generatrix

Modelesana iegttie dati [8] parada uz arkla korpusu darbojoSos speku
lielumu, sakaribas starp tiem, to izmainas, to sastavdalu izraistto un kopgjo korpusa
vilces pretestibu atkariba no darba atruma v un horizontalas veidules slipuma lenka
y liecluma. Sakuma, atrumam pieaugot, (2...2.5 m s™) kopgja célajvirsmas vilces
pretestiba palielinds nenozimigi, tad pieaug straujak (S.att.). Stavakam
celajvirsmam (pie lielakas y vertibas) Sis pieaugums ir daudz ieveérojamaks un
intensivaks.

Mitras smilSmala augsnés var bit situacija (ipaSi korpusiem ar 1&zenu
célajvirsmu — vérstuvi), ka, paliclinoties atrumam (robezas 1...2 m s') vilces
pretestiba nepieaug, bet pat nedaudzi samazinas. Tada paradiba var notikt, ja
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augsnes berzes koeficienta un Tpatnga lipiguma izraisitas pretestibas
samazinajums, palielinoties atrumam, ir lielaks, neka inerces spéku izraisitas
pretestibas piecaugums §ini atrumu diapazona.
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6.att. Atbalsta virsmu kopéja vilces pretestiba atkariba no atruma v un
horizontalas veidules slipuma lenka y
Fig. 6. Total draft resistance of the supporting surfaces depending on speed v and the
inclination angle y of the horizontal generatrix
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7.att. Arkla korpusa kopéja vilces pretestiba atkariba no atruma v un
horizontalas veidules slipuma lenka y
Fig. 7. Total draft resistance of the plough body depending on speed v and the

inclination angle y of the horizontal generatrix

Kad palielinas veidules slipums (lenkis y), pretestibas, kuras izraisa augsnes
svars un pielipsana kritas, bet pretestiba ko izraisa inerces speki palielinas, seviski
pie lielaka darba atruma. Pirma samazinajumu varétu izskaidrot ar faktu, ka
stavakai c€lajvirsmai tas garums samazinas un tapéc samazinas pa to vienlaicigi
slidodas augsnes masa. Sis célajvirsmas laukuma samazinajums noved ari pie
mazakas pretestibas, ko izraisa augsnes pielipsana. Ta rezultata kopgjai
celajvirsmas vilces pretestibai ir izteikts minimums, kas pie lielaka kustibas atruma
parvietojas uz mazakam horizontalas veidules slipuma veértibam. Tadgjadi,
pieaugot atrumam no 1 lidz 3 m s™', optimala c&lajvirsmas horizontalas veidules
slipuma lenka y vértiba samazinas no 50° lidz 25° (5. att.).

No dota pieméra ir redzams (6.att.), ka atbalsta virsmu vilces pretestiba ir
ievérojama. Ta var sasniegt 25...30% no kopgjas arkla korpusa vilces pretestibas
vai 42...54% no c€lajvirsmas vilces pretestibas.
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Lemesa nostatijuma lenka ietekme uz arkla korpusa pretestibu

Izmantojot formulas (19) — (30) dotas sakaribas, modeléta arkla korpusa
vilces pretestiba un tas komponensu lielums, atkariba no lemes$a nostatijuma lenka
pret horizontalo plakni (vagas dibenu) ¢;, kas arT ir augsnes sloksnes sakotngjais
pacelSanas lenkis. g; [12, 17]. Sekojosie grafiki (8., 9. att€li) rada uz arkla korpusu
darbojosos spéku lielumu un to izmainu atkariba no sakuma célajlenka lieluma un
kustibas atruma v pie c€lajvirsmas horizontalas veidules slipuma y = 40°.
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8.att. Kop€ja ceélajvirsmas vilces pretestiba, ko izraisa augsnes sloksnes augsnes
svars, inerces spéki, un adhézija atkariba no sakotnéja pacelSanas lenka &; un
atruma vy
Fig. 8. Total draft resistance of the lifting surface caused by soil gravity, inertia forces
and adhesion depending on the initial lifting angle & and speed v
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9.att. Arkla korpusa kopéja vilces pretestiba atkariba no sakotnéja pacel§anas
lenka &; un atruma v
Fig. 9. Total draft resistance of the plough body depending on the initial lifting angle &,
of the soil strip and speed v

No grafikiem (att. 8, 9) izriet, ka lemeSa slipuma lenka ¢; palielinasana
noved pie pretestibu palielinasanas, kuru izraisa augsnes sloksnes svars, inerces
speki un pielipSana, ka rezultata arkla korpusa celajvirsmas vilces pretestiba
palielinas par 6 lidz 13% (8.att.). Pretestibas pieaugums ir lielaks pie lielakiem
atrumiem.

Lemesa slipuma lenka palielinasana noved pie vertikalas reakcijas R, kuru
izraisa augsnes sloksnes svars, samazinaSanas. Tai ir mazaka ietekme arT uz
spekiem, kurus izraisa inerce un pielipSana, bet ta ved pie sanu reakciju, kuras
izraisa visi Sie speki, palielinasanas. Sakara ar visu to lemeSa slipuma lenka

. L. . . . . . .
izmainai ir neliela ietekme uz atbalsta virsmu vilces pretestibas R , izmainu.
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Arkla korpusa kopgjas vilces pretestibas izmainas ir atkarigas no darba
rezima. Ja arkls strada peldosaja rezima, tad lemesa slipuma lenka palielinasanas
palielina arkla korpusa vilces pretestibu R, no 2 lidz 10% (9.att.), bet ja arkls strada
ar spéka reguléSanas ierici, tad izmainas kopé&ja vilces pretestiba var sekot
cClajvirsmas vilces pretestibas izmainam (pie kop&jas pretestibas zemakajam
vertibam peldosaja rezima).

Iegtitic materiali rada, ka palielinot sakotngjo sloksnes pacelSanas lenki ¢,
vilces pretestiba palielinas. Ekonomiskai arSanai sakotn€jam augsnes sloksnes
pacelSanas lepkim (lemesa slipuma lenkim attieciba pret vagas dibenu) jabiit ar
minimalo vertibu — 24...30°, bet stabilakam darbam smilSmala augsn€s optimala
lemesa slipuma lenka vertiba varetu biit aptuveni 30° (28...32°).

Arkla korpusa tvériena ietekme uz ta vilces pretestibu

Izmantojot atvasinatas analitiskas likumsakaribas, ka arT teorétiskos
petijumus, izstradatais datora algoritms dod iesp&ju modelét arkla korpusa darbibu
un uz ta darbigajam dalam darbojosos spekus, ka ari vilces pretestibu [13, 15]. Sis
likumsakaribas lauj noteikt uz arkla korpusa darbojosos spekus un vilces pretestibu
atkariba no arkla korpusa parametriem, tai skaita ari no korpusa tveriena.

Arkla korpusa T1patngja vilces pretestiba, attiecinata uz pacelamas
aramsloksnes $kérsgriezuma laukumu ¢:

Ky = qu_l =(Ry + R;'C)q‘1 =(Rp, + Ry + Ry +R 4, +RQx)q_1 =

(€2))
=k =k :kP+kG+k]+kA+kQ,

kur: & — célajvirsmas Ipatnéja vilces pretestiba /
specific draft resistance of the working (lifting) surface;
K’ — atbalsta virsmu ipatngja vilces pretestiba /
specific draft resistance of the supporting surfaces;
k, —Tpatngja vilces pretestiba, ko izraisTjusi lemesa pretestiba /
specific draft resistance caused by the share cutting resistance;
ks —Tpatngja vilces pretestiba, ko izraisijusi pacelamas armsloksnes masa /
specific draft resistance caused by the weight of the soil strip lifted;
k; — Tpatngja vilces pretestiba, ko izraisijusi pacelamas armsloksnes inerces
speki / specific draft resistance caused by the inertia forces;
k4 —Tpatngja vilces pretestiba ko izraisijusi augsnes adhézija /
specific draft resistance caused by the soil adhesion;
ko — Tpatngja vilces pretestiba ko izraisfjusi paSa arkla korpusa svars
(ieklaujot dalu no arkla svara) / specific draft resistance caused by the
weight of the plough body itself (including a part of the weight of
plough).
q = ab, (32)
kur: @ - arSanas dzilums (aramsloksnes biezums) / working depth;
b —darba tveriens (aramsloksnes platums) / working width.
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No veiktajiem pétijumiem [13] seko, ka:
— Tpatngja pretestiba, ko izraisijis paceltas augsnes sloksnes svars;

' " -1
kG = kG + kG & q§gkyrsm y*

~ L siny(e,—&;)
*{ [(sin y cos &+ cos2 ¥ sin 17/)ej0 =)

-(siny cos &y + cos2 ¥ sin_1 7)]cose; + (33)

fosin)/(nggl)

+(cosgpe —cos &, )(cos &) — fy sing) sin }/)_1 *

*sin g [ sing siny + fO (sin2 ycosel + cos2 ]/)] }+
+dgr sin1 y(ey — &)+ %r sin] ¥(e5 — 1) (&) +0.52)ctgy;

— Tpatngja pretestiba, ko izraisijusi augsnes inerce;
ky=k;+k;= 5v2k;1 sin y{ (sin y cosg; +cos? ;/sin_1 y)*

fysiny(e—¢y) .
x¢70 172 —(Sln}/COS€2+0052}/SIH 1;/)+

_ siny(&,—¢& 34
+(cosg 7f0 sin g sin y) 1ef0 7 2 1) (34

. . . .2 2
sin &) [sin & sin y + fO (sin™ y cos&; +cos™ y) }+

_ Josiny(e5—¢;) _
+5v2k 1sin ysin g€ 0 21 +§v2k 1sin;/cosy(l—coszg );
y 2 y 2
— Tpatngja pretestiba, ko izraisijis augsnes lipigums;
' " 4 f sin YV (8 —8)
kAzkA+kA=pAr51n ;/(e0 2 1—1)"‘

*{ siny cosg; +cos zysin_1 7 +(cosg) — fysing Sin?’)_l * (3%)

*sin 2 sing1 siny + fO (sin2 7 cosg| +cos 2}/)] }a_l +

-1
+ fO(prnyy + pAXZsz)(ab) 5
— Tpatngja pretestiba, ko izraisijis arkla korpusa svars;

-1
kQ = Ql (ab) 5 (36)
— Tpatngja pretestiba, ko izraisijusi augsnes sloksnes atgrieSana;
-1 . . -1
kp = Rpx(ab) = [ksp()s’sbsCtg(7 +90) +knpPo,indn ](ab). (37)

Ipatngja pretestiba, kuru izraisa augsnes nogrieSana ir proporcionala
augsnes cietibai un lemesa Skautnes asumam, ka ar naza virsmas laukumam [16].
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Pieméra veida aplikoti pétljuma rezultati, kas ieglti, izp&tot uz arkla
korpusa darbojoSos spekus un vilces pretestibu, pie dazadiem darba platumiem,
arot smil§mala augsné€s. Aprékini veikti ar datoru péc formulam 31-37.

