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DARBA AKTUALITATE

Lauksaimnieciba plasi izmanto traktorus, kuri ir agregatéti ar uzkarinamam
masinam un smagsvara augsnes apstrades darba rikiem. Traktoragregatu kustiba
to hidrauliskas sisteémas izpilda darba riku uzkares funkcijas. Lauku un celu
virsmas reljefa izraisitds svarstibas rada palielinatas spiediena svarstibas
hidrauliskaja sisttma un ierobezo traktoragregata kustibas atrumu transporta
rezima. Parbraucienos no lauka uz lauku tiek patéréts pat Iidz 10 % no visa darba
laika diena (Kyxap, 2006). Lauku apstaklos parsvara sastopami grunts celi un
biezi kravas japarvada pa nelidzeniem celiem, pa tirumiem, plavam, meziem, kur
traktoragregatu kustibas atrums neparsniedz 8 — 15 km h™ (Haratkuna, 1984).
Uz deform&jama seguma celiem (8kembas, grants, grunts) atkariba no seguma
pretestibas vertikalai slodzei un kustibas intensitatei celu nelidzenumu augstums
(10-12mm) wun garums (5—-8m) wvar svarstities plasas robezas
(Pommers, Liberts, 1985).

Sis traktoragregata svarstibas ierobezo kustibas atrumu transporta reZima
gan uzkares sistémas izturibas nosacijumu, gan apgritinatas vadamibas dél,
tapeéc aktuali ir kustibas atruma palielinaSanas un spiediena amplitadu
samazinasanas iesp&ju petijumi.

Hidrauliskas sistemas spiediena pulsacijas, agregatu vibracijas, parejas
procesi (parslégsana, ieslégSana vai stknpa atslég8ana) un hidrotriecieni, kas
veidojas hidrosistému ekspluatacija, pastiprina mehanismu nodilumu, daudzkart
palielina ieks€jo korod€Sanas procesu atrumu, sekm& materialu nogurumu
spriegumu koncentracijas vietas (metinatas Suve€s, aizbaznu vietas u.c.), ka
rezultata veidojas avarijas situacijas. Vairak neka 70% no hidrosistémas
atteikumiem saistiti ar hidrodinamiskajiem procesiem (SIckenstun, 2008).
Palielinatas hidrauliska darba Skidruma spiediena svarstibu amplitiidu vértibas,
kas daudzkart parsniedz nominalo darba spiedienu, lidzvertigi hidrauliska
trieciena ietekmei. Hidraulisko triecienu rezultata, veidojas plisumi caurulvados,
kuru ilgizturiba ir atkariga no spiediena maksimalo veértibu un sagrauSanas
spiediena attiecibas (Tpakropsr..., 1986).

Moderno traktoru (pieméram, Claas Ares) hidrauliskas uzkares sistemas
tiek aprikotas ar aktivajam svarstibu slapg€Sanas sisttmam, kuru darbiba
pamatojas uz hidrosist€mas spiediena un augsnes apstrades agregata pozicijas
nepartrauktu izmainu korigé$anu attieciba pret traktora korpusu transporté$anas
rezima. Sada tipa svarstibu slapétaju uzstadisana agrak razoto traktoru
hidrauliskajai sisteémai nav iesp&jama bez elektroniskas vadibas sist€mas.

Apskatitajos literatliras avotos nav konstatgti petijumi par dazado smagsvara
darbariku brivajam svarstibam hidrauliska uzkarg pret traktora korpusu, saistiba
ar visa traktoragregata svarstibam. Nepietickami pétitas spiediena svarstibu
amplitidas traktoragregata uzkares sisttma transporta rezima un spiediena
svarstibu amplitidu samazinaSanas iesp&jas. Nav eksperimentali novertetas
pasivas uzkares svarstibu slap&Sanas sisteémas salidzinajuma ar aktivajam uzkares
svarstibu slap&sanas sistemam.
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Promocijas darba tiek analizéti hidrauliskas sistemas spiediena svarstibu
ierosmes procesi un to amplitiidas samazinasanas iesp&jas modernajos traktoros,
kuru hidrauliska uzkares sistéma aprikota ar aktivo spiediena svarstibu
slapeSanas sisttmu un ar1 traktoru uzkares sist€mas bez aktivajiem svarstibu
slapetajiem.

Petfjumi, kas atspogulo traktoragregata hidrauliskas sistémas spiediena
svarstibu amplitidu samazina$anas iesp&jas, ir aktuali, jo izstradatas
rekomendacijas var paildzinat traktoru hidrauliskas sistémas elementu darbmuizu,
uzlabot traktoru vadamibu, brauk$anas komfortu un palielinat kustibas atrumu
traktoragregatu parbraucienos.

PETIJUMU OBJEKTS, HIPOTEZE, MERKIS UN
UZDEVUMI

Pétijjumu objekts - traktoragregats, kam tiek pétita kustibas atruma un cela
seguma negludumu ietekme uz darba Skidruma spiediena svarstibu amplitiidu
vertibam hidrauliskaja uzkare.

Pétijumu hipotéze — transporta rezZima darba Skidruma spiediena svarstibu
amplitida traktoragregatu hidrauliskaja uzkares sist€éma ir atkariga no uzkarinata
augsnes apstrades darba rika masas, tas sadalfjuma, cela negludumu un kustibas
atruma ietekmes. Darba skidruma spiediena svarstibu amplitidu samazinasana
hidrauliskaja uzkares sisttma samazina visa traktoragregata svarstibas,
nodro§inot lielaku hidrosistémas darba muzu, traktora kustibas atrumu un labaku
vadamibu transporta rezima.

Pétijumu meérkis — izpétit metodes maksimalo darba skidruma spiediena
vertibu noteikSanai un samazinaSanai hidrauliskajas uzkares sist€émas
traktoragregatam parvietojoties transporta reZima.

Pétijumu uzdevumi

e Teorétiski noteikt traktoragregata vertikalas svarstibas stradajot
transporta rezima un atbilstosas darba Skidruma spiediena svarstibas
hidrauliskaja uzkares sisteéma.

e lzstradat traktoragregata vertikalo svarstibu matematisko modeli un
veikt svarstibu modelgSanu.

e Eksperimentali izpétit darba Skidruma spiediena svarstibas hidrauliskaja
uzkares sistéma traktoragregata transporta rezima.

e Novertet eksperimentalo pétijumu atbilstibu modeleésana iegitajiem
rezultatiem.

e Uz teoretisko un eksperimentalo petijumu bazes izstradat metodi darba
Skidruma spiediena svarstibu amplitidu samazinasanai traktora
hidrauliskaja uzkares sisteéma.

e Parbaudit un novertét rekomendeto metodi hidrauliskas uzkares sistemu
pilnveidosanai.



PETIJUMU METODES

Darba izmantotas analizes, sint€zes, modeléSanas, prognozeSanas,
eksperimenteSanas  (celizmégindgjumu un laboratorijas), statistiskas un
ckonomiskas noveérté$anas p&tijumu metodes.

AIZSTAVESANAI IZVIRZITAS TEZES

1. Izveidotais matematiskais modelis dod iesp&ju prognozet traktoragregata
hidrauliskas uzkares sisttmas darba Skidruma spiediena svarstibas
transporta reZima.

2. Traktoru aprikojot ar dazadi ladétiem hidroakumulatoriem ir iesp&jams
parvietoties ar lielakiem kustibas atrumiem pie ta paSa hidrosist€mas
spiediena svarstibu amplitidu ITmena, Salidzinajuma ar aktivo svarstibu
slapésanas sisteému.

3. lzveidotais traktoragregata svarstibu modelis programma Working Model
2D transporta reZimam nodroSina cela iedarbes, ritenu un hidrocilindra
stinguma un slapéSanas koeficientu modeléSanu, lai noskaidrotu
hidrocilindra speka un darba Skidruma spiediena vertibas parvietojoties ar
dazadu atrumu pa profiletu negludumu celu.

4. Izstradata izméginajumu metodika svarstibu eksperimentalajiem pétijjumiem
uz profilétu negludumu cela ir izmantojama traktoragregatu hidrosistémas
darba Skidruma spiediena svarstibu amplitidu noteikSanai pie dazadiem
kustibas atrumiem, noslodz&€m uz hidrosistému un riepu spiedieniem.
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DARBA ZINATNISKA NOVITATE UN PRAKTISKAS
IZMANTOSANAS IESPEJAS

Izveidots originals matematiskais modelis, kas piemérots trispunktu uzkares
hidrosisttmas darba Skidruma spiediena svarstibu amplitidu vertibu
noteik$anai un samazinasanai, traktoragregatam stradajot transporta rezima.
Izstradats traktoragregata vertikalo svarstibu modelis programma Working
Model 2D uzkares sistémas spiediena svarstibu modeléSanai, atkariba no
cela seguma negluduma, ritenu un hidrocilindru Stinguma un slap&Sanas
koeficientiem un kustibas atruma, rezultata iegastot hidrocilindra attistita
spéka un darba Skidruma spiediena vértibas.

Izstradata eksperimentalo pétijumu metodika traktoragregatu trispunktu
uzkares hidrosistémas darba Skidruma spiediena svarstibu amplitiidu
noteikSanai Uz grunts un profiléta negludumu cela.

Teorétiski un eksperimentali noskaidrota traktoragregata trispunktu uzkares
hidrosistemas spiediena svarstibu amplitidu vertibu izmaina pie dazadiem
kustibas atrumiem, riepu spiedieniem, noslodzes uz uzkares sisttmu un cela
negludumu iedarbes.

Teorétiski un eksperimentali pieradits, ka traktoragregata uzkares
hidrosistémas elastibas raksturliknes izmaina, aprikojot hidrosistemu ar
dazadi ladetiem hidroakumulatoriem, nodroSina hidrosistémas maksimalo
spiediena vértibu samazinaSanu salidzinajuma ar aktivajam spiediena
svarstibu slapésanas sistEtmam.

Eksperimentali pieradits, ka traktora hidrauliskas uzkares sist€émas
aprikoSana ar dazadi ladétiem hidroakumulatoriem ir rekomendgjama drosai
hidrosistémas ekspluaticijai pie kustibas atrumiem lidz 30 km h™.



7. Eksperimentali noteiktas noslogota un nenoslogota traktora degvielas
patéripd pie kustibas atrumiem 3—30 kmh™, kas lauj novertét iegiito
ekonomisko efektu no traktora hidrauliskas uzkares sistémas parbiives un
kustibas atruma palielinaSanas parbraucienos no lauka uz lauku.

1. TEORETISKIE PETIJUMI

Teorétiskie petijumi izriet no promocijas darba pirmaja nodala izvirzitajiem
darba uzdevumiem. Teoretisko pétijumu mérkis ir noteikt traktoragregata
vertikalas svarstibas, transportéjot smagsvara augsnes apstrades darba rikus, un
to ietekm& raduSas uzkares darba Skidruma sistemas spiediena svarstibas.
Izstradats traktoragregata vertikalo svarstibu matematiskais modelis, uzkares
sisttmas darba Skidruma spiediena svarstibu amplitidu noteikSanai atkariba no
cela seguma negluduma, riepu un hidrauliskas sist€mas elastibas un slap&sanas
parametriem un kustibas atruma. ModeléSana izmantota programma
Working Model 2D (WM 2D) analizgjot traktoragregata svarstibu ietekmi uz
spiediena vértibam traktora hidrauliskaja uzkares sisteéma.

1.1. Traktoragregata svarstibu modela izvéle

Traktoragregata transporta reZima ta uzspiesto vertikalo svarstibu galvenais
iemesls ir cela negludumi. Svarstibu intensitati nosaka cela virsmas mikroprofils,
traktora kustibas atrums, ta aprikojums un atseviSkO agregatu vai sist€mu
Ipasibas. Traktoragregata sanskats ir attelots 1.1. attéla.

1.1. att. Traktoragregata sanskats / Fig. 1.1. Side view of the tractor aggregate:
1 —traktors / tractor Claas Ares 557 ATX; 2 — uzkares sist€émas hidrocilindrs / hitch-
system hydrocylinder; 3 — trispunktu uzkares sistéma / three-point hitch-system;
4 — Lemken kultivators / cultivator; 5 —Lemken gumijas rullis / ruber ring roller.

No analizétajiem transportlidzeklu svarstibu modeliem (Robson, 1979;
Williams, 1997; Yang, Suematsu, Kang, 2001; Moran, Nagai, 1994; Vetturi ect.,
1996; Campos ect., 1999; Chalasani, 1986; Elbeheiry ect., 1999) var secinat, ka
lai analiz€tu traktora un tam uzkarinata augsnes apstrades darba rika vertikalas
svarstibas transporta rezima ieteicams izmantot transportlidzekla sanskata
modeli. Ta struktiira ir rti izmantojama traktoragregata vertikalo un lenkisko
svarstibu petjumos.



Teorégtiskajos pétljumos traktoragregats tiek nomainits ar vienkarSotu
sanskata modeli, kas ir ekvivalents realai sisttmai. Matematiskais modelis ir
veidots traktoram, kas aprikots ar augsnes apstrades darba riku. Izstradajot
modeli nepiecieSams nemt vera tos traktoragregata elementus, kas ietekmé ta
gaitas laidenumu un svarstibas: neatsperotas masas, ietverot riepu Ssvaru,
stingumu, slap&sanas Tpasibas un uzkares agregata masas, hidrauliskas uzkares
elastibas un slapeSanas pasibas. Traktoragregata sanskata modelis sastav no
korpusa, dubultiem riepu parametriem un uzkarinata augsnes apstrades darba
rika. Par traktoragregata svarstibu ierosmi tiek izmantots profiléts negludumu
cels. Lai izveidotu sanskata vienkarSoto matematisko modeli, nepiecieSams veikt
traktoragregata trispunktu hidrauliskas uzkares mehanisma mezglu kinematiskas
shémas analizi.

1.2. Traktoragregata hidrauliskas uzkares sisttmas mehanisma
kinematiskas shémas analize

Petijumos ietverta traktora trispunktu uzkares sist€éma apliikota ka plaknes
sisttma. Uzkares sistéma analizéta divas dimensijas, nosakot uz uzkari
darbojosos vertikalo speku geometrisko izvietojumu un veicot speku aprékinus.

Traktora trispunktu uzkares sist€éma sadalita aprékinu mezglos, kas atvieglo
turpmakos aprékinus. Kopgja hidrauliskas uzkares mehanisma un augsnes
apstrades darba rika kinematiska shéma att€lota 1.2. attéla.

1 2 F 3

1.2. att. Traktora hidrauliskas uzkares sistémas uzkares mehanisma un rika
kinematiska shéma / Fig. 1.2. Kinematic scheme of tractor hitch-system mechanism
and implement:
1 — cel$anas svira / lifting arm; 2 — regul&jams centralais stiepnis / upper link
(changeable); 3 — augsnes apstrades darba riks / soil cultivation implement;
4 — regul&jamais stiepnis / lift rod (changeable); 5 — vilktna svira / the lower link;
6 — hidrocilindrs / hydrocylinder; 7 — balsts / support.

Hidrauliskas uzkares sist€émas hidrocilindra speku Fc nosaka no lidzsvara
vienadojumiem pacelta pozicija. Darba Skidruma Spiediena vértiba hidrocilindra,
ignorgjot berzi, noteikta p&c sekojosas sakaribas:
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R, (L1)
A
kur p - darba $kidruma spiediens hidrocilindra kamera, Pa;
F. — sp€ks uz hidrocilindru, N;
A —hidrocilindra virzula laukums, m%

p:

Svarstibu dinamiska mode]a sastadiSanai tiek reduc@tas uzkares mehanisma
un augsnes apstrades darba rika inerces ipasibas uz celSanas sviru, kuru balsta
hidrocilindrs. Ta ka uzkares sisttmas mehanisma dazu locek]u masas ir niecigas,
salidzinajuma ar augsnes apstrades darba rika masu, tad reducg tikai augsnes
apstrades darba rika un vilktpu inerces momentus un masas, atbilstosi
1.2. att€lam, uz celSanas sviru:

2 2 2
| jac =|1+m3-(v35J +|3[“’3J +|5-(“’5] , (1.2)
) ) )

kur m; —i-ta locekla masa, kg;
V; —i-talocekla atrums, m st
J; —i-ta locekla inerces moments, kg m?;
w; — i-ta locek]a lenkiskais atrums, s™.

Rezultata tiek iegiita vienkarSota augsnes apstrades darba rika un
hidrauliskas uzkares stiepnu sisteémas kinematiska shéma (skat. 1.3. att.).

1.3. att. VienkarSota uzkares sistémas kinematiska shéma /
Fig. 1.3. Kinematic scheme of simplified hitch-system:
1 — vienkarSotas sistémas celSanas svira / lifting lever of simplifield system; 2 — balsts /
support; 3 — hidrocilindrs / hydrocylinder.

Lai izmantotu augsnes apstrades darba riku, ka traktoragregata svarstibu
slapétaju un vienlaicigi samazinatu spiediena svarstibu amplitidu vértibas
hidrauliskaja sistéma, nozimiga ir brivo svarstibu frekvence augsnes apstrades
darba rikam attieciba pret traktora korpusu.
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Sviras kustibas vienadojums pie mazam un brivam svarstibam uzrakstams
pec sekojosas sakaribas:

ly-@+C-12-gp-cos® p+Kk-12-p-cos? p =0, (1.3)

kur lo — inerces moments pret punktu O, kg m?;
¢ —slapesanas koeficienta vértiba, N s m™;
ke — hidrocilindra stinguma koeficients, N m™.

Ta ka pie mazam svarstibam lenka ¢ izmainas ir nelielas, piepemam, ka
cos? ¢ = const un apzim&jam:

c-1¢-cos’p=C, (1.4)
k. -12-cos’ p =K.
Tad iegtstam:
lg-p+C-p+K-p=0. (1.5)

Atbilstosi lenkiska frekvence w; celSanas svirai (sk. 1.3. att.), svarstoties bez
slap&sanas, pret nekustigu traktora korpusu ir:

o= (16)

No formulas (1.6) izriet, ka lenkisko frekvenci traktoragregata uzkares
sviras brivajas svarstibas pret traktora korpusu transporta pozicija viennozimigi
nosaka hidrocilindra stinguma koeficients un uz sviru reducgtais uzkares
sisteémas un apstrades rika inerces moments.

Aptuvena hidrocilindra stinguma koeficienta vertiba izsakama péc
sekojosas sakaribas:

K =2F (17
AX
kur AF —hidrocilindra spéka izmaina, N;

Ax —hidrocilindra kata parvietojums, m.

Slapésanas koeficienta ¢ un stinguma koeficienta k. vertibas ir atkarigas no
uzkares hidrocilindra virzula kustibas un ellas saspieZamibas hidrauliskaja
sistéma. Jo mazaka hidrosistémas stinguma koeficienta k, vértiba, jo niecigaka
speka izmaina AF un atbilstosi spiediena izmaina hidrocilindra.

Speka AF izmainas vertiba var tikt iegiita aprekinu vai eksperimentu
rezultatd. Sp&ka jeb hidrocilindru noslodzes veértiba ir atkariga no traktoram
uzkarinata augsnes apstrades darba rika pozicijas. Parvietojums Ax ir vienads ar
hidrauliskas sistémas hidrocilindra virzula parvietojumu pie spiediena impulsa.
Parvietojums atkarigs no hidrocilindra ellas tilpuma un caurulvada tilpuma
kopgjas izmainas AV.