Tika nemtas véra ieprieksjas nodalas doto galveno faktoru vértibas, kas
ietekmé€ c€laj—versgjvirsmas un arkla korpusa pretestibu.

Arkla korpusa Tpatngjas vilces pretestibas un tas komponensu modeleSanas
rezultati paraditi grafika (10 attels).

100000 1 V,ms
K,.Pa M !

85000 =2
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10.att. Kopéja arkla korpusa K, ipatnéja vilces pretestiba atkariba no tveriena
b pie dazadiem darba atrumiem v

Fig. 10. Total specific draft resistance of the plough body K, depending on the body
working width b by various speed v

Kopgja arSanas ipatngja vilces pretestiba atkariba no katra arkla korpusa
tveriena paradita 10. attéla.

Arkla korpusu vilces pretestibas att€élosana komponensu augsnes sloksnes
nogrie$anas pretestibas, augsnes svara izraisitas pretestibas, augsnes inerces un
pielipsanas speku pretestibas summas veida, lauj analizét spekus, kas darbojas uz
celajvirsmu, noskaidrot to parmainu raksturu atkariba no virsmas parametriem un
darba reZimiem ka ar1 novertét to proporcionalo lielumu kopgja Tpatngja pretestiba.

No pretestibas model€sana ieglitajiem materialiem secinams, ka palielinot
korpusa tverienu no 30 cm Iidz 50 cm arSanas 1patngja pretestiba samazinas par
11% (10.attels). Augsnes lipigums neietekmé korpusa atbalstvirsmu normalo
reakciju lielumu (formulas 31 un 37).

Augsnes fizikali mehanisko 1pasibu ietekme uz arklu korpusu
vilces pretestibu

No ieprieksgja petijjuma (formulas 1-30) secinams, ka arkla korpusa vilces
pretestiba ir atkariga no tadam augsnes Tpasibam ka tas cietiba, blivums, berzes
pretestiba un lipigums [21]. Tomér nebija zinamas analitiskas likumsakaribas,
kuras lautu noteikt verstuves virsmas un arkla korpusa kopuma vilces pretestibu
atkariba no tas Tpasibam. Augsnes sloksnes atgrie$anas pretestiba ir proporcionala
augsnes cietibai (formula 13), bet to savukart ietekme augsnes mehaniskais sastavs,
mitrums un blivums. Augsnes sloksnes svara un inerces spéku izraisita pretestiba ir
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proporciondla augsnes blivumam (formulas 19-26). Augsnes lipiguma izraisita
pretestiba ir proporcionala augsnes Tpatngjam lipigumam (adhézijas spekiem starp
augsni un darbigo dalu virsmam) (formulas 27-30), kura lielums savukart ir
atkarigs no augsnes sastava, mitruma, temperatiiras un slides atruma.

Ar1 augsnes berzes izraisita vilces pretestibas komponente ir atkariga no
augsnes sastava, mitruma un slides atruma. Ta bitiski ietekmé arkla korpusa
kopgjo vilces pretestibu. To var noteikt ka starpibu starp arkla korpusa (arT ta
sastavdalu — versgjvirsmas un atbalstvirsmu) kop&jo pretestibu R, un ta pretestibu
R,,, ja nebiitu berzes pretestibas (formulas 8 un 9).

No formulam (20) un (21) redzams, ka augsnes svara izraisito korpusa
atbalsta virsmu normalo reakciju lielums nav atkarigs no berzes koeficienta.

Ka piemers (attels 11) ir paradita arkla korpusa cglajvirsmas
(lemeSa—verstuves virsmas) vilces pretestiba atkariba no berzes koeficienta lieluma
pie dazada horizontalas veidules slipuma un slides atruma.
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11.att. Arkla korpusa celajvirsmas vilces pretestiba atkariba no berzes koeficienta
/o lieluma pie horizontalas veidules slipuma y=35, 45° un daZada slides atruma v
Fig.11. Impact of the soil friction coefficient f; upon the draft resistance of the plough
body share-mouldboard (lifting ) surface at inclination angles y=35°, 45" of the
horizontal generatrices and speeds v

Diagrammas berzes izraisitas vilces pretestibas lielums izteikts ka starpiba
starp kopgjo vilces pretestibu pie kadas noteiktas berzes koeficienta vértibas un
vilces pretestibu, kada ta varétu bit, ja nebiitu berze (f) = 0).

No pétijuma rezultatiem redzams (10. att€ls), ka berzes pretestiba sastada
ievérojamu célajvirsmas kopgjas pretestibas dalu. Dotaja pieméra pie berzes
koeficienta lieluma f; = 0.4 ta ir 1100-1200 N un sastada 55 — 60% no korpusa
kopgjas vilces pretestibas.

EKSPERIMENTALIE PETIJUMI

Laboratorijas un lauka eksperimentalie pétfjumi tika veikti: pirmie, lai
skaidrotu atruma ietekmi uz augsnes slides pretestibu, otrie — lai apstiprinatu
teoretisko petijumu rezultatus.
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Augsnes slides pretestibas pétijumi

Eksperimentalo pétijumu veiksanai tika izmantots LLU Lauksaimniecibas
tehnikas zinatniskaja institiita (LTZI) izveidotais tribometriskais stends (12. attels),
kas paredzeéts dazadu materialu, tai skaita arT augsnes slides pretestibas mériSanai
un merfjumu rezultatu automatiskai registréSanai, secigi nolasot pétama objekta
izvietotos sensorus [19].

Slides pretestibas mérijjumu dati tika registréti datu uzkrajéja atkariba no
izvéleta kustibas atruma ar 3 — 5 sekunzu intervalu. Slides pretestibu raksturojosie
raditaji: berzes koeficients un ipatngjais lipigums datora tiek aprékinati péc
formulam (38) — (44).

12.att. Tribometriskais stends un ta sastavdalu kopskats
Fig.12. Tribometric test bench and it’s assembly

Registracijas bloka aprékiniem ir ierakstitas sekojoSas formulas:

F
=—, (38)
G
P4
f=sol 1+ (39)
p
fo = funkeija (m, Wy, v,t"), (40)
p 4 = funkcija(p,m, Wo,v,to), 41
kur: £ —slides pretestibas koeficients / the resistance coefficient of soil sliding;
F —slides pretestiba / sliding resistance;
G - augsnes svars kopa ar slogotajspeku / the soil wight;
fo  —berzes koeficients / the friction coefficient;
m  —augsnes mehaniskais sastavs / mechanical composition of the soil;
W, —augsnes absoliitais mitrums / absolute humidity of the soil;
v —kustibas (slides) atrums / sliding speed;
p  —TIpatngjais spiediens pret slides virsmu /
the specific pressure of the layer (soil) upon the surface;
P temperatiira / temperature.
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074752 (5.
’, _JoPa (44)
o

kur: x=ply=f
n —mérjjumu skaits / the number of measurements;
pa — augsnes pielipsanas speks / the specific soil adhesion force.

legiitie rezultati tika automatiski apstradati un izdrukati skaitlu tabulu un
diagrammu veida.

Datu matematiska apstrade

leglitajiem  rezultatiem  tika  aprékinati  vidgjais  aritmétiskais,
standartnovirze, dispersija, variacijas koeficients, vidgja aritmétiska reprezentacijas
raditajs, standartnovirzes reprezentacijas raditajs, variacijas koeficienta
reprezentacijas raditajs.

Raditaji: vidgjais aritmétiskais, standartnovirze un dispersija aprékinati
lietojot Microsoft Exel for Window 7.0 programmu.

Augsnes slides pretestibas eksperimentalo pétijumu rezultati

Izmantojot aprékinu veikSanai formulas (38-44), tika iegiiti dati un
apstradajot tos ar specialu datorprogrammu tika aprékinata slides pretestiba, berzes
koeficients, Tpatngjais lipigums, ka arT iegtitas liknes, kas apraksta slides pretestibas
koeficienta izmainas atkariba no kustibas atruma (0.5 lidz 5 m s'), augsnes
mitruma un augsnes parauga ipatngja spiediena uz virsmu (0,06 lidz 0,2 N cm™)
[20]. Eksperimentalo mérjjumu rezultati paraditi diagrammas (sk. att€lus 13—16).

Mitru augsnu slides pretestibas koeficienta lielums ir atkarigs no patngja
spiediena starp slides virsmam. Piem&ram, humusa bagatai smilts augsnei pie maza
patngja spiediena (0.06 N cm™) un maza slides atruma slides pretestibas
koeficients sasniedz 1.8...2 (13.att.).

Mitras, humusa bagatas smilts augsnes slides pretestibas pétijuma
rezultatiem (13.att.) aprékinati: variacijas amplitida R=3.87, dispersija S° =1.66,
standartnovirze s=1.21, variacijas koeficients V=16%.
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13.att. Mitras, humusa bagatas smilts augsnes slides pretestiba atkariba no atruma pie
ipatnéja spiediena starp virsmam p = 0.06 N cm™
Fig. 13. Sliding resistance of wet sandy soil depending on speed and specific
pressure of soil upon the surface p = 0.06 N cm™
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14.att. Sausas, akmenainas malsmilts augsnes slides pretestiba atkariba no atruma pie
ipatngja spiediena starp virsmam p = 0.19 N cm™
Fig. 14. Sliding resistance of dry rocky sandy loam depending on speed, the specific
pressure of soil upon the surface p=0.19 N em’

Eksperimentalajos pétijumos konstatéts, ka mitru augsnu slides pretestiba
pa térauda virsmu, palielinot slides atrumu no 0.5 Iidz 5 m s™', samazinas. Atkariba
no augsnes mehaniska sastava un mitruma §is samazinajums ir dazads.

Mitrai, humusa bagatai smilts augsnei un malsmilts augsnei tas ir 30 — 32 %
(13.att.), smilSmala augsnei — 17 — 20 %, bet mala augsnei tas ir 4 — 6 %. Sakotngji,
paliclinoties atrumam (lidz apméram 2..2.5 m s), slides pretestibas
samazinasanas ir straujaka, velak ta paléninas.

Sausai, humusa bagatai smilts augsnei slides pretestibas koeficients
neatkarigi no atruma bija 0.94 (pie Tpatngja spiediena starp virsmam 0.063 N cm™,
malsmilts augsnei — 0.6, pie Ipatngja spiediena starp virsmam 0.19 N cm?,
(14.att.). Japiezime, ka sausaja sacietjuSaja augsné ieslégtie sikie akmentini
izraisija slides virsmas skrapéSanu, kas varga palielinat slides pretestibas
koeficientu. Sausas, akmenainas malsmilts augsnes slides pretestibas (14.att.)
eksperimentala pétjjuma rezultatiem aprekinati: variacijas amplitida R=5.8,
dispersija §° =2, standartnovirze s=1.41, variacijas koeficients V=16.53%, mitras
(W=15%) mala augsnes slides pretestibas.
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Sausu malsmilts augsnu slides pretestiba, palielinot slides atrumu, praktiski
nemainas vai tikai nedaudz (par 3 %) samazinas (14.att.).

2.tabula/Table 2

Slides pretestibas koeficienta aprékina rezultati
Data for the calculation of the coefficients of friction and specific adhesion

Slides pretestiba F, N
Sliding resistance F, N
Slogojums P, N
Sample weight P, N
Slides pretestibas koef., f]
Sliding resist. coef. f°

Ipatngjais spiediens, p/ 16 59 10 10 0.1 [0.13 0.14 [0.15 [0.16 0.17 |0.19 |0.21
Spec. pressure p, N cm

8.00 |8.20 (8.50 |8.70 |8.90 (9.20 |9.50 |9.80 [10.20 {10.60

7.00 |8.00 [9.00 {10.0 [11.0 [12.0 |13.0 |14.0 [15.0 |16.0

1.14 (1.03 [0.94 |0.87 (0.81 [0.77 |0.73 |0.70 [0.68 |0.66

¥=0.2286x-0.6550
R% =0.0081

0.6 : : :
0.08 0.12 016 P-Nem?gag

15.att. Mitras mala augsnes (W=15%) slides pretestiba pie dtruma v=2 m s™
atkariba no ipatnéja spiediena pret virsmu
Fig. 15. Sliding resistance of wet (W=15%) clay soil depending on the specific pressure
between the sliding surfaces at the speed v=2 m 5™

Ipatngjam spiedienam palielinoties, slides pretestibas koeficients samazinas,
sakuma strauji, tad samazinajums pakapeniski paléninas, asimptotiski tiecoties uz
noteiktu robezu (15.att). Sada slides pretestibas koeficienta izmaina atbilst
hiperboliskas regresijas raksturam. Tas dod iesp&ju, izmantojot mazako kvadratu
metodi, noteikt So augsnu berzes koeficienta un Ipatngja pielipSanas speka lielumu.

Mala augsnei pie slides atruma 2 m s’ tie attiecigi bija 0.288 un
026 N cm™ (tabulas 2. un 4.), bet humusa bagatai smilts augsnei attiecigi
— 0.321 un 0.158 N cm™. Tas rada, ka humusa bagatai smilts augsnei berzes
koeficients pret teraudu ir lielaks, bet pielipSanas speks mazaks neka mala augsnei.
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3.tabula/Table 3

Mitras (W=15%) mala augsnes berzes koeficienta un ipatnéja lipiguma apréekina
rezultati pie slides atruma v=2 m s
Calculation of the coefficient of a sliding resistance wet (W=15%) of clay soil at the

sliding speed v=2 m 5™

Mer. skaits 1/x f=y X Xy X
1 0.089 1.143 11.220 12.823 125.888
2 0.102 1.025 9.818 10.063 96.383
3 0.115 0.944 8.727 8.242 76.155
4 0.127 0.870 7.854 6.833 61.685
5 0.140 0.809 7.140 5.777 50.980
6 0.153 0.767 6.545 5.018 42.837
7 0.166 0.731 6.062 4415 36.500
8 0.178 0.700 5.610 3.927 31.472
9 0.191 0.680 5.236 3.560 27.416
10 0.206 0.663 4.909 3.252 24.096
n=10 - Yy=8.331 | ¥x=73.099 | Yxy=63.448 | Yx’=573.412
4.tabula/Table 4

Mitras (W=15%) mala augsnes berzes koeficienta
un ipatnéja lipiguma aprékins pie slides atruma v=2 m s
Calculation of the sliding coefficient, friction coefficient

and specific adhesion of wet (W=15%) clay soil at the sliding speed v=2 m s™

1. Augsnes berzes koeficients / Soil friction coefficient, f; 0.288
2. Jopa 0.076
3. Ipatngjais lipigums / Specific adhesion p,, N cm™ 0.261
4. Kontaktvirsmas laukums / Contact surface S, cm™ 78.540
5. Kustibas atrums / Working speed v (ms™) 2.000

Arklu korpusu vilces pretestibas, optimalo parametru un darba
reZimu eksperimentalie pétijumi

Péc LLU Lauksaimniecibas tehnikas zinatniska

institata

izstradatas

metodikas tika veikti p&tfjumi par arkla korpusa tveriena ietekmi uz ta vilces

pretestibu.

Petijumi ar dazadu arkla, respektivi, korpusu tverienu veikti rugaines
rudens arSana pie trim dazadiem arSanas dzilumiem (18...24 cm) un trim atrumiem

(5.3...9 km h™") [22]. Iegitie rezultati paraditi diagramma (17.att.).

Arkla testéSana konstatéts, ka pie korpusu tvériena 50 cm par 14-25%,
salidzinot ar 30 cm tverienu, samazinds arSanas energoietilpiba un degvielas
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patpaterins. Jo lielaks arSanas dzilums, jo lielaks efekts no korpusa tveriena
palielinasanas (sk. attelu 17.).
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17.att. Kverneland arkla AB — 85 pusskriives tipa korpusiem Nr. 8 dazadie
energétisko un ekonomisko vértibu raksturojumi zalaja arSana smilSmala augsné
atkariba no Korpusa tveriena b
Fig. 17. Variations of energetic and economic characteristics of the Kverneland AB-85
plough body with semihelicoidal bodies No 8 depending on the body b width in
ploughing grassland on a loamy soil
v — darba atrums (8.7 — 9 km h™"); b—korpusa darba tvériens; K, — Ipatnéja vilces pretestiba,
N em; Q) — ipatngjais degvielas patéring, kg ha™'; W, —darba razigums, ha h';
[ — arSanas izmaksas, Ls ha' (1 Ls = 1.85 USD).
—[]- arSanas dzilums 24cm; —o— arSanas dzilums 22c¢m; — —/\— — arSanas dzilums 19cm.
Working speed 8.7 — 9 km h'l; b — the body width, K, — the specific draft resistance, N cm’?;
0, — the specific fuel consumption, kg ha™'; W, — the direct labour productivity, ha h™';
I - ploughing costs Ls ha™ (1 Ls = 1.85 USD).

Ta, pieméram, smil§mala augsné $ada korpusu tveriena palielinasana pie
arSanas dzijuma 18—19 cm samazina degvielas Tpatpatéripu par 23 kg ha™, bet
pie dziluma 24 cm — par 4-5 kg ha™' [16]. Attiecigi par 12—16% palielinas darba
raZigums un samazinas ar$anas izmaksas par 1.80-3.50 Ls ha™.

Jo lielaks arSanas dzilums, jo lielaks efekts ir sagaidams, pateicoties
lielakam korpusa tvérienam. So paradibu izraisa lielaka augsnes cietiba un blivums
dzilakos augsnes slanos.

Tadel, izmantojot arklus, kuriem iesp&jama korpusu tveriena regulésana,
jastrada ar lielako tv@rienu, ja nepiecieSams (nepietickama traktora jauda),
samazinot korpusu skaitu.
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Salidzino$am energétiskajam raksturojumam noteikti arkla statiskas un
dinamiskas pretestibas koeficienti dazadam korpusa tvérienam (sk. 5.tabulu).

5.tabula/Table 5

Maintveriena arkla statiskas pretestibas un dinamiskas pretestibas koeficienti
(rugaines arSana)
Static and dynamic coefficients of specific resistance of the exchangeable working
width plough (stuble ploughing)

Vilces Ipatngjas pretestibas
£l e patngja Darba atrums | koeficienti / Coefficients
_ 9 g S | pretestiba/ /Working of specific resistance
n = — = 1
Mot | 25| S| Spelfednt | g
/Model | 5 5| o™ 2 Statiskas / | Dinamiskas
z @ 8 Ncm . .
2| S E Static, / Dynamic,
o = v = k'
HE IR R
60 19 5.5 6.4 1.5 2.6 5.05 0.20
60 24 6.0 7.4 1.5 2.5 5.48 0.22
AB-=85 | 80 | 20 5.1 6.0 1.5 | 25 4.57 0.23
2 korpusi /
2 body 80 24 5.8 6.5 1.5 2.5 5.41 0.18
100 18 5.0 5.7 1.5 2.5 4.61 0.18
100 23 5.2 5.9 1.5 2.4 4.75 0.20

No 5S.tabulas datiem redzams, ka pie liclaka korpusa tvériena statiskas
pretestibas koeficienti ir mazaki. Dinamiskas pretestibas koeficienti pie dazada
korpusa tv@riena ir apméram vienadi vidgji 0.20 un svarstas apméram 10% robezas
no 0.18 Iidz 0.22.

Eksperimentalie petijumi apstiprina teorétisko petijumu secinajumus.

Modernizeto arklu eksperimentalie petijumi

Promocijas darba autoram ka LLU Lauksaimniecibas tehnikas zinatniska
institita pétnickam sadarbiba ar augkopibas mehanizacijas specialistiem rasts
risinajums eso$o arklu darbigo dalu parbiivei, lai ne tikai uzlabotu to darba spgjas,
bet vienlaicigi arT pilnveidotu esos$o konstrukeiju [1].