Petjjumos konstatéts, ka traktora hidrauliskajas sisttemas biezi vien ir
12 — 15 % neizskidusa gaisa, kas var samazinat tilpuma elastibas moduli vairak
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ka divas reizes. Tados gadijumos atbilstosi ir jakorigg elastibas modula E un E,,
vertibas (JlaBkwuc, 1990). Tad kopéja traktora hidrauliskas uzkares sistémas
hidrocilindru un lokano caurulvadu stinguma koeficienta k; vértiba att€lojama
sekojosi:

k- 7D (18)
C V L]
16 Vfo_i_ 0,c.v.
E EC.V.
kur D — hidrocilindra diametrs, m;

Vo un V¢, — hidrocilindra un caurulvadu tilpums, m®;
E un E., - hidrocilindra un caurulvadu elastibas modulis, kPa.

Traktoragregatam ar uzkarinatu augsnes apstrades darba riku, svarstoties
cela negludumu ietekmé, spiediena svarstibu amplitidu vértibas uzkares
hidrosisttma ir jo lielakas, jo lielaks ir hidrosistémas stingums (elastibas
modulis).

Augsnes apstrades darba riks var tikt pielidzinats fizikalam svarstam ar
kustigu uzkares punktu. Sada svarsta kustiba aprakstita svarstveida vibrografa
teorija (Hukomaun, 1950). No tas izriet, ka svarsta brivo svarstibu frekvencei ir
jabut vairakkart mazakai par uzspiesto svarstibu frekvenci, lai vibrografa
pagriezes lenkis biitu proporcionals uzkares punkta vertikalam parvietojumam.
Tapéc, lai traktoragregata svarstibas celu negludumu ietekmé augsnes apstrades
darba riks saglabatu nemainigu stavokli pret cela virsmu, ir janodro§ina ta
frekvence brivajas svarstibas pret traktora korpusu vismaz Cetras reizes mazaka
par uzspiesto svarstibu frekvenci. Vid€jam transporta rezima kustibas atrumam
robezas no 10 km h™ Iidz 15 km h™, un pie nosacijuma, ja traktors parvietojas pa
profilétu negludumu cela segumu ar soli 2 metri, uzspiesto svarstibu lenkiska
frekvence biis robezas no 8.73 lidz 13.09 s, Atbilstosd nepieciesama brivo
svarstibu frekvence pret traktora korpusu augsnes apstrades darba rikam ir
jasamazina lidz ~ 3 s™.

Samazinot traktoragregata uzkares sviras un augsnes apstrades darba rika
frekvenci brivajas svarstibas pret traktora korpusu, ir jasamazina hidrosisteémas
stingums, kam atbilst attiecigi mazakas darba Skidruma spiediena svarstibu
amplitddu vertibas hidrauliskaja sisttma. No §is teorijas izvirzita hipoteze
spiediena svarstibu amplitidu samazinasanai traktoragregata uzkares sist€éma:
samazinot hidrosistémas stingumu (elastibas moduli) var samazinat spiediena
pieaugumu hidrauliskaja uzkares sistéma traktoragregata transporta rezima. Lai
ierobezotu apstrades rika lenkisko parvietojumu attieciba pret traktora rami ir
rekomend€jama nelineara stinguma raksturlikne hidrauliskajai sist€mai.
Samazinat hidrosistémas stingumu un iegit nelinearu raksturlikni iesp&ams, ja
pievieno hidrauliskajai sistémai hidroakumulatorus.

No negludumu ietekmes hidrocilindrs parvieto ellas plismu uz
hidroakumulatoriem. Aprikojot traktora hidraulisko uzkares sistému ar
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hidrauliskajiem akumulatoriem, spiediens p tajos palielinas p&c Boila-Mariota
likuma (Radzins, Zars, 1964; Dirba u.c., 1980):

k
V' p =const, (1.9)

kur Vg — gazes tilpums, m®;

k — politropas pakapes raditajs.

Ta ka tilpuma izmaina hidroakumulatora un spiediena izmaina hidrosistéma
saistiti ar nelinearu sakaribu, tad stinguma koeficienta vertiba ir mainiga un
atkariga no hidrocilindra kata parvietojuma. Piecaugot spiedienam, ellas tilpums,
kas iepliist hidroakumulatora aizvien samazinas, tap&c atbilstosi palielinas
stinguma koeficienta vértiba hidrauliskajai uzkarei. ST ipasiba ir noderiga, jo
ierobezo galigo hidrocilindra kata parvietojumu svarstibu procesa.

Apréekinot hidroakumulatoru uzlades spiedienu un to skaitu pie izvéleta
tilpuma, atkariba no nodro§inama stinguma koeficienta K¢, hidrocilindra un
hidrolinijas ellas saspieZamiba ir ignoréta. Teortiski pienemts, ka nepiecieSamo
brivo svarstibu frekvenci pret korpusu augsnes apstrades darba rikam 3 s
nodros§ina tikai hidroakumulatori. Aprékinats, ka, lai ierobezotu spiediena
svarstibu amplittidu 150 bar, hidrosist€émai japievieno tris hidroakumulatori ar
uzlades spiedienu 130 bar un tilpumu 0.7 litri.

Vienkar$ota traktoragregata vertikalo svarstibu dinamiskaja modelt
hidrocilindra spéka reakcija izteikta ar momentu M (1.4. att.).

Iy _ I,
—
A Ymi1 [
-\ —e—"_ |17 _____
©
® mz, g
v My, g

1.4. att. VienkarSots traktoragregata vertikalo svarstibu dinamiskais modelis /
Fig. 1.4. The vertical oscillation dynamic model of simplified tractor aggregate
Griezes momenta M darbiba Sarnira punkta O definéta ar lenki ¢, kur speka
F iedarbiba uz uzkares sistémas hidrocilindru tiek izteikta caur griezes momentu
M péc sekojosas sakaribas:

2 g2 122
Mty | -3 el | (1.10)
2Icil.’|9
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VienkarSots traktoragregata vertikalo svarstibu dinamiskais modelis ir
attelots 1.4. attéla. Sis modelis sastav no korpusa, uzkares ar darba riku un divu
ritenu mezgliem. Katrs ritenis ir att€lots ka atsperes un slapétaja elementi, bet to
kop&ja masa ir pievienota traktora korpusa masai. Korpusam vienkarSotais
augsnes apstrades darba riks pievienots viena punkta un uzkares speka reakcijas
izteiktas ar momentu M.

Atbilstosi traktoragregata vertikalo svarstibu dinamiskajam modelim ir
izveidots vertikalo svarstibu matematiskais modelis.

1.3. Traktoragregata vertikalo svarstibu matematiskais modelis

Veicot traktoragregata vertikalo svarstibu modeléSanu ir izveidots
matematiskais modelis. To apraksta vienadojumu sistéma, kas savstarp&ji saista
vertikalos parvietojumus cela negludumu ietekmé ritenu kontakta punktiem ar
korpusa un uzkarinata darba rika parvietojumiem un atbilstoSajiem
dinamiskajiem spekiem.

Lai att€lotu traktoragregata mehaniskas sistémas dinamiku, tiek izmantots
Otras kartas Lagranza vienadojums, (XueMei ect., 2012; Majewski, 2010), kas

definéts sekojosi:

dfoL) oL

V|l AT AT Q!

dt\ oq
kur L ir Lagranza funkcija, kas ir definéta ka visas sistémas kin&tiskas T un
potencialas U energijas starpiba:

L(9,9)=T(a,d)-U(q)

Visparinatas Koordinates y; virziena diferencialvienadojums, atbilstosi

1.4. att€lam, izteikts sekojosi:
d [GL] oL
—|—=|-—= |:l
dt\ oy, ) oy,

I\’ LY 1,
[ml(rj +mz(|2) +I§+I§Jy1+
I\’ | 1 [0 PR PR P
[—mz(rj —mlecos((p+l(yz—y1)j+m1 1|22 ——Ig —I§Jy2+

121 I | 1
+(_sz_1J¢+C1'y1+m1'g'l_mz'g'BCOS((P"'(yz_yl)jz F.

Koordinates Yy, virziena diferencialvienadojums, atbilstosi 1.4. attélam,
izteikts sekojosi:
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s ) Iy 1 L, 1, 1,
-m, | _sz cos (p+|—(y2—y1) +m, TR ¥, +

1Y | 1 LY 1, N
[—mz(;‘j +2m1;‘cos(go+|(y2—yl))+m2(|2j +|§+I§+m2Jyz+

2
"{_ mleB"'mz g 'COS((D"‘:IL(VZ - yl))‘*‘llzjéi‘*‘

oty i, )} 3 o220 -2

| 1 |
'mz'g'IBCOS((""‘I(yz_yl)]+cz'yz+m1'g'|2+m2'g =F,.

Koordinates ¢ diferencialvienadojums atbilstosi 1.4. attélam:

dfay a_y,
dt\o¢ ) O

12 1,). 12 1 ).,
_mz'T_T Yo+ mz'T+m2'|B'COS p+=(y, - V1) +|7 Yo+

. 1
tem 21, em, g, -COS(¢+|(y2—y1)]= M.