Arkls PGP-3-35 ar "Kverneland" pusskriives tipa korpusiem (sk. att€lu 18.)
paredzets akmenainu augSnu arSanai [1dz 27 cm dzilumam.
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18.att. Arkls PGP-3-35 ar pusskriives tipa korpusiem

Fig.18. Plough PGP-3-35 with semi-helicoidal bodies
1 — korpusa balstenis, 2 — hidrocilindrs, 3 — ramis, 4 — hidropneimoakumulators, 5 — uzkare,
6 — atbalsta ritenis, 7 — ripas nazis, 8 — kalts, 9 — lemesis, 10 — stiirgriezis, 11 — vérstuve,
12 — statne. 1 — the strut of the body, 2 — the hydrocylinder, 3 — the frame,
4 — the hydropneumoaccumulator, 5 — the mounting implement, 6 — the supporting wheel,
7 — the ring knife, 8 — the chisel, 9 — the ploughshare, 10 — the trashboard,
11 — the mouldboard, 12 — the strut.

Arkla vilces pretestiba, arot daudzgadigos zalajus ar atrumu no
1.43 lidz 1.81 m s™ bija no 15.9 Iidz 17.2 kN, bet arot rugaini ar atrumu no 1.82 lidz
2.16 ms’, ta bijano 15.9 lidz 16.6 kN.

Darba ar arklu PGP—3-35 (arklam "Kverneland" korpusi) traktora MTZ-82
motora ekspluatacijas jaudas izmantoSanas koeficients bija 57 — 91%, degvielas
patérin, arot daudzgadigos zalajus, bija 15.9-17.3 kg ha', bet arot rugaini
—14.3-14.6 kg ha.

P&c promocijas darba autora izstradatas tehniskas dokumentacijas parbiivets
un modernizéts arkls PGP-7-40 un uz ta bazes razotais astonu korpusu arkls
AGK-8-40 (19.att.) paredzets dazada mehaniska sastava un mitruma augspu ar
dazadu akmenainibu arSanai [1].

Test&jot tika ieghti $adi raditaji: arSanas dzilums 23-27 cm, darba tv@riens
311-316 cm. Augu atlicku iestrades pilniba 99%, to iestrades dzilums 11-12 cm
[1]. Aramsloksnes apvérSanas lenkis 135-137°. P&c energétiskiem mérijumiem
traktors K—701, arot rugaini ar darba atrumu 7.1-8.7 km h™', patérgja 131-161 kW
jaudu, Tpatn§jais degvielas patérind bija 15.7-19.1 kg ha’', darba razigums
pamatlaika bija 2.4 ha h™' (darba atrums 7.6 km h™).

Salidzino$am energgtiskajam vért§jumam aprékinati arkla statiskas un
dinamiskas pretestibas koeficienti (sk. 6.tabulu).
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19.att. Arkls AGK-8—40 ar pusskrives tipa korpusiem
Fig. 19. Plough AGK-8-40 with semi-helicoidal bodies

1 — ramis, 2 — ripas nazis, 3 — korpuss, 4 — plakanas atsperes aizsardzibas mehanisms,
5 — arSanas dziluma regulé$anas skriive, 6 un 9 — atbalstriteni, 7 — uzkares vertikala statne,

8 —statne, 10 — stiirgriezis, 11 —arSanas dziluma regul&Sanas skrive, 12 — tapa.

1 — the frame, 2 — the disc coulter, 3 — the body, 4 — the flat spring, 5 and 11 — the screw for
adjusting the depth of ploughing, 6 and 9 — the supporting wheels, 7 — the vertical strut of
the mounting implement, 8 — the beam, 10 — the trashboard, 12 — the pin.

Modernizeto arklu energétiskie raditaji
Energetic characteristics of the improved ploughs

6.tabula/Table 6

- Vilces Ipatngjas pretestibas
E Tpatngja Darba koeficienti / Coefficients of
. 2o retestiba / atrums / specific resistance
Modelis / % f Sgeciﬁc draft Working . . L
Model < % 3 resistance, speed, m s! Statiskas / Dlnamlskas
ERRS N em” Static, k', | | Dynamic,
S E8 Rx; Rx; Vi V2 &0
PGP-3-35K zalajs 6.7 7.0 143 | 1.81 6.2 0.24
PGP-3-35K rugaine 6.2 6.5 1.82 | 2.16 5.47 0.22
PLN-3-35K zalajs 7.3 7.6 1.43 1.8 6.79 0.25
PLN-3-35 zalajs 7.7 8.2 1.33 | 1.69 6.89 0.46
AGK-8-40 rugaine 5.4 5.7 2.11 | 242 4.45 0.21

Aprekinatie Tpatngjas pretestibas statiskais koeficients un dinamiskais
koeficients parada, ka pie arSanas dziluma 22 cm arkliem ar pusskriives tipa
korpusiem dinamiskas pretestibas koeficients ir 0.25, kas salidzinajuma ar kulttiras
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tipa korpusiem ir aptuveni 2 reizes mazaks (sk. 6.tabulu). Tas liecina, ka
pusskriives korpuss ir piemérots darbam ar lielakiem atrumiem.
TestESanas dati apliecina teorctisko p&tijumu secindjumu pareizibu.

Arsanas izmaksu ekonomiskais pamatojums

Arsanas izmaksu aprékinam izmantoti arklu testéSanas rezultata iegttie dati un
to apstradei izmantota datortehnika ar atbilstosu programmu [1].

SalidzinoSam arSanas izmaksu vert€jumam modernizétiem arkliem un
Kverneland arklam AB — 85 ar pusskriives tipa korpusiem pie korpusa tvérieniem 35cm
un 50cm aprékinati arSanas darba razigums, degvielas patérin$ un kopgjas arSanas
izmaksas (sk. att€lus 20-22).

1.8
ha bl

12

AB 85-2-50

PGP-3-40K
AB 85-2-40

PGP-3-40
AGK-2-40

20.att. Darba razigums
Fig. 20 Working efficiency

Modernizétam arklam PGP-3-40K ar pusskriives korpusiem (20.att.)
Ipatngjais darba razigums ir par 25% lielaks neka arklam PGP-3—40 ar kultrtipa
korpusiem. Arklam AB ar mainamu darba tvérienu palielinot to no 40 Iidz 50cm,
degvielas darba razigums palielinas par 22%.

21.att. Degvielas patérins
Fig. 21 The consumption of fuel
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Arkla AGK—8-40 (21.att.) Tpatngjais degvielas patéring 15.8 kg ha™' liecina
par traktora dzingja optimalu noslodzi. Modernizétam arklam PGP-3-40K ar
pusskriives korpusiem Tpatngjais degvielas patérins ir par 22% mazaks neka arklam
PGP-3-40 ar kultirtipa korpusiem. Arklam Kverneland AB—85 ar mainamu darba
tverienu palielinot to no 40 Iidz 50cm, degvielas patérins samazinas par 14%.

30.00 |

Lsha?

20.00

10.00

0.00

22.att. Kop€jas arsanas izmaksas
Fig. 22. The total costs of ploughing

No aprékina rezultatiem redzams, ka kopgjas arSanas izmaksas (22.att.)
moderniz&tam arklam PGP-3-40K ar pusskrives korpusiem ir par 14% zemakas
neka arklam PGP-3-40 ar kultiirtipa korpusiem. Darba tveriena palielinasana
arklam AB 85 no 40 Iidz 50 cm samazina kop€jas arSanas izmaksas par 20%.

Arklu modernize$anas, ka art jaunu arklu izgatavosanas izmaksas ir 2,5 lidz
4 reizes zemakas neka jaunu rietumvalstu firmu arklu iegade.

SECINAJUMI

1. Veikti teorétiski un eksperimentali pétfjumi par arklu korpusu darbu, augsnes
pretestibas speku izraisito vilces pretestibu un to noteicoSajiem faktoriem,
korpusu parametru, darba reZimu un augsnes fizikali mehanisko 1pasibu
ieteckmi uz arSanas agrotehniskajiem, energétiskajiem un ekonomiskajiem
raditajiem, pamatoti korpusu parametru optimalie lielumi un darba rezimi, kas
nodro§ina kvalitativu arumu ar minimalu energijas, darba un Ilidzeklu
izlietojumu.

2. legiitas analitiskas likumsakaribas un izstradatais datora algoritms lauj
modelét augsnes iedarbibas spékus uz arkla korpusa darba virsmam, lauj
noteikt arkla korpusa c€lajvirsmas un atbalsta virsmu vilces pretestibu atkariba
no augsnes cietibas, blivuma, lipiguma, berzes koeficienta vértibas, ka arT no
arkla korpusa parametriem, ta darba atruma un pamatot korpusa parametru
optimalas veértibas, lai iegiitu kvalitativu arumu ar minimalu energijas patérinu.

3. Arkla korpusa vilces pretestibas trakt€Sana ka tas komponentu: augsnes
sloksnes atgrieSanas pretestibas, tas masas (svara) izraisitas pretestibas,
augsnes inerces spéku un pielipSanas speku izraisito pretestibu summu lauyj
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10.

analiz&t uz célajvirsmu (lemesa—verstuves virsmu) un atbalstvirsmam (sliedi)

darbojosos spekus, noskaidrot tos ietekm&joSos faktorus un to izmainu

raksturu atkariba no atruma un virsmu parametriem, un noteikt to patsvaru

kopgja pretestiba.

Galvenie arkla korpusa parametri, kas ictekme arSanas efektivitati ir:

e celaj—versgjvirsmas sakuma un beigu lenkis,

e horizontalas veidules slipuma lenkis attieciba pret kustibas virzienu un ta
izmainu raksturs;

e lemesa Skautnes (asmens) biezums;

e celajvirsmas liekuma radiuss;

e atbalsta virsmu laukums.

Palielinot sakotngjo celajlenki (lemesa slipuma lenki attieciba pret vagas

dibenu) vilces pretestiba pieaug. Drosam darbam blivas smilSmala augsnés ta

optimala vertiba vidgji ir 30° (28...32°).

Horizontalas veidules slipuma palielinaSana izraisa augsnes svara un

pielipsanas speku izraisitas vilces pretestibas samazinasanos, bet ta palielina

inerces speku izraisito pretestibu, seviski pie lielakiem atrumiem. SmilSmala

augsnds, atrumam pieaugot no 1 lidz 3 m s™', horizontalas veidules slipuma

lenka optimala vértiba, kas dod minimalo c€lajvirsmas vilces pretestibu,

samazinas no 50° [idz 25°.

Korpusa atbalsta virsmu vilces pretestiba var sasniegt 25...30% no kopgjas

arkla korpusa vilces pretestibas jeb 42...54% no ta célajvirsmas vilces

pretestibas.