Iedarbibas speki F; un F, ir atkarigi no traktoragregata kustibas atruma,
negludumu augstuma, to rakstura un ritenu elastibas un slap&sanas parametriem.
Traktora prieks€jo un pakaljo ritenu iedarbibas speki izteikti péc sekojosam
sakarbam:

F =K.+, G, F=k,-q,+C, 0, (1.11)
kur kqunke, - priek$&jo un pakalgjo ritenu stinguma koeficienti, kN s m™;

CUncy, - priek$€jo un pakalgjo ritenu slapesanas koeficienti, kN m?;

giunq; —prieksgjo un pakal&jo ritenu negludumu vertikala iedarbe;

G, un g, — priek3gjo un pakalgjo ritenu vertikalas iedarbibas atrumi, m st

Traktora ritena kustibu par profilétu negludumu celu apraksta ka sinusoidas
rakstura iedarbi:

g=a,-sin(w-t), (1.12)
kur a, - celanegludumu augstums, m;

o —lenkiska frekvence, s’l;
t —laiks,s.
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Cela iedarbes koordinates uz prieksgjiem un pakalgjiem riteniem izteiktas
sekojosi:

o - 0, ja t<0,unq: Q,Ja t<0_ (1.13)
' |(a-sin(o; - (t+At) t>0 27 la-sin(w; -t) t>0

Uzspiesto svarstibu frekvence wy izsakama:

.2
w, =%, (1.14)
L
kur v — traktora kustibas atrums, m s;
L — negludumu solis, m.

Pie nemainiga cela negluduma sola L, bet ar mainigu traktoragregata
kustibas atrumu Vv, iegiitas dazadas uzspiesto svarstibu lenkiskas frekvences.
Attiecigi pie L =2munv=0.8..3.8 ms™ iegiist w;=2.6...12.0 5.

Lai parbauditu atzinu, ka samazinot hidrosistémas stingumu (elastibas
moduli) var samazinat spiediena pieaugumu hidrauliskaja uzkares sistema
traktoragregata transporta reZima izmanto svarstibu matematisko model&sanu.

1.4. Traktoragregata hidrauliskas uzkares sistémas spiediena svarstibu
modeléSana

Traktoragregata hidrauliskas uzkares sistémas svarstibu modeléSana tiek
veikta péc 1.5. att€la dotas shémas, un ir iedalita attiecigi Cetros etapos. Pirmaja
etapa tiek detalizéti apskatita redla sist€éma. Tad, balstoties uz §im zinaSanam,
tieck izveidots sistémas fizikalais modelis, péc kura lidzibas tiek veidots
matematiskais modelis. Ped&ja etapa péc modela vienadojumiem tiek izstradats
datormodelis, izmantojot Working Model 2D programmu.

B Fizikalais Matematiskais

Ista sistéma / Real - - modelis / Datormodelis /
modelis / Physical ;

System Mathematical Computer model

model model

1.5. att. Modelesanas process / Fig. 1.5. Modeling process

Cela negludumu model&sanai izmantota sinusoidas funkcija. Modelesanas
laika cela negludumu amplitiida ir konstanta un negludumu solis ir vienads ar
cela eksperimentos izmantoto profilétu negludumu celu. Lenkiska svarstibu
frekvence atkariga no traktoragregata kustibas atruma un negluduma sola.

Cela negludumu funkcija programma WM 2D ir nodroSinata ar
parvietojuma elementu palidzibu. Priek$€jo un pakal&o riepu parvietojuma
elementu funkcija programma ievadita izmantojot sakaribas:

g, =b+if (a, -sin(w;, - (t+At)) <0,0,(a, -sin(w;, - (t + At)))),

g, =b+if (a, -sin(w, -t) <0,0,(a, -sin(aw; -1))),

(1.15)

kur b - parvietojuma elementa izejas stavokla vertiba, m;
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g; — prieksgjo riepu parvietojuma elementu funkcija, m;
g2 — pakalgjo riepu parvietojuma elementu funkcija, m.

Hidrocilindru programma WM 2D attglo amortizacijas elements ar stinguma

un slapésanas parametriem. Ari traktora riepas raksturo dubultoti stinguma un
slap&sanas koeficienti, kas tiesa mera atkarigi no agregata kustibas atruma un
riepu spiedieniem.

M Working Model - [kakaSbwm2d]

] File Edit World View Object Define Measure Script Window Help
DEE sBRB(E 2|k 0A L2 D Runb

oo
=
o Properties
=3 Lenkiska frekvence / Frequency
* Constraint(61] - Actustor hd
e
Split Laila nobide / Time offset Type[Lengh =
. = Value [0.251+0.025 sinfinpul[1 20 (trinpul[ 37| ™
==
A -
2@
o o
= |l
O
o3 a
n O
o
& 0
£
B
T Atsperes slipétijs / Spring stiffness Atsperes slapétajs / Spring stiffness Atsperes slipétijs /Spring stiffiness
- W K [ ][ o,
% Atsperes stingums / Spring damper Atsperes stingums / Spring damper Atsperes stingums / Sprin, er

1.6. att. Traktoragregata modelis ar ievades parametru blokiem /
Fig. 1.6. Tractor model in working model software:

1 — kustibas atruma korigéSanas vadibas modulis / driving speed control unit; 2 — cela
negludumu ievades parametru vadibas modulis / road roughness input parameter control
unit; 3 — prieksgjo riepu stinguma un slapésanas koeficientu parametru vadibas modulis /
front tires stiffness and damping input parameter control unit; 4 — pakalgjo riepu
stinguma un slap&sanas koeficientu parametru vadibas modulis / tractor rear tires
stiffness and damping input parameter control unit; 5 — uzkares sistémas hidrocilindra
stinguma un slap&sanas parametru vadibas modulis / hitch-system stiffness and damping
parameter control unit.

Izstradataja modell var noveértet hidrauliskas uzkares sist€mas svarstibu
samazinasanas iespg€jas, mainot hidrocilindra stinguma un slapésanas koeficientu
vertibas, lai samazinatu kopgjas sist€mas svarstibas pie dazada cela negludumu
reljefa un uzkarinata augsnes apstrades darba rika. Ta ka kopgjas traktoragregata
svarstibas iespgjams samazinat, samazinot riepu spiedienu un izmainot
hidrauliskas uzkares sisttmas hidrocilindra slap&sanas raksturlikni, tad ievades
parametru — riepu un hidrocilindra stinguma un slapeSanas koeficientu vértibas,
modeli izveidotas ar iespgju mainit to vertibu model&sanas procesa.

Teorétiska modela darbibas parbaude veikta, lietojot ievades parametrus,
kas atbilst eksperimentalajos p&tjjumos izmantotam traktoram — Claas Ares
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557 ATX un augsnes apstrades darba rikam — Lemken kultivatoram un gumijas
rullim, ka arT vienkar§ota uzkares slogo$anas rika parametriem. Modelgjot
iegiitas spiediena svarstibu amplitidu vertibas abiem modeliem salidzinatas ar
eksperimentu rezultatiem kustiba pa profilétu negludumu celu (skat. 1.7. att.).
Maksimalas darba $kidruma spiediena svarstibu amplitidu vértibas traktora
hidrauliskaja uzkares sistéma sakotngja modelé$ana ir pie kustibas atruma
7.8 km h™' un sasniedz 215 bar, bet pie ta pasa kustibas atruma sasniedz 212 bar,
ja tiek izmantots vienkarSotais modelis.

220

g ,;,/:. ‘?.\
2200 e
8 //l \‘ N
o / "N
- /|4 s /A/q\o
%) i/ N
2 :
3 | e
a N N K S~o
%) " i

« | =

<[
3 4 5 6 7 8 9 10 11 12 13 14

Kustibas atrums , km h-1/ Driving speed, km h-1

--e--  Spiediena izmaina sakotngja modeli/ Pressure changes in primeval model

-m- Spiediena izmaina vienkarSotaja modeli/ Change of pressure in simplified model

—e— Spiediena izmaina profiléta negluduma cela izméginajumos / Change of pressure in experiments on
profiled ruggedness road

1.7. att. Spiediena vid€jas veértibas traktora uzkares sistémas hidrocilindra /
Fig. 1.7. Pressure average values in the hydraulic cylinder of the tractor hitch-system
Starpiba starp eksperimentalajiem un modeléSanas rezultatiem ir robezas no
2 lidz 10%. ST starpiba var veidoties riepu stinguma un slap&sanas parametru
neatbilstibai modeléSana un turpmakajos izméginajumos var tikt novérsta. Tadgl
traktoragregata modeléSana programma WM 2D ir rekomendéta darba Skidruma
spiediena svarstibu amplitidu pétjjumiem, izmainot hidrauliskas sisteémas
parametrus.

2. EKSPERIMENTALIE PETIJUMI

Eksperimentali tika noteikta traktoragregata hidrosistémas spiediena
svarstibu amplitidu izmaina atkariba no kustibas atruma, cela negluduma un
spiedieniem riepas. Tika noteiktas darba Skidruma spiedienu samazinasanas
iespgjas traktora hidrauliskaja uzkares sist€ma, izmantojot pasivas un aktivas
spiediena svarstibu amplitiidu samazinaS$anas metodes. Eksperimenti tika veikti
uz profiletu negludumu cela pie kustibas atrumiem no 3 lidz 14 kmh™, lai
nodros§inatu  vienadus ierosmes nosacijumus dazadiem traktoragregata
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hidrauliskas uzkares sistémas stinguma un slapéSanas parametriem. Lielakam
kustibas atrumu diapazonam 7.8 — 30 km h™ eksperimenti veikti pa grunts cela
segumu, un hidrosistémas uzkares slogoSanai izmantots izveidotais uzkares
slogo$anas r1ks ar mainamu atsvara poziciju. Degvielas paterins tika noteikts, lai
novertetu traktoragregata palielinata transporta atruma ekonomisko ieguvumu,
izmantojot rekomendétas uzkares hidrauliskas sist€émas izmainas.

2.1. Eksperimentu metodikas izstrade

Izstradata eksperimentu metodika paredz traktora un tam uzkarinata augsnes
apstrades darba riku testéSanu, lietojot LLU TF MI hidrauliskas laboratorijas un
Spekratu institiita traktoru un automobilu tehniska servisa laboratorijas tehnisko
aprikojumu. Sada izméginajumu metodika nepieciesama, lai biitu iesp&jams
salidzinat dazadu eksperimentalo testu rezultatus, kas iegtti dazados laika
periodos, izmantojot atSkirigas hidrauliskas sist€mas regul&jumus un atSkirigas
noslodzes uz traktora uzkares sist€ému, vai pat veicot eksperimentus ar dazadiem
traktoriem. Eksperimentalo testu shéma attélota (skat. 2.1. att.).