Liela ietekme uz arkla korpusa vilces pretestibu ir augsnes — metala virsmas

berzes pretestibai. Ta var sasniegt 50...60% no kopgjas vilces pretestibas,

ieskaitot, atbalsta virsmu pretestibu (25...30%). Palielinot horizontalas

veidules slipuma lenki, ka arT darba atrumu, samazinas berzes pretestibas

patsvars arkla korpusa kopgja pretestiba.

Nozimigakie berzes pretestibas un arkla korpusa kopgjas vilces pretestibas
samazinaSanas veidi butu racionalakas korpusa konstrukcijas izveide ar
optimaliem parametriem, samazinot atbalsta virsmu reakciju vertibas un
antifriktivu materialu izmantos$ana, darbs optimala atruma.

Arkla korpusa Ipatngja vilces pretestiba atkariga no korpusa tve€riena.
Palielinot korpusa tvérienu no 30 cm Iidz 50 cm pie nemainiga lemesa
tvériena, arSanas Ipatngja pretestiba samazinas par 8...10%. Attiecigi
samazinas degvielas paterin$ un izmaksas, palielinas darba razigums. Tapéc,
izmantojot maintvériena arklus, ieteicams stradat ar to korpusu maksimalo
tverienu, ja nepiecieSams, pie nepictickamas traktora jaudas, samazinot
korpusu skaitu.
No veiktajiem augsnes slides pretestibas eksperimentalajiem pé&tfjumiem var
secinat, ka:

e  Mitru augSnu slides pretestiba pa terauda virsmu, palielinoties slides

atrumam, samazinas.
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e Sausu augsnu slides pretestiba pa t€rauda virsmu, mainoties slides
atrumam, nemainas. Ja augsne satur akmens dalinas, kas skrapé
virsmu, atrumam pieaugot, slides pretestiba var palielinaties.

e  Mitru augsnu slides pretestiba ir atkariga no ipatngja spiediena starp
virsmam. Spiedienam palielinoties, ta samazinas, asimptotiski tiecoties
uz robezlielumu.

e  Mitru augsnu slides pretestibas izmaina atkariba no Ipatngja spiediena
starp virsmam atbilst hiperboliskas regresijas raksturam. Izmantojot
mazako kvadratu metodi, noteikts So augsnu berzes koeficienta un
Tpatngja pielipSanas speka lielums.

11. Optimalais arSanas atrums ar jaunas paaudzes traktoriem, stradajot speka vai
kombingtaja rezima ir 2.3 ms™.

12. Eksperimentalie p&tijumi apstiprina teorétisko p&tijjumu atzinas.

13. Optimalie arkla korpusa parametri darbam optimala reZima ar atrumu
2.3ms"ir:

e lemesa nostadijuma slipums pret vagas dibenu 28°...32°;

e horizontalas veidules slipums korpusa apaksdala 34°...38°,
augSgala — 45°...48°;

e  korpusa tveriens 45...50 cm;

e vérstuves liekuma radiuss 480...520 mm.

Skruvveida korpusu izmantoSana ar optimaliem parametriem nodro$ina kvalitativu
arumu, samazina vilces pretestibu par 12...20%, attiecigi palielina darba
razigumu, samazina degvielas paterinu un arSanas izmaksas.
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THE SUBJECT OF THE INVESTIGATION AND THE
TOPICALITY OF THE PROBLEM

It was concluded from the analysis of the previous investigations that the
indices of the performance of the ploughs and their energetic indices are affected
by the design of the plough bodies, the physical and mechanical properties of soil,
and the mode of operation (the speed of ploughing and the way of coupling of the
plough with the tractor). However the conclusions drawn by various authors are
different, in some cases even contradictory. The impact of many factors is not
studied sufficiently, the optimum parameters and modes of operation are not
determined.

Soil tillage is one of the most energy intensive and expensive processes in
agricultural production. At the present soil tillage technologies and machines its
average cost is 80 Ls ha '. The most energy intensive and expensive operation of
all the soil tillage operations is ploughing. It constitutes 26—50% of the total energy
consumption in soil tillage and costs 20—46 Ls ha ' [2]. To ensure the production of
cheap and competitive agricultural products, these expenses must be reduced by
improving the ploughing technology, the design of the ploughs, their aggregation
and use. In this connection the theme of the promotion work was chosen:
“Substantiation of the optimum parameters of the plough bodies and the regimes of
operation”.

The promotion work presents a review and an analysis of previous studies
of the designs of the plough bodies and their main operating parts, a justification
for the choice of their parameters and modes of operation. Guided by them, the
target of the present investigation was formulated, the dim items and tasks to be
studied were clarified, the schedule and methods of research were advanced, and
the amount of investigations was fixed. Theoretical studies were carried out in
order to solve the advanced tasks applying the computer technology. Principal
attention was devoted to the studies of energy intensity of ploughing, their crucial
factors and the solutions for its reduction. Experimental studies were carried out to
confirm the conclusions of theoretical investigations, the improvement of the
designs of the ploughs, their aggregation and use. They were conducted also in
order to clarify the physical and mechanical properties of soil in their connection
with tillage.

THE AIM OF THE RESEARCH

The promotional paper ,,Substantiation of the optimum parameters of the
plough bodies and the modes of operation” by Adolfs Rucin$ was developed
during the period of time from the year 2003 till 2007 at the Technical Faculty of
Latvia University of Agriculture and the LUA agency of the Research institute of
Agricultural Machinery.
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The aim of the research work is to determine theoretically and

experimentally and substantiate the optimum parameters of the plough body and
the modes of operation which would ensure quality ploughing with a minimum
consumption of energy, work and finances.

In order to reach the aim of the work, the following tasks were set and

solved:

to analyse the existing solutions of the technological process of ploughing
and the designs of the plough bodies, their parameters, modes of operation,
the draft resistance, and their affecting factors;

to carry out theoretical research and obtain analytical regularities in order to
determine the forces acting upon the plough body, and the draft resistance
in connection with the parameters of the plough body, the physical and
mechanical properties of soil and the mode of operation;

by applying the analytical regularities, to work out a computer algorithm
with the help of which it would be possible to simulate the operation of the
plough body and the forces acting upon its operating parts, as well as the
draft resistance;

to perform simulation of the forces acting upon the plough body and the
draft resistance depending on the inclination angle of the horizontal
generatrix, the value of the initial lifting angle, and working width of the
plough body;

to evaluate the impact of the physical and mechanical properties of soil,
particularly the friction resistance, upon the draft resistance of the plough
body;

to determine the specific draft resistance of the plough body and its lifting
mouldboard share surface depending on the working width of the body;

to make a tribometric stand and to carry out an analysis of the variations in
the soil sliding resistance along a steel surface depending on the speed of
sliding and the specific pressure between the sliding surfaces;

the perform experimental investigations of the draft resistance of the plough
bodies, their optimum parameters and modes of operation;

to search out the possibilities how to decrease resistance, to obtain more
rational design of the operating parts of the body, to optimise the parameters
and modes of operation.

THE OBJECT OF INVESTIGATIONS

The object of investigations is the plough body, the forces acting upon it,

the impact of the body parameters and modes of operation on its draft resistance,
justification of the optimum parameters of the plough body.

47



THE AMOUNT AND CONTENTS OF INVESTIGATIONS

Guided by the advanced target, the amount, structure and contents of the
conducted investigations were fixed:

e areview of the previous investigations and analysis of the data;

e theoretical studies: simulation of the forces acting upon the plough body
and its draft resistance, justification of optimum parameters and modes of
operation;

e cexperimental laboratory studies in the soil sliding resistance and it's
affecting factors;

e cxperimental field studies in the impact of the plough body parameters and
modes of operation upon the energy intensity of ploughing;

e introduction and checking of the research results in production.

GENERAL METHODOLOGY OF INVESTIGATIONS

The plough body is regarded as a constituent part (a separate element) of the
plough and the ploughing unit the performance of which can be affected by the
plough design, completeness (skimmer, trashboard, disc coulter, flat knives joined
to the body), the way of coupling of the plough with the tractor and the possibilities
to adjust the modes of operation of the tractor hang-on equipment used in
ploughing. However, in order to limit the amount of investigations, the plough
body was studied as a separate object, not connected with the other elements of the
plough.

In agreement with the adopted hypothesis and the methodological
preconditions of previous investigations analytical correlations were transformed
and an algorithm was developed for the simulation of the forces acting upon the
plough body and the draft resistance using the computer equipment. In order to
check the performance of the analytic correlations and the algorithm simulating the
forces, an example for the calculation of the draft resistance and its components
was made corresponding to the average ploughing conditions.

The tribometric stand developed at the Research Institute of Agricultural
Machinery of the LUA was used for the experimental studies of the sliding
resistance of soil. The investigations were conducted in conformity with the
previously approved methodology [1].

The experimental field studies were carried out by means of the ploughs
equipped with the bodies of a recommended design corresponding to their
energetic, agrotechnical and, partly, also economic and ecological parameters. The
work was done according to programmes and methods of assessment generally
accepted at the machine testing stations [l], with adding programmes and
methodologies for specific evaluation of the impact of individual body parameters,
such as the working width of the body, a detailed layout of which is given in the
respective chapters.
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THE SCIENTIFIC NOVELTY OF THE WORK

The applied methods and the obtained regularities allow to justify energy
saving technologies and the designs of the operating parts, to work out highly
efficient, economical machines and aggregates for the basic and pre-sowing tillage
of soil, as well as methods for their efficient use under the Baltic and similar
conditions. The obtained analytical correlations were applied in order to determine
the draft resistance and the optimum parameters of the operating parts of the
machines in connection with physical and mechanical, and technological properties
of soil. An algorithm was developed for the calculation of the draft resistance of
the operating parts (plough bodies) of the soil tillage machines and aggregates, as
well as for the justification of their design, modes of operation and coupling.

The conducted investigations justify a conclusion that the specific soil
tillage resistance and, hence, also the energy intensity are determined mainly by the
values of the components of the draft resistance and the character of variations in
the force applied to cut off a slice of soil, to overcome the resistance caused by the
weight of soil, inertia forces and soil adhesion depending on the shape and
parameters of the operating parts, the speed of work, its mode and conditions.