TRAKTORAGREGATA HIDRAULISKAS UZKARES SISTEMAS
DARBA SKIDRUMA SPIEDIENA SVARSTIBU PETIJUMI / INVESTIGATION OF TRACTOR AGGREGATE HYDARULIC
HITCH-SYSTEM FLUID PRESSURE OSCILLATION

¥

Uz lauka cela veiktie testi / Test performed on farm road | |

¥

Traktoragregata konstanta kustibas atruma testi pie riepu spiedieniem 0.8 un 1.2 bar, ja hidrauliska uzkares sistéma aprikota ar /
Tractor constant driving speed at tire pressure 0.8 and 1.2 bar, if hydraulic hitch-system is equiped with

Uz profiléta negluduma cela veiktie testi / Tests performed on
profiled ruggedness road

................................................ )
E 7.8,13.5,20 un 1| slogosanas riku un atsvaru augsnes apstrades E E
! 30 km h1/ i (pozicija B) / loading dfrba ﬁk]"l <ol i 3-137kmht/ :
H 7.8,135,20 and ! implement and weight cultivation implement |+ 3-13.7kph H
H 30 kph : (position B) P H -
P A
E ‘E é i[ sTogosanas riku un atsvara slogosanas riku un atsvaru : é % E
+ 2% 178,135,20un ' (pozicija B) un D e 22
. o [ _ -1 » S
' 25 [30kmht/ H hidroakumulatoriem / (pfmcua ABC)/ Io_adlng ' 3-13.7kmh/ Eo :
122 ' o . implement and weight | ¢ 3-137kph| = g 4
1 £ 8 |78,13520and ' loading implement, weight (position AB,C) H £
E = 2 |30kph 1| (position B) and hydraulic P = ' = o
1SS ' accumulator = = 2£0
123 ] slogosanas riku, atsvaru |} T2
125 H degvielas patérina (pozicija A,B,C) un H Ef=l
] N A ' N '
H km b/ + | mérfjumi (parnesumi no C3 hidroakumulatoriem / ¢ 78un13.7kmhl/ '
H :g - ggg k”;] E lidz D6) / fuel consumption loading implement, weight |4 7.8 and 13.7 kph H
E 6= 365kp t| experiments (gears from (position A,B,C) and H H
H H C3 to D6) hydraulic accumulator |4 E
Leceeeosssssssssssssss 3 tesssssssessseseeRannnnan '

2.1. att. Traktora uzkares hidrosistémas darba §kidruma spiediena svarstibu testu
blokshéma / Fig. 2.1. The block scheme of pressure oscillation for the tractor hitch-
system

Ka redzams no 2.1.att€la traktora hidrosist€émas spiediena svarstibu
petijumi var tikt realizeti gan grunts cela apstaklos, gan arTl uz profiléta
negluduma cela. Izstradajot $o izméginajumu metodiku, apskatitas abas iespgjas.
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2.2. Traktoragregata trispunktu uzkares hidrosistémas darba Skidruma
spiediena svarstibu pétijumi

Traktora Claas Ares 557 ATX hidrosistémas spiediena izmainu testé$ana
izveleti devini konstantas kustibas atrumi no 3 Iidz 14 km h™. Katra konstanta
atruma testa ilgums atkarigs no traktoragregata kustibas atruma. Lai nodroSinatu
konstantu kustibas atrumu traktora motora klokvarpstas rotacijas frekvenci ar
rokas vadibas sviru ieregulé atbilsto$a pozicija un tiek ieslégts atbilstosais
parnesums.

Traktora hidrosisteémas spiediena svarstibu amplitidu vertibas pie dazadiem
riepu spiedieniem un kustibas atrumiem att€lotas 2.2. un 2.3. att€los. 2.2. attela
raksturliknes, kas iegiitas traktoragregatam parvietojoties pa profilétu negludumu
celu ar kustibas atrumu lidz 5 km h™, pie riepu spiediena 1.2 bar, traktoragregita
vadamiba laba un hidrosistémas spiediena svarstibu amplitidu vidgjas vértibas
svarstijas robezas no 140 — 170 bar. Palielinot traktoragregata kustibas atrumu no
5—8km h™, spiediens uzkares sistéma palielindjas un sasniedza 210 bar pie
kustibas atruma 7.8 km h™. Pie § kustibas atruma traktoragregata vadamiba
pasliktinajas un tika novérots, ka prieksgjie riteni atraujas no cela seguma un
traktoragregats paliek nevadams.
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2.2. att. Traktoragregata hidrauliskas uzkares sist¢émas darba Skidruma maksimalas
spiediena svarstibu amplitidu vidéjas vertibas, ja gaisa spiediens riepas ir 1.2 bar /
Fig. 2.2. The maximum average pressure oscillation in the hydraulic cylinder of the
tractor hydraulic hitch-system at tire pressure 1.2 bar

Spiediena Iikne (skat. 2.2. att.) raksturo darba $kidruma spiediena izmainu
hidrosistéma pie riepu spiediena 1.2 bar: ja netiek izmantots hidrauliskas uzkares
sistémas aktivais svarstibu slapétajs, tad hidrosistémas maksimalas spiediena
svarstibu amplitidu vidgjas vertibas sasniedz 210 bar, bet, ja aktivais svarstibu
slapetajs tiek izmantots, samazinas Iidz 180 bar.
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Samazinot traktoragregata riepu spiedienu no 1.2 lidz 0.8 bar
(skat. 2.3. att.), hidrosistémas maksimalas spiediena svarstibu amplitidu vertibas
sasniedz 185 bar, bet pie ta paSa riepu spiediena, izmantojot aktivo svarstibu
slapetaju, neparsniedz 165 bar.
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2.3. att. Traktoragregata hidrauliskas uzkares sist¢émas darba Skidruma maksimalas
spiediena svarstibu amplitidu vidéjas vértibas, ja gaisa spiediens riepas ir 0.8 bar /
Fig. 2.3. The maximum average pressure oscillation in the hydraulic cylinder of the
tractor hydraulic hitch-system at tire pressure 0.8 bar

Maksimalie darba $kidruma spiedieni, kas novérojami pie kustibas atruma
7.8kmh' un riepu spiediena 1.2 bar, raksturo traktoragregata svarstibu
rezonansi, kad traktoragregata paSsvarstibu frekvence sakrit ar cela negludumu
ierosmes svarstibu frekvenci, Iidz ar to, lai maksimali samazinatu darba
Skidruma spiediena svarstibu amplitidu, nepiecieSams izmainit hidrauliskas
uzkares sistémas parametrus, samazinot traktora korpusa svarstibas un uzlabojot
brauksanas komfortu un agregata vadamibu.

2.3. Hidroakumulatoru izmantoSana hidrosistémas raksturliknes
izmainas pétijumos

Ta ka augsnes apstrades darba riku klasts, to svars un izpildijums ir dazads,
ir izveidots uzkares slogoSanas riks (Skat.2.4.att.), lai novérotu traktora
trispunktu uzkares sisttmas hidrocilindra darba Skidruma spiedienus pie
dazadiem atsvara novietojumiem attieciba pret korpusu. Sakotngji veikti
eksperimenti bez hidroakumulatoru pievienoSanas, bet péc tam izmantojot
hidroakumulatorus ar dazadu uzlades spiedienu. Sajos izm&ginajumos izmantoti
gumijas membranas tipa hidroakumulatori. Pirms hidroakumulatoru uzstadisanas
jaizvélas to novietoSanas vieta, ta lai €rti varétu tiem pieklat un pievadit darba
skidruma plasmu.
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2.4.att. Slogosanas rika novietojums uz traktoragregata uzkares sistémas /
Fig. 2.4. Loading implement on the tractor hitch-system:
1 — atsvars / weight; 2 — paligiekarta / loading implement; 3 — trispunktu hidrauliska
uzkares sistéma / three point hydraulic hitch-system; 4 — traktors / tractor Claas Ares 557
ATX; A, B un C — atsvara novieto$anas pozicijas / position of weight.

Pie dazadiem riepu spiedieniem, atsvara novietojuma (A, B un C) un
kustibas atruma (3 — 13.8 km h™) iegiitas spiediena svarstibu amplitidu vértibu
raksturliknes, kas att€lotas 2.5. un 2.6. attéla.
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2.5. att. Darba Skidruma maksimalo spiedienu vidgjas vértibas traktora
hidrauliskaja uzkares sistéma pie riepu spiediena 1.2 bar un atsvara novietojuma A,
B un C/Fig. 2.5. Maximal average pressure oscillations in the tractor hydraulic hitch-

system at tire pressure 01.2 bar and different weight positions A, B and C

Ja netiek izmantota traktora iebaivéta aktiva spiediena svarstibu slapesanas
sistéma, tad hidrosistémas maksimalais spiediens ir 210 bar, pie kustibas atruma
6.4 kmh, bet, ja aktiva spiediena svarstibu slapésanas sistéma ir izmantota,
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spiediena amplitidu svarstibas samazinas lidz 197 bar, pie ta paSa riepu
spiediena. Pie kustibas atruma 112kmh? un ti pasa riepu spiediena,
hidrosistémas spiediens ir 195 bar. Izvietojot atsvaru pozicija B maksimalais
spiediens hidrauliskaja uzkares sistéma sasniedz 171 bar, pie kustibas atruma
7.8 km h™* un riepu spiediena 0.8 bar, bet pie kustibas atruma 11.2 km h™ un ta
pasa riepu spiediena palielinas lidz 165 bar. Izvietojot atsvaru pozicija A
spiediens hidrauliskaja sisttma visa kustibas diapazona ir robezas no
70 — 80 bar.

Samazinot traktora riepu spiedienu no 1.2 bar lidz 0.8 bar un novietojot
atsvaru pozicija C un, ja netiek izmantota aktiva spiediena svarstibu slapgsanas
sisttma, maksimalas darba Skidruma spiediena svarstibu amplitiidu vértibas
hidrauliskaja uzkares sisttma samazinas par 6.6 %, bet ja aktiva spiediena
svarstibu slapeSanas sisteéma ir izmantota, tad pie tiem paSiem parametriem
samazinas lidz 6.0 %. Novietojot atsvaru pozicija B un, ja netiek izmantots
aktivais spiedienu svarstibu slapétajs, maksimalas darba $kidruma spiediena
svarstibu amplitiidu vértibas traktora hidrauliskaja uzkares sist€éma samazinas par
6.4 %, bet, ja tiek izmantots aktivais spiediena svarstibu slapétajs, darba
Skidruma spiediena svarstibu amplitiida pie tiem pasiem parametriem samazinas
par 6.1 %. Novietojot atsvaru pozicija A un pie tiem paSiem parametriem darba
Skidruma spiediena svarstibu amplitiida samazinas par 25 %.
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2.6. att. Darba $kidruma maksimalo spiedienu vidgjas vertibas traktora
hidrauliskaja uzkares sistéma pie riepu spiediena 0.8 bar un atsvara novietojuma A,
B un C/ Fig. 2.6. Maximal average pressure oscillation in the tractor hydraulic hitch-
system at tire pressure 0.8 bar and different weight positions A, B and C

Vidgjais hidrocilindra kata parvietojums visos eksperimentos bez
hidroakumulatoriem bija robezas no 0.5 lidz 5 mm, kas atkarigs no darba
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Skidruma spiediena hidrauliskaja cilindra un atsvara novietojuma uz uzkares
slogo$anas rika.

Lai izmainitu traktoragregata hidrauliskas uzkares sisttmas slape$anas
raksturlikni un samazinatu hidrauliskas sisttémas darba $kidruma spiediena
svarstibu amplitidu, hidrosistéma ir jaapriko ar dazadi uzlad&tiem
hidroakumulatoriem. Salidzinot ieprieks§€jos rezultatus, kad traktora hidrauliskas
uzkares sist€émas slogo$anai izmantots augsnes apstrades darba riks (Lemken
kultivators un gumijas rullis) ar izveidoto uzkares slogoSanas riku, kam ir
mainama atsvara pozicija, noskaidrots, ka Iidzigaka darba $kidruma spiediena
svarstibu amplitidu izmainas raksturlikne ir ja atsvars novietots pozicija B.

Hidrosistémas maksimalie darba $kidruma spiedieni, kas biitu jasamazina, ir
pie kustibas atrumiem 7.8 un 11.2 km h™%. Traktora hidrauliskas uzkares sistémas
darba Skidruma spiediena svarstibu amplitiidu raksturliknes, pie riepu spiediena
1.2 bar un kustibas atrumiem 7.8 un 11.2 km h, attelotas 2.7. attela.

Maksimalais darba Skidruma spiediena svarstibu amplitidu vértibu
samazinajums pie kustibas atruma 7.8 km h™* ir 14.5%, ja hidrosistéma aprikota
ar trijiem hidroakumulatoriem, kas uzladeti ar spiedienu 130 bar. Sis
samazinajums apstiprina teorctiskaja aprékina iegiito rezultatu par nepiecieSamo
0.7 litri tilpuma hidroakumulatoru skaitu. Pie kustibas atruma 11.2 km-h™ un ta
pasa riepu spiediena iegits lielakais spiediena samazinajums par 9.9 %, ja
hidrosistéma aprikota ar vienu hidroakumulatoru, kas uzladéts ar 130 bar un
diviem ar 150 bar.
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2.7. att. Darba Skidruma spiediena maksimalo amplitiidu vidéjas vértibas traktora
hidrauliskaja uzkares sistéma pie riepu spiediena 1.2 bar un dazadi ladétiem
hidroakumulatoriem / Fig. 2.7. Maximal average pressure in the hydraulic cylinder of
the tractor hydraulic hitch-system at tire pressure 0.8 bar and differently charged
hydropneumatic accumulators

Visos eksperimentos ar uzkares slogoSanas riku un pievienotiem
hidroakumulatoriem hidrauliskaja sisttma uz profiléto negludumu cela pie
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kustibas atrumiem 7.8 un 11.2 kmh™ vadamiba ir apmierino$a un prieksgjo
ritenu atrausanas no cela nav novérota.

2.4. Traktoragregata hidrauliskas uzkares sistémas un augstspiediena
hidrosiikna spiediena svarstibu pétijumi uz grunts seguma cela

Izmantojot uzkares slogos8anas riku (skat. 2.4. att.) ar atsvara novietojumu
(pozicija B), hidroakumulatori ir uzladéti ar 100 bar spiedienu. Eksperimentos
cela posms izvélets gadijuma rakstura ar kopgjo garumu 500 metri. [zveleta cela
nelidzenumu platums un garums svarstas plasas robezas. Nelidzenumu dzilums
ir no 0.2 [idz 0.1 m, bet garums un platums ir robeZas no 0.1 1idz 1.2 m.

Statiska stavokli spiediens hidrauliskas uzkares sistémas hidrocilindra ir
aptuveni 95 bar, bet pie augstspiediena stkna 8 bar (stknis ir atslogota pozicija).
Ja netiek darbinata hidrauliska uzkares sisteéma, spiediens augstspiediena suknt
tiek kontrolts ar drosibas varstu jeb parpliides varstu. Atpliistosas ellas dala no
stkna tiek padota uz rezervuaru, bet otra dala padota transmisijas komponensu
elloSanai. Izveleti Cetri konstantas kustibas atruma testi: 7.8, 13.7, 20 un
30 kmh™.
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2.8. att. Spiediena izmainu raksturliknes hidrocilindra pie riepu spiediena 1.2 bar /
Fig. 2.8. Characterictic curves of pressure changes in hydraulic cylinder by tire
pressure 1.2 bar

Ja tiek izmantoti trTs vienadi uzladéti hidroakumulatori (3 x 100 bar), tad
maksimalas darba skidruma spiediena svarstibu amplitiidu vértibas (sk. 2.9. att.)
hidrosistémas hidrocilindra ir 127 bar, pie kustibas atruma 20 km-h?. Visos
eksperimentos traktoragregata transporta reZima uz grunts cela ar braukSanas
atrumu lidz 30 km h™ ir konstatéts, ka maksimalas darba $kidruma spiediena
svarstibu amplitidu vertibas hidrocilindra ir variantam bez svarstibu slap&sanas
sisttmas, bet minimalas ir lietojot hidrauliskajai uzkares sisttémai pievienotos
hidroakumulatorus (2.8. att.).

26



Serfjveida aktiva svarstibu slapétaja ieslégsana Class Ares 557 ATX
traktoragregata transporta rezima (20 - 30 km h™) Jauj samazinat darba $kidruma
maksimalas spiediena svarstibu amplitiidu vértibas pie hidrocilindra (130+2 bar),
bet izraisa darba $kidruma spiediena svarstibu amplitadu (2.9. att) lidz
176+2 bar pie stukna, bet, ja netieck izmantota aktiva spiediena svarstibu
slapeSanas sistema augstspiediena siiknis ir atslogota pozicija (darba skidruma
spiediena svarstibu amplitiida pie augstspiediena stikna ir 15 bar).
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2.9. att. Darba Skidruma spiediena maksimalas vértibas hidrosistémas
augstspiediena siikna kontira, ja gaisa spiediens riepas ir 1.2 bar / Fig. 2.9. Maximal
average pressure in the hydraulic hitch-system of high-pressure pump circuit by tire
pressure 1.2 bar

Hidroakumulatoru pieslégSana uzkares hidrosisttma lauj samazinat
maksimalas darba $kidruma spiediena svarstibu amplitidu veértibas par 13 % pie
lielakiem kustibas atrumiem (20 —30 km h™) salidzindjuma ar traktoragregatu,
kura uzkares hidrosisttma nav aprikota ar svarstibu slapétaju. AtSkiriba no
aktivas svarstibu slap&Sanas sist€mas palielinatajam spiediena amplitiidam siikna
kontiira 176+2 bar, izmantojot hidroakumulatorus stikna konttirs tiek ieslégts
atslogota pozicija ar spiedienu 15 bar. Tapéc hidroakumulatoru pieslégsana ir
rekomend&jama traktoragregatu hidrauliskajam uzkares sisttmam kustibai
transporta reZima pie palielinatiem atrumiem lidz 30 km h'.

3. EKONOMISKAIS NOVERTEJUMS

Ekonomiska novertgjuma merkis ir aprékinat ieguvumu no traktoragregata
kustibas atruma palielinaSanas transport€jot Smagsvara augsnes apstrades darba
rikus no lauka uz lauku. PriekSrociba no kustibas atruma palielingjuma ir
ietaupitais augsnes apstrades darba riku transporteéSanas laiks saimniecibas
robezas, kuru var izmantot pamatdarbu veik$anai, bet trokums ir degvielas
patérina pieaugums pie palielinata kustibas atruma. Ekonomiskais novertgjums ir
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veikts vidgjam transporta attalumam ~ 10 km, analizgjot traktoragregata kustibas
atruma palielinaSanu parbraucienos no lauka uz lauku. Eksperimentali
noskaidrots slogota traktoragregata degvielas patérins 10 km (3.1. att.) gara
grunts cela posma pie kustibas atruma no 5 — 37 km h™.

55 |

50 1

j: // T

35 :( .......... 7

5 10 15 20 25 30 35 40
Kustibas atrums, km hY/ Driving speed, km h!

Degvielas patérins / Fuel consumption, |
A
>

—C4 —C5 C6 —D2 —D3 D4 D5 D6

3.1. att. Noslogota traktora ieslégta parnesuma un kustibas atruma ietekme uz
degvielas patérinu pie nobraukta cela posma garuma 10 km / Fig. 3.1. Driving speed
and selected gear impact oon the fuel consumption for driving distance 10 km

Lai veiktu 10 km lielu attalumu, pie kustibas atruma 12.5 km ht tiek
patérétas 0.8 h un 3.351 degvielas pie ieslégta parnesuma D4, bet pie kustibas
atruma 30 km h™ tiek patéréts 0.33 h, tadu degvielas patérin$ palielinas par 0.6 .

Patérétais laiks parbraucienos no lauka uz lauku (Kyxap, 2006):

Tpg =0.05...0.1- T, - (3.2)

Pie 8 stundu darba laika (diena) p&c formulas (3.2) parbraucieniem
patérétais laiks ir 0.8 h. Parbrauciena laiks atkarigs no traktora klases un tam
uzkarinama agregata konfiguracijas. Traktoragregata darba razigums arSanas
darbiem ir 0.72 ha h™ un izmaksas uz hektaru ir 57.17 EUR. No ietaupita laika
var apart 6.72 ha. Izmaksas $o hektaru aparSanai butu 384.18 EUR. Uzcenojums
tiek pienemts vid&ji 15 % no aparto hektaru izmaksam.

No ietaupita laika (9.33 h) uz darba algu rékina tiek iegtta ekonomija
ménesT, kas sastada 66.38 EUR, ja stradnieka algas stundas likme ar nodokliem
ir 7 EUR. Pelna ménesi no izmantota laika, ja tiek veikti arSanas darbi, ir
57.17 EUR. Kopgja pelpa ménesi (sakaribas (4.13)) no ietaupita laika
izmanto$anas un transporté8anas kustibas atruma palielindgjuma, atskaitot
papildus degvielas izdevumus 7.21 EUR, ir 116.34 EUR ménesi.

Traktoragregata hidrauliskas uzkares sistemas parbiives izmaksu
novértéjums. Ekspluatacijas izmaksas sevi ietver trispunktu hidrauliskas
uzkares sisteémas apriko$anu ar hidroakumulatoriem un izdevumus tehniskajam
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apkopém. Izmaksu iedalfjums patstavigajas un mainigajas ir atkarigs no laika
perioda, kura izmaksas tiek analizétas (Priekulis, 2008; Vitola, Soopa, 2002).
Kopgjas traktora hidrosisteémas parbiives izmaksas aprékina péc sakaribas:

kur Iy
I

IIJZI.

— materialu izmaksas, EUR;
— montazas un izgatavosanas izmaksas, EUR;
— ekspluatacijas izmaksas, EUR.

ZIPieI..: Im—i_lr—i_luzt.’

3.3)

Materialu un pakalpojumu izmaksas uz 18.01.2014. ar PVN attelotas 3.1. un
3.2. tabulas.

3.1. tabula. Hidroakumulatoru pievieno$anai nepiecieSamo materialu cenas /
Table 3.1. The necessary material costs for adding hydraulic accumulators

Nr Meérvieniba / Cena, Summa,
K '/ Materiali / Unit of Daudzums/ | EUR/ EUR/
P-X. Materials Quantity Price, Amount,

No measurement
) EUR EUR
1. Sliitene / Hose m 1 11.66 11.66
2. Trejgabals / T-piece | gab. / piece 1 8.37 8.37
3 sitg;ggaba's IThe 1 4ab. / piece 6 151 9.06
. :%rrc’oﬂ‘c‘gﬂr‘#jfg{; r/ gab. / piece 4 11003 | 440.12
Hidroakumulatoru
5. ‘Q?gfg;iﬁﬁ r; Ulator | 92D/ piece 4 2057 82.28
charging
Kvadrata
velmgjums 43x43 /
6. Rolled steel square m 0.2 8.23 1.65
tubing 43x43
Bultskrives
7. M8x1.25 / Screw- gab. / piece 8 0.03 0.24
bolt M8x1.25
Kopa / Total: 553.38

3.2. tabula. Hidroakumulatoru nostiprina§anas mezglu darbu izmaksas /
Table 3.2. The operating costs of hydraulic accumulator assembly

Nr. Laiks h/ Izcenojums SESQ?
p.k./ | Darba veids/Kind of work . EUR hY/

Time, h - 1 | Amount,
No. Price, EUR h EUR

Hidroakumulatoru
pievienosanas starpgabala
1. izgatavosana / Production of 8 5 40
unit for connecting of
hydroaccumulators
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3.2. tabulas turpinajums / continuation of the table 3.2.

Hidroakumulatora
nostiprinasanas balsta izveide
2. un montaza / Production and 8 5 40
mounting of unit for
hydroaccumulator support
Trejgabala un hidroakumulatoru
pievienosana traktora
hidrauliskajai sistemai /

3 Attaching the T-piece and 4 5 20
hydroaccumulator to tractor
hydraulic system
Kopa / Total: 100

leguldijuma atmaksasanas laiks tiek noteikts, ka paredzamais gadu vai
menesu skaits, kas nepiecieSams pilnigai ieguldijumu izmaksai. Tas ir laika
posms Iidz tam bridim, kad kapitala ieguldjjuma izmaksas ir pilniba segtas ar
pelnu, kas giita ar Siem ieguldijumiem. Atmaksas periodu aprékina péc formulas:

|
— NVAMS 3.4
Gperiods - GPMSPA + ’ ( )
NLIAML
kur Gpmspa — pilns ménesu skaits pirms atmaksasanas;
Invams  — nekompenséta vertiba uz atmaksasanas ménesa sakuma, EUR;

Inuame  — naudas ltdzek]u ienakums atmaksasanas ménesa laika, EUR.
leguldijumu atmaksasanas pa periodiem (méneSiem) ieskaitot uzturéSanas
izdevumus attélota 3.3. tabula.

3.3. tabula. Ieguldijumu atmaksaSanas pa ménesiem /
Table 3.3. Expenses payback time trough month

Periods, Prr(:g:gzgtﬁ Hidll;oalkurtn_ul.gtoru Uzkrata naudas
— we eKspluatacijas —
“SZE?&,’ plisma, EUR / izmaksas, EUR / Cﬂlrlr:sunll:t’i\l;:eU ;éh
month Prognosticate Exploitation expenses of flow. EUR
cash flow, EUR hydroaccumulator, EUR !
0 —653.38 0.00 —653.38
1 123.99 —40.00 —569.39
2 123.99 0.00 —445.40
3 123.99 —40.00 —361.41
4 123.99 0.00 —237.42
5 123.99 0.00 —113.43
6 123.99 0.00 +10.56
leguldijumi traktora hidrosisttmas spiediena svarstibu amplittdas

samazinasanai, uzstadot hidroakumulatorus, atmaksasies péc 5 darba ménesiem

un 2.7 darba dienam.
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SECINAJUMI

. Teorétisko sakaribu analizes rezultata ir izveidots traktoragregata vertikalo
svarstibu sanskata dinamiskais modelis, kuram atbilsto$i izstradata
matematiska modela vienadojumu sist€ma traktoragregata kustibas
model&sanai pa profiletu negludumu celu.

. Traktoragregata vertikalo svarstibu matematiskais modelis izstradats
datorprogramma WM 2D kustibas model&Sanai pa profilétu negludumu celu
ar dazadiem kustibas atrumiem un model€$anas rezultata teor&tiski noteiktas
darba skidruma spiediena svarstibu amplitidu vertibas pie kustibas atrumiem
lidz 14 km h™.

. Eksperimentalajos pétijumos ir apstiprinata teorétiskajos pétijumos izvirzita
hipotéze, par hidrosistémas darba $kidruma spiediena svarstibu amplitadu
samazinasanas iesp&ju uzkares sist€ma, augsnes apstrades darba rika
transport€Sanas darbos, samazinot apstrades darba rika frekvenci svarstibas
pret traktora korpusu ar hidroakumulatoru pievieno$anu un sist€émas stinguma
regulésanu.

. Eksperimentos traktoragregata transporta reZima uz grunts cela ar braukSanas
atrumu lidz 30 km h™* konstatéts, ka maksimalas darba $kidruma spiediena
svarstibu amplitidas hidrocilindra (145 bar) ir variantam bez svarstibu
slap@sanas sist€mas, bet minimalas (127 bar) ir lietojot hidrauliskajai sistémai
pievienotus hidroakumulatorus.

Starpiba starp eksperimentali un modeléSana noteiktajam darba Skidruma
spiediena svarstibu amplitadu vértibam uzkares sistéma pie dazadiem
traktoragregata kustibas atrumiem ir robezas no 2 -—10%. Tadel
traktoragregata svarstibu modeléSana programma WM 2D ir rekomendgjama
darba skidruma spiediena svarstibu amplitidu samazinasanas iespgju
petijumiem izmainot hidrauliskas sisteémas stinguma un slapesanas parametru
vertibas.

. Eksperimentali noteikts degvielas patérina palielinajums, palielinot
traktoragregata kustibas atrumu augsnes apstrades darba riku transportéSanas
darbos, atkariba no ieslégta parnesuma un motora klokvarpstas rotacijas
frekvences. Konstatéts, ka traktoragregata (Claas Ares 557 ATX)
parvietojoties transporta rezima 100 km distancé pie kustibas atruma
16.5 km h tiek patéréts laiks 6.06 h un 361 degvielas, bet pie kustibas
atruma 30 km h' tiek patéréts laiks 3.33 h un 39.5 | degvielas.