The following novelties were obtained as a result of the investigations:

The designs and parameters of ploughs are justified. It was proved that, in
contrast to the cultural mouldboards, the plough bodies with a flat helicoidal
mouldboard surface ensure coherent quality ploughing of soils and grassy sods
with a lesser consumption of energy, particularly, when working at increased
speeds. To achieve a minimum draft resistance, the inclination of the share in
relation to the horizontal plane (the bottom of the furrow) should be
24...30 degrees. When the speed of ploughing is increased from 1.5 to 3 m s™, the
optimum inclination of the horizontal generatrix in relation to the wvertical
longitudinal plane (the wall of the furrow) at the initial part of the mouldboard
surface (the lower part) decreases from 50...60 to 30...32 degrees, but, in order to
ensure sufficient overturning of the arable strip and complete digging in of the
plant remnants, the inclination angle of the generatrix at the upper part of the
mouldboard should increase to 45...48 degrees.

The draft resistance of the ploughs with optimum parameters of the
mouldboard surface of the bodies is by 18...22 % less. Increasing the working
width of the bodies from 30 cm to 50 cm decreases the energy intensity of
ploughing by 14...25 % (the specific consumption of fuel by 3...5 kg ha™), raises
labour efficiency by 12...16% and decreases the costs by 14...20%.
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THE ECONOMICAL SIGNIFICANCE OF THE WORK

The materials of the investigations are used to improve ploughs and their
bodies under the Baltic conditions. In correspondence with them, the plough bodies
and ploughs are made by SIA ,,AGS” in C&sis, and SIA ,,Grauds PI” at Ulbroka.

The principal directions are substantiated for the unification of
technological operations in soil tillage, and the designs of the operating parts the
plough are developed. This ensures qualitative performance of the technological
operations with a minimum energy consumption, high productivity and economic
efficiency.

On the basis of the materials of the investigations, the use of more efficient
end less energy consuming ploughs in soil tillage is substantiated for the Latvian,
as well as the Baltic and similar conditions ensuring high quality of the
technological processes and, as a result, a 14...30% economy of fuel, a 15...30%
rise in the labour efficiency, and lesser (down to 20%) costs.

APPROBATION OF THE SCIENTIFIC WORK

Reports about the results were presented at the scientific and scientific
research conferences of the doctoral students at the LUA, international conferences
in Germany, Sweden, Denmark, Poland, Lithuania, Estonia, Russia, Ukraine and
Belarus, at the seminars organised by the trading enterprise of agricultural
machinery and agricultural consultations centres.

THEORETICAL RESEARCH OF THE PLOUGH BODY

By using analytical correlations derived as a result of theoretical research
[4-10], a computer algorithm has been worked out for simulating the functions of
the plough body and the forces exerted by soil upon the operating parts, as well as
its draft resistance. These correlations allow to determinate the forces acting on the
plough body and its draft resistance depending on the body parameters, as well as
to evaluate the impact of the physical and mechanical properties of soil upon it.
They considerably influence the draft resistance of the body and, respectively, the
energy capacity of ploughing and fuel consumption. The greatest influence upon
the draft resistance is exerted by soil hardness, density and slip resistance along the
surfaces of the operating parts.

Forces acting on the plough body

It is known from our previous investigation [6, 7, 10] that the draft
resistance of ploughs depends on such soil properties as its hardness, density,
friction and adhesion. However, there were no analytical correlations that would
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enable to determine the draft resistance of the share-mouldboard surface and the
plough body, as a whole, depending on their properties.

The objects of the research are the forces acting on the plough body and its
draft resistance depending on the body design parameters, as well as the physical
and mechanical properties of soil. On the basis of the previous investigations [9] a
computer algorithm has been worked out for the simulation of the forces exerted
by soil upon the operating (lifting and supporting) surfaces of the plough body, and
the draft resistance caused by these forces (Fig. 1).

According to our previous investigations [9], the draft resistance R, of the
plough body is determined by the share cutting resistance Rp, the resistance caused
by weight R, of the strip lifted, by the inertia forces R, by soil adhesion R, and
by weight Ry, of the plough body itself (including a part of the weight of the
plough). However, the latter is not dependent on the plough parameters (see
formula 1).

The vertical reaction R, and the lateral reaction R, of the operating part are
defined by corresponding partial reactions (see formulas 2; 3).

The total draft resistance R, of the operating part is composed of the

. . / . .
resistance of the working surface R , and the resistance of the supporting (lower

and lateral) surfaces R //x (see formula 4).

The friction resistance F, is a constituent part of these reactions and their
components [8], and by analogy we can write that (see formulas 5; 6; 7).

The friction resistance of the share-mouldboard surface is defined as the
difference between the total resistance (general value of the partial resistance) and
the resistance R,, in operation without friction 0‘0 = (0 ) (see formulas 8; 9).

Cutting resistance R, is proportional to soil hardness p,and the share edge
surface area w (see formula 13).

It is evident from formula (13) that the friction of soil along the edge does
not influence the cutting resistance of the edge.

At a sharp ploughshare the vertical reaction of cutting Rp, is absent
(see formula 14).

At a blunt (threadbare) ploughshare having rear bevel the vertical reaction
Rp. on the hard soils can reach summary value of vertical reactions, this summary
value arising from other forces acting on share-mouldboard surface (soil gravity
and inertia) and weight of the body Q.

At an inclined ploughshare a lateral reaction Rp, arises, its value being
affected by the friction reaction (see formula 15).

When friction is absent, f(): 0,9, =0 and (see formula 16).

Friction of soil along the ploughshare edge reduces the lateral pressure of
the ploughshare (the pressure of the plough body against the wall of the furrow).

The resistance of the supporting surface (see formula 17).

The total cutting resistance (see formula 18).
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The lateral cutting resistance of the knife is determined by formulae, similar
to those for the cutting resistance from below. Consequently, similar to the above
formulae will also be the formulae defining the impact of friction on the total
resistance of the knife.

Forces caused by the weight of the lifting soil strip
(see formulas 19; 20; 21; 22).

Forces caused by the soil inertia (see formulas 23; 24; 25; 26).

Forces caused by soil adhesion (see formulas 27; 28; 29;30).

The soil friction coefficient and the specific force of soil adhesion are not
constant values. Their values decrease with the increase in speed [11]. This is
considered in calculations.

The resistance of the supporting surfaces of the plough body depends on the
values of the reacting forces. Yet their value is dependent, in many respects, on the
manner of unification and perfection of the hydraulically mounted implements of
the tractor. The vertical reaction of the plough with modern tractors having power
regulation is transferred to the body of the tractor, and it affects the plough
resistance to a considerably lesser degree. There are also solutions for the reduction
of the lateral reaction. In such a way, the dominating component of the draft
resistance of the plough body is the resistance of its share-mouldboard surface, to
the research of which the present work is mainly devoted.

The main parameters of the plough body that determine the ploughing
efficiency are the initial and the final soil strip lifting angles on the
share—mouldboard surface, the angles of its horizontal generatrix, the radius of this
surface and the working width of the body.

The presented work discusses, as an example, the research results of the
forces acting on the plough body and the draft resistance caused by those paramters
when ploughing loamy soils that predominate in Latvia.

The calculations were carried out with the computer according to the
foregoing formulae.

The following values of the basic factors were taken into consideration,
which affect the resistance of the share — mouldboard surface and the plough body
(Table 1).

Draft resistance of the plough body depending on the inclination
of the horizontal generatix

The inclination angle y of the horizontal generatrix of the real share-
mouldboard surfaces of plough bodies lies between 26°...50°. Steeper surfaces
(y > 50°) refer to the slanting blades of bulldozers.

The calculation results of the draft resistance of the lifting surface and its
components are presented in Figs. 2 — 5, the draft resistances of supporting
surfaces — in Fig. 6 and the total draft resistance of the plough body — in Fig.7.
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The material of the calculations presents the values and correlations of the
changes in the forces acting on the share—-mouldboard and the supporting surfaces,
the draft resistance of the share—mouldboard, and the supporting surfaces, as well
as the total resistance of the plough body and its components under working
conditions depending on the working speed v and the inclination angle y of the
horizontal generatrix.

It follows from the figures that the values of resistances caused by the
weight and soil adhesion decrease with the increase in the operation speed
(Figs.2 and 4). This can be explained by the reduction of the friction coefficient
and the specific adhesion force of soil while the speed of its slipping along the
share-mouldboard surface increases. The resistance caused by the soil inertia
forces increases when speed increases (Fig.2), and at speeds over 3...4 m s™ these
inertia forces start dominating over all the other components. When speed
increases (up to the speed of 2...2.5 m s'), the summary draft resistance of the
share—-mouldboard surface increases insignificantly, then grows faster (Fig.4). At a
steeper share-mouldboard surface (at great values of angle y) this growth is more
remarkable and intense.

In wet loamy soils there may be cases (at quite a flat share-mouldboard
surface) when the draft resistance does not increase but even decreases whereas
speed increases (within the range of 1...2 m s™"). Such a phenomenon may occur
when the decrease in resistance due to the lower friction coefficient and specific
soil adhesion proceeds more intensely than the growth in the resistance caused by
the soil inertia forces within the given range of speeds.

When the inclination of the generatrix is increased (angle y), resistances
because of the soil weight and adhesion fall but the resistance due to the inertia
forces increases, particularly in operation at higher speeds. The decrease of the first
ones can be explained by the fact that at a steeper share—-mouldboard surface its
length decreases and because of this there is a decrease in the mass of soil slipping
along it. Decreasing the area of its surface leads to a lower resistance due to soil
adhesion. As a result, the total draft resistance of the share-mouldboard surface
shows a marked minimum, which at a greater operating speed moves towards
lower inclination values of the horizontal generatrix. Thus, increasing the speed
from 1 to 3 m s™, the optimum value of angle y of the share-mouldboard surface
decreases from 50° to 25° (Figs. 5 and 7).

From the presented example it is evident (Figs.6 and 7) that the draft
resistance of the supporting surfaces is considerable. It can reach 25...30% of the
total plough body draft resistance, or 42...54% of its share-mouldboard draft
resistance (Figs. 6 and 5).

In such way, the deduced analytical correlations and the developed
computer algorithm allow simulation of soil coercion upon the share-mouldboard
surface of the plough body, taking into consideration its draft resistance in
determining the optimum parameters (the inclination of the horizontal generatrix)
at minimum resistance.
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Impact of the share inclination angle on the plough body
resistance

The obtained correlations (19) — (30) show how the initial lifting angle ¢; of
the soil strip (the inclination angle of the share) impacts the draft resistance of the
share-mouldboard surface, the resistance of the supporting surfaces and of the
plough body in totality. The following graphs (Figs.8 and 9) show those changes of
the draft resistances depending on the initial lifting angle ¢; at the angle between
the horizontal generatrix of the operating surface and the vertical longitudinal
plane y=40° and at the different speed v.

From the graphs (Figs. 8 and 9) it follows that increasing of the share
inclination angle ¢; leads to increasing of partial resistances caused by soil strip
gravity, inertia forces and adhesion and, as results — increasing the draft resistance

R/x of the share mouldboard surface (lifting surface) of the plough body from 6% to
13% (Fig.5). The increase of the resistance is more remarkable at high speeds.
Increasing of the share inclination angle leads to decreasing of the vertical
reaction R, (reaction of the lower supporting surface) caused by soil strip gravity,
has less influence on it of the forces caused by inertia and adhesion and leads to
increasing of the lateral reactions caused by all theses forces. In connection with
that the change of the share inclination angle has insignificant influence on the

draft resistance R//x of the supporting surfaces.

Changes of the total draft resistance of the plough body depend on the mode
of operation. If the plough is working in a floating mode, then increasing of the
share inclination angle increase the draft resistance R, of the plough bodies from
2% to 10% (Fig.9), but if the plough is working with a power regulation means, the
changes of the total draft resistance may be followed by the draft resistance
changes of he share—mouldboard surface (at lower values of the total resistance the
floating mode of operation).

The resistance component R, to the cutting of a soil strip is not included
into total resistance of the plough body, which is not dependent on the ploughshare
inclination but on its sharpness (thickness of the cutting edge).

For economical ploughing the initial lifting angle of the soil strip (the angle
between the share and the furrow bottom) must have a minimal value — 24...30°. A
smaller inclination angle is not desirable because of the wear of the share there is a
possibility at the blunt (threadbare) ploughshare to obtain a rear bevel which can
hinder the plough body from going into soil. For safer work in hard loamy soils its
optimal value may be approximately 30° (28...32°).

Impact of the working width of the plough body resistance

In the literature there is difference of opinions on the impact of plough body
working width on its specific draft resistance. F. P. Ciganov in his dissertation has
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written that by decreasing the body width specific draft resistance of ploughing

decreases [13]. W. R. Gill and G. E. Vanden Berg have opposite views. Their data

show that “specific draft generally tended to decrease as size of cut increased”

[16]. It has been written in the Kverneland plough prospect that by increasing the

furrow width from 35 cm to 45 cm (14” to 18”) the consumption of diesel fuel is

reduced by more than 18% and working capacity will increase by up to 30% [16].

The specific draft resistance related to the unit of the area ¢ of the cross
section of the lifting soil strip (see formula 31).

From our previous investigations [15] it follows:

— Specific draft resistance caused by the weight of the lifting soil strip
(see formula 33).

—  Specific resistance caused by the soil inertia (see formula 34).

—  Specific resistance caused by soil adhesion (see formula 35).

—  Specific resistance caused by weight of the plough body (see formula 36).

—  Specific resistance caused by cutting off the soil strip is proportional to
soil hardness and the share edge, as well as the knife surface area [21]
(see formula 34).

From our previous investigations [8] and formulas (7) — (14) conclusions

follow:

e Because the draft resistance of the plough body caused by weight and inertia
forces of the lifting soil strip is directly proportional to it cross section area, the
changes in working width cause no influence on the specific draft resistance.

e Resistance of the lifting (share-mouldboard) surface caused by soil adhesion is
proportional the body working width (width of the lifting strip), and changes in
working width cause no influence on the specific draft resistance. On the
contrary, the specific draft resistance of the supporting surfaces caused by soil
adhesion is inversely proportional of the cross section area of the soil strip.

e The specific draft resistance caused by the weight of the body itself is inversely
proportional to the cross section area of the soil strip. It means that increasing
the working width, this partial specific resistance decreases.

e The specific draft resistance caused by cutting off the soil strip can be or cannot
be dependent on body working width. At a constant share width increase in the
working width decreases the specific draft resistance because the resistance
caused by breaking off the soil slice is insignificant in comparison with cutting
resistance. If the share width is equal to the working width of the body and
varied with the variation of the working width, the specific draft resistance
caused by cutting is not dependent of it working width.

The presented work discusses, as an example, the theoretical research
results of the forces acting on the plough body and the specific draft resistance of
the plough body at its various working widths when ploughing loamy soils that
predominate in Latvia.

The calculations were carried out with the computer according to the
foregoing formulae.
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The following values of the basic factors were taken into consideration,
which affect the resistance of the share—-mouldboard surface and the plough body
Table 1.

The calculation results of the specific draft resistance of the plough body
and its components are presented in Fig.10.

The graph (Fig.10) shows how the specific draft resistance and energy
consumption in ploughing depends on the working width of each body. Increasing
it the energy capacity and specific fuel consumption in ploughing decreases by
10-16%. The greater is the ploughing depth, the greater is the effect due to the
increased working width of the body.

Impact of physical and mechanical properties of soil of the
plough body resistance

It can be concluded from the previous study (Formulae 1-30) that the draft
resistance of the plough body depends on such properties of soil as its hardness,
density, frictional resistance and adhesion [21]. However analytical regularities
were not known which would allow determination of the draft resistance of the
mouldboard surface and the plough body, as a whole, depending on its properties.
The cutting resistance of a strip of soil is proportional to the hardness of soil
(Formula 13) but it, in its turn, is affected by the mechanical composition of soil,
moisture and density. The resistance caused by the weight of the strip of soil and
the inertia forces is proportional to the density of soil (Formulae 19-26). The
resistance caused by soil adhesion is proportional to the specific adhesion of soil
(the adhesion forces between soil and the surface of the operating parts) (Formulae
27-30), its value, in its turn, being dependent on the composition of soil, moisture,
temperature, and the sliding velocity.

The draft resistance component caused by the friction of soil is also
dependent on the composition of soil, moisture and the sliding velocity. It
essentially affects the total draft resistance of the plough body. It can be defined as
the difference between the total resistance R, of the plough body (also its
component parts — the mouldboard surface and the supporting surface) and its
resistance R,,, in case there is no frictional resistance (Formulae 8 and 9).

It is evident from Formulae (20) and (21) that the value of the normal
reactions of the plough body supporting surfaces caused by the weight of soil does
not depend on the friction coefficient.

As an example (Figure 11), the draft resistance of the plough body lifting
surface (ploughshare—-mouldboard surface) is shown depending on the value of the
friction coefficient at various inclinations of the horizontal generatrix and sliding
velocity.

In the diagrams, the value of the draft resistance caused by friction is
expressed as the difference between the total draft resistance at a certain value of
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the friction coefficient and the possible draft resistance in case there is friction
(f(‘):()).

It is obvious from the research results (Figure 10) that the frictional
resistance constitutes a considerable part of the total resistance of the lifting
surface. In the given example, when the friction resistance is f = 0.4, it is
1100-1200 N and constitutes 55 — 60% of the total draft resistance of the plough
body.

EXPERIMENTAL INVESTIGATIONS

Experimental investigations were carried out in the laboratory and on the
field: the first ones in order to clarify the impact of velocity upon the sliding
resistance of soil, the second ones — to confirm the results of the theoretical
research.

Investigations in the soil sliding resistance

A tribometric test bench (Figure 12) was used to conduct experimental
investigations. It was developed at the LUA Research Institute of Agricultural
Machinery and designed to measure the sliding resistance of various materials,
including soil, and to register automatically the results of measurements by
consecutive reading the sensors located on the object of research. [19].

The measurement data of the sliding resistance were registered in the data
storage depending on the selected speed with a 3 — 5 second interval. The
characteristics of the sliding resistance: friction coefficient and the specific
adhesion were calculated on the computer according to Formulae (38) — (44).

The obtained results were automatically processed and printed out in the
form of the tables of numbers and diagrams.

Mathematical data processing

The sum of variances, the range of the reference set, the variance of the
reference set, the smallest variance of the reference set, the greatest variance of the
reference set, the arithmetic average, the standard deviation, dispersion, the
coefficient of variation, the representation index of the arithmetic average, the
representation index of the standard deviation, the representation index of the
coefficient of variation were calculated for the obtained results.

The indices: the arithmetic average, the standard deviation and dispersion
were calculated by means of Microsoft Exel for Window 7.0 programme.

The values obtained in experimental investigations were calculated for the
wet sandy soil which is rich in humus (Fig. 13) and dry rocky sandy loam (Fig. 14)
the coefficient of variation V=16%.
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The results of experimental investigations
of the sliding resistance

By means of Formulae (38—44), data were obtained which were processed
using a special computer programme to determine the sliding resistance, the
friction coefficient, the specific adhesion, as well as curves were obtained
describing the variations of the sliding resistance coefficient depending on the
speed of the plough (0.5 to 5 m s™), moisture and the specific pressure of the
sample of soil upon the mouldboard surface (0.06 to 0.2 N cm™) [20]. The results
of the experimental measurements were shown in diagrams (see Figures 13—16).

The value of the sliding resistance coefficient of wet soils depends on the
specific pressure between the sliding surfaces. For instance, sandy soil which is
rich in humus the sliding resistance coefficient at a low specific pressure (0.06 N
cm™) and a low sliding velocity reaches 1.8...2 (Figure 13).

For the research results of the sliding resistance of a wet, sandy soil which
is rich in humus (Figure 13) were calculated: the variance amplitude R=3.87,
dispersion S” =1.66, the standard deviation s=1.21, the variance coefficient F=16%.

It was established in the experimental investigations that the sliding
resistance of wet soils along a steel surface decreases when the sliding velocity is
increased from 0.5 to 5 m s”'. Depending on the mechanical composition of soil
and its moisture, this decrease varies.

For a wet sandy soil which is rich in humus and loamy soil it is 30 — 32 %
(Figure 13), for a loamy soil — 17 — 20 % but for the clay soil it is 4 — 6 %. Initially,
when the speed increases (to about 2..2.5 m s™), the decrease in the sliding
resistance is more rapid, afterwards it slows down.

For a sandy soil which is rich in humus the sliding resistance coefficient,
irrespective of speed, was 0.94 (at the specific pressure 0.063 N cm™ between the
surfaces, for the loamy soil — 0.6, the specific pressure between the surfaces being
0.19 N em™ (Figure 14). It should be noted that the tiny stones enclosed in the dry
hardened soil caused scraping of the sliding surface, which could raise the value of
the sliding resistance coefficient. For the experimental research results of the
sliding resistance of a dry rocky soil (Figure 14) were calculated: the variance
amplitude R=5.8, dispersion S’ =2, the standard deviation s=1.41, the variance
coefficient /=16.53% of the sliding resistance of a wet (W=15%) loamy soil.