. Kopgja pelpa ménesi no traktoragregata (Claas Ares 557 ATX)
transportésanas darba kustibas atruma palielinjuma no 12.5 lidz 30 km h*
un ietaupita laika izmantosanas ir 116.34 EUR meénesI. leguldijumi traktora
hidrosistemas darba skidruma spiediena svarstibu amplitidu samazinasanai,
izmantojot hidroakumulatorus atmaksasies p&c ~ 6 darba ménesiem.

31



TOPICALITY OF THE RESEARCH

Tractors that are equipped with attachable tools and heavyweight tillage
tools are widely used in agriculture. During movement of tractor aggregate, their
hydraulic systems are performing functions of a tool hitch-system. Field and
road roughness provoked oscillations create increased pressure oscillations in
hydraulic system and limits driving speed for tractor aggregate in transportation
regime. During displacements from a field to field, as far as 10 % of all days
working time is consumed (Kyxap, 2006). In rural areas mostly gravel roads are
widespread and regularly loads are transported by rough roads, fields, meadows,
forests, where driving speed does not exceed 8 — 15 km h™* (Hararkuna, 1984).
On a deformable surface road (macadam, gravel, soil), depending on surface
resistance vertical load and movement intensity on the road, roughness height
(10-12mm) and length (5-8m) can change in a wide range
(Pommers, Liberts, 1985).

These tractor aggregate oscillations limit driving speed in transportation
regime, because of hitch-system durability and troubled controllability, that is
why driving speed increase and pressure oscillation amplitude reduction study is
topical.

Hydraulic system pressure oscillations, aggregate vibrations, transition
processes (switchover, pump switching on or off) and hydraulic impact, that
emerges during hydraulic system exploitation, cause excessive material wear,
many times increases inner corrosion speed, causes material tear and wear in
tension concentration places (welding seams, plug parts etc.), that cause
emergency situations. More than 70 % of hydraulic system refusals are
connected with hydrodynamic processes (Slckenstun, 2008). Increased hydraulic
working fluid pressure oscillation amplitude values, that many times exceed
nominal working pressure, are comparable to hydraulic impact influence. As a
result of hydraulic impact, ruptures are developing in piping, which durability is
depending on maximal values of pressure and failure pressure ratio (TpaxkTopst
..., 1986).

Modern tractor (for example Claas Ares) hydraulic hitch-systems are
equipped with active oscillation damper systems, which operation is based on a
hydraulic system pressure and tillage tool position continued adjustment against
the tractor frame in the transportation regime. This type of oscillation damper
installation on a hydraulic hitch-system of earlier produced tractor is not possible
without electronic management system.

In reviewed literature sources, there are no found studies about different
heavyweight tillage tool free oscillations against tractor frame in hydraulic hitch-
system influence to all tractor aggregate oscillations. Oscillation amplitude
changes in a hitch-system of tractor aggregate during the transport regime and
pressure oscillation amplitude reduction is not researched enough. Passive hitch-
system oscillation damper systems are not experimentally evaluated against
active hitch-system oscillation damper systems.
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In this promotion paper hydraulic system oscillation amplitude initiation
processes and its amplitude reduction possibilities are analyzed for modern
tractors, which hydraulic hitch-systems are equipped with active pressure
oscillation reducing systems and also for tractors which hitch-systems are
without active oscillation damper.

Research about reducing possibilities of hydraulic hitch-system pressure
oscillation amplitude for tractor aggregate is topical, because given
recommendations can extend hydraulic system lifetime, provide higher driving
speed and better driving quality in the transport regime.

THE OBJECT, HYPOTHESIS, AIM AND TASKS
OF THE RESEARCH

Experiment object — tractor aggregate, which driving speed and rough road
surface impact on working fluid pressure oscillation amplitude in the hydraulic
hitch-system is analyzed.

Research hypothesis — working fluid pressure oscillation amplitude in the
hydraulic hitch-system for the tractor aggregate in the transport regime depends
on soil-tilling tool mass, its distribution, road roughness and driving speed.
Working fluid pressure oscillation amplitude reduction in the hydraulic hitch-
system reduces oscillations for the tractor aggregate and provides longer lifetime
of the hydraulic system, higher driving speed and better driving quality in the
transport regime.

The aim of the research — to establish methods for working fluid maximal
pressure value determination and reduction in hydraulic hitch-systems for the
tractor aggregate in the transport regime.

To reach aim of the work, following tasks are set forth

e To determinate theoretically vertical oscillations for the tractor
aggregate working in the transport regime and corresponding working
fluid pressure oscillations in the hydraulic hitch-system.

e To create vertical oscillation mathematical model for the tractor
aggregate and to do oscillation modeling.

e To test working fluid pressure oscillations in the hydraulic hitch-system
for the tractor aggregate in the transportation regime.

e To evaluate experimental research compliance with in modeling
acquired results.

e To create a method, based on the theoretical and experimental result
base, for working fluid pressure oscillation amplitude reduction in the
tractor hydraulic hitch-system.

e To examine and evaluate recommended method for the hydraulic
system improvement.
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RESEARCH METHODS

Analysis, synthesis, modeling, prognostication, experiment (on-road and
laboratory), static and economic evaluation methods are used in this research.

THESES FOR DEFENCE

1. Created mathematical model allows to prognosticate working fluid pressure
oscillations in the hydraulic hitch-system for the tractor aggregate in the
transport regime.

2. Compared to active oscillation damping system, it is possible to drive with
higher speeds at the same hydraulic system pressure oscillation amplitude
level, if the tractor is equipped with differently loaded hydraulic
accumulators.

3. Created tractor aggregate oscillation model for the transportation regime in
software Working Model 2D, provides road impact, tire and hydraulic
cylinder stiffness and damping coefficient modeling, as a result hydraulic
cylinder force and working fluid pressure values can be obtained for the
tractor in a motion, with different speeds on the profiled roughness road.

4. Created experiment methodology for oscillation experimental research on
the profiled roughness road, can be used for working fluid pressure
oscillation amplitude determination in the hydraulic system for the tractor
aggregate at different driving speeds, loads on hydraulic system and tire
pressures.

APPROBATION OF THE RESEARCH
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SCIENTIFIC NOVELTY AND PRACTICAL APPLICATION
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OF THE RESEARCH

An original mathematical model was created, which is suitable for working
fluid pressure oscillation amplitude value determination and reduction in
three-point hydraulic hitch-system of the tractor aggregate working in the
transport regime.

Tractor aggregate vertical oscillation model was created in software
Working Model 2D for system pressure oscillation simulation, depending on
road surface roughness, tire and hydraulic cylinder stiffness and damping
coefficients and movement speed, resulting in obtained hydraulic cylinder
developed force and working fluid pressure values.

Methodology have been created for the experimental determination of
working fluid pressure oscillation amplitude in the three-point hydraulic
hitch-system for the tractor aggregate on the gravel and profiled roughness
road.

Theoretically and experimentally have been determined pressure oscillation
amplitude changes in the three-point hydraulic hitch-system for the tractor
aggregate at different driving speeds, tire pressures, load and hitch-system
and road roughness impact.

Theoretically and experimentally has been proven that hydraulic hitch-
system elasticity characteristics curve change for the tractor aggregate, by
equipping hydraulic system with differently loaded hydraulic accumulators,
provide hydraulic system maximal pressure value decrease, compared to
active pressure oscillation damping systems.



6. Experimentally has been proven that equipping tractor hydraulic hitch-
system with differently loaded hydraulic accumulators is recommendable
for safe 1hydraulic system exploitation by different driving speeds up to
30 km h™.

7. Loaded and unloaded tractor fuel consumption by speeds 3 — 30 km h™ has
been determined, which allows to determine gained economic effect from
the tractors hydraulic hitch-system reconstruction and driving speed
increase in the trips from field to field.

1. THEORETICAL RESEARCH

Theoretic study emerges from tasks set in the first chapter of promotion
paper. Aim of the theoretic study is to analyze tractor aggregate vertical
oscillations, while transporting heavyweight tillage tools, and their created
working fluid pressure oscillations in the hitch-system. Vertical oscillation
mathematical model was created for the tractor aggregate working fluid pressure
oscillation amplitude determination in hitch-system, depending on road surface
roughness, tire and hydraulic system elasticity and damping parameters and
movement speed. Working Model 2D software was used for analyzing tractor
aggregate oscillation impact on the pressure values in the tractor hydraulic hitch-
system.

1.1. Oscillation model selection for the tractor aggregate

For the tractor aggregate in the transport regime, its main cause of forced
vertical oscillation is road roughness. Oscillation intensity is influenced by road
surface microprofile, tractor driving speed, its equipment and individual
aggregate or system characteristics. Side view of tractor aggregate is shown in
Fig. 1.1.

From analyzed vehicle oscillation models (Robson, 1979; Williams, 1997,
Yang, Suematsu, Kang, 2001; Moran, Nagai, 1994; Vetturi ect., 1996; Campos
ect., 1999; Chalasani, 1986; Elbeheiry ect., 1999) it was determined that for
analyzing tractor and its tillage tool vertical oscillations, it is recommended to
use the vehicle side view model. Its structure can easy be used for the tractor
aggregate vertical and angular oscillation studies.

In the theoretical research tractor aggregate is substituted by simplified side
view model, which is equivalent to the real system. Mathematical model is
created for a tractor that is equipped with tillage tool. By creation of model, it is
necessary to take in consideration those tractor aggregate elements that influence
its running smoothness and oscillations: unsprung mass, including tire weight,
stiffness, damping characteristics and hitch-system aggregate masses, hydraulic
hitch-system elasticity and damping characteristics.

Side view of tractor aggregate consists of the body, double tire parameters
and attached tillage tool. Profiled roughness road is used for the tractor aggregate
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oscillation excitation. To create side view simplified mathematical model it is
necessary to analyze the kinematic scheme of the tractor aggregate three-point
hydraulic hitch-system mechanism components.

1.2. Hydraulic hitch-system mechanism kinematic scheme analysis