The sliding resistance of dry loam remains practically the same or even
decreases a little (by 3%) when the sliding velocity is increased (Figurel4.).

When the specific pressure increases, the sliding resistance coefficient
decreases rapidly, at first, then the decrease gradually slows down, asymptotically
approaching a certain limit (Figure 15). Such a change of the sliding resistance
coefficient corresponds to the character of the hyperbolic regression. This allows,
by using the method of least squares, to determine the values of the friction
coefficient of these soils and the specific adhesion force.
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For the clay soil, at the sliding velocity of 2 m s', they were
correspondingly 0.288 and 0.26 N cm™ (Tables 2 and 4), and for the sandy soil
which is rich in humus, correspondingly — 0.321 and 0.158 N cm™. This shows that
the friction coefficient of the sandy soil which is rich in humus along a steel
surface is higher but the adhesion force - lower than for the clay soil.

Experimental investigations of the draft resistance, optimal
parameters and working modes of the plough body

Experimental studies are carried out on the “Kvernelands Vary Width”
plough, having bodies working width from 30 cm to 50 cm [13].

In loamy soil increase in the working width of the bodies at the ploughing
depth of 18...19 cm decreases the specific fuel consumption by 2...3 kg ha™' but at
the depth of — 24 cm by 4...5 kg ha™. Correspondingly, there is a rise in labour
efficiency, and the ploughing costs fall by 2...4 Ls ha" (Fig.17). Therefore, when
ploughs are used that have a possibility to vary the working width, it is
recommended to work at the maximum width and, if necessary (insufficient power
of the tractor), to reduce the number of bodies.

Thus, for example, in the aggregate with the MTZ-82 tractor it is more
purposeful to work with the Kverneland AB-85 two-body plough with the working
width of each body 50 cm (the total width 1 m) than with three bodies having the
width of 33 cm each and the same working width.

Experimental investigations of the improved ploughs

In cooperation with the plant cultivation machinery experts, the author of
the promotional work, as a researcher of the LUA Research Institute of
Agricultural Machinery, has found a solution for the reconstruction of the
operating parts of these ploughs in order not only to raise their working capacity
but also to simultaneously perfect the existing designs [1, 22, 23].

The plough PGP-3-35 with the "Kverneland" bodies (see Figure 18.) is
designed for ploughing rocky soils to the depth of 27 cm.

The draft resistance of the plough, when ploughing perennial grassland at
the speeds from 1.43 to 1.81 m s, varied from 15.9 to 17.2 kN, but, when ploughing
the stubble—field at the speeds from 1.82 to 2.16 m s, it varied from 15.9 from
16.6 kN.

When working with the plough PGP-3-35 (having the "Kverneland"
bodies), the efficiency coefficient of the tractor MTZ-82 engine was 57 — 91%, the
fuel consumption, when ploughing perennial grassland, was 15.9—17.3 kg ha, but,
when ploughing the stubble-field, it was 14.3-14.6 kg ha™.

Using the technical documentation worked out by the author of the
promotional work there were rebuilt and improved the plough PGP-7-40 and the
eight-body plough AGK-8-40 produced on its basis (Fig. 19) and designed for
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ploughing the soils of various mechanical structure and moisture content with
various rockiness.

The following characteristics were obtained by testing: the depth of
ploughing 23-27 cm, the working with 311-316 cm. The completeness of digging
in the plant remnants 99%, the depth of their digging in 11-12 cm [1]. The angle of
turning over of the arable strip of land 135-137°. According to the energetic
measurements, the tractor K—701, ploughing the stubble-field at the speed
7.1-8.7 km h™', consumed 131-161 kW power, the specific fuel consumption was
15.7-19.1 kg ha™, its efficiency during the prime time was 2.4 ha h™".

The calculated static and the dynamic coefficients of the specific resistance
for the comparative testing data at the depth of ploughing 22 cm show that the
coefficient of the dynamic resistance of the ploughs with semi-helicoidal bodies is
0.25, which, in contrast to the cultural plough bodies is approximately 2 times
lower than (see Table 6). This is a witness that the semi-helicoidal body is adapted
for the work at greater speeds. The testing data confirm the correctness of the
conclusions of theoretical research.

Economic justification of the ploughing costs

For the calculation of the ploughing costs, there were used the data obtained as a
result of testing the ploughs and the computer technology with a corresponding
programme for their processing [1].

The specific working efficiency of the improved plough PGP-3-40K with
semi—helicoidal bodies (Fig. 20) is by 25% higher than for the plough PGP-3—40
with cultural plough bodies. If the working width of the plough AB with a variable
working width is increased from 40 to 50 cm, the working efficiency increases by
22%.

The specific consumption of fuel 15.8 kg ha”, when working with the
plough AGK—-8-40 (Fig. 21), indicates the optimum load of the tractor engine. The
specific consumption of fuel, when working with the improved plough
PGP-3-40K with semi-helicoidal bodies is by 22% lower than for the plough
PGP-3-40 with cultural plough bodies. If the working width of the plough AB
with a variable working width is increased from 40 to 50 cm, the consumption of
fuel falls by 14% [1].

The total costs of ploughing (Fig. 22) using the improved plough PGP-3—
40K with semi-helicoidal bodies are by 14% lower than for the plough PGP-3—40
with cultural plough bodies. By increasing the working width of the plough AB 85
from 40 to 50 cm reduces the total ploughing costs by 20%.

The updating costs of the ploughs, as well as the production costs of new
ploughs were from 2.5 to 4 times lower than the purchase of new ploughs.
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CONCLUSIONS

Theoretical and experimental investigations have been carried out into the
work of the plough bodies, the draft resistance caused by the soil resistance
forces, and the factors which determine them; the impact of the body design
parameters, modes of operation, and the physical and mechanical properties
of soil on the agrotechnical, energetic and economic indices of ploughing; the
optimum values and modes of operation of the plough bodies are
substantiated which ensure the quality of ploughing with a minimum
consumption of energy, labour and financial means.
The obtained analytical regularities and the developed computer algorithms
allow to simulate of the forces of soil acting upon the working surfaces of the
plough body and determine the draft resistance of the lifting and supporting
surface of the mouldboard depending on the soil hardness, density, adhesion,
the value of the friction coefficient, as well as the parameters of the plough
body design, its working speed, and substantiate the optimum values of the
parameters of the plough body in order to obtain qualitative ploughing with
minimum consumption of energy.
Treating the draft resistance of the plough body as sum of its components: the
cutting resistance of the strip of soil, the resistance caused by its mass
(weight), the sum of the resistances caused by the inertia and adhesion forces.
This allows to analyse the forces acting upon the lifting surface (ploughshare—
mouldboard surface), as well as the forces acting upon the support surfaces,
to find out the factors affecting them, and the character of their variations
depending on the speed and the surface parameters, and to determine their
proportion within the total resistance.
The main parameters of the plough body affecting the ploughing efficiency
are:
o the initial and the final angle of the lifting surface,
e the angle of the horizontal generatrix in relation to the direction of the
movement and the character of its changes;
o the thickness of the tip of the share;
o the radius of the concave lifting surface;
o the area of the support surface.
When the initial lifting angle is increased in relation to the bottom of the
furrow), the draft resistance increases. For reliable work in dense loamy soils
its optimum value is approximately 30° (28...32°).
Increasing the inclination of the horizontal generatrix causes decrease in the
draft resistance caused by the weight of soil and adhesion forces but it
increases the resistance caused by the inertia forces, particularly at higher
speeds. In loamy soils, when the speed increases from 1 to 3 m s, the
optimum value of the inclination angle of the horizontal generatrix, which
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10.

11.
12.

gives the minimum draft resistance find out of the lifting surface, decreases

from 50° to 25°.

The resistance of the supporting surfaces of the plough body may reach

25...30% of the total draft resistance of the plough body, or 42...54% of the

draft resistance of its lifting surface.

The draft resistance of the plough body is considerably affected by the

friction resistance of the soil-metal surface. It may reach 50...60% of the

entire draft resistance including the resistance of the supporting surfaces

(25...30%). By increasing the inclination angle of the horizontal generatrix

and the working speed, the proportion of the draft resistance in the total

resistance of the plough body decreases.

The most significant ways how to decrease the friction resistance and the
total draft resistance of the plough body would be the development of a more
rational design of the body with optimum parameters, decreased reaction
values of the supporting surfaces, the use of antifrictive materials and the
replacement of the sliding surfaces with mobile ones, the work at an optimum
speed.

The specific draft resistance of the plough body depends on its working

width. Increasing the working width of the plough body from 30 cm to 50 cm,

the working width of the mouldboard share remaining constant, the specific
ploughing resistance decreases by 8...10%. The fuel consumption and costs
decrease correspondingly, and the labour efficiency increases. Therefore,

when reversible ploughs are used, it is recommended to work with a

maximum working width of its bodies, if necessary, at an insufficient tractor

power, reducing the number of plough bodies.

The experimental investigations into the soil sliding resistance allow drawing

the following conclusions:

o The sliding resistance of wet soils along a rough steel surface decreases
with the increase in the speed of sliding.

e The sliding resistance of dry soils along a rough surface remains constant
when the speed of sliding changes. If the soil contains stone particles
which scrape the surface, the sliding resistance may increase when speed
increases.

o The sliding resistance of wet soils along a rough steel surface depends on
the specific pressure between the surfaces. It decreases when pressure
grows, asymptotically tending to the marginal value.

e Variations in the sliding resistance of wet soils depending on the specific
pressure between the surfaces corresponds to the character of hyperbolic
regression. By using the method of least squares the values of the friction
coefficient and the specific adhesion force of these soils are determined.

Experimental investigations confirm the results of the theoretical research.

The optimum parameters of the plough body for the work at a speed of

2..3ms" are:
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e the inclination setting of the ploughshare in relation to the bottom of the
furrow is 28°...32°;

o the inclination of the horizontal generatrix in the lower part of the plough
body is 34°...38°, in the upper part is 45°...48°;

o the working width of the plough body is 45...50 cm;

e the radius of the concave mouldboard is 480...520 mm.

13. The use of helicoidal plough bodies having optimum parameters ensure the
quality of ploughing, reduce the draft resistance by 12...20% increasing
correspondingly labour efficiency, decreasing the fuel consumption and the
costs of ploughing.
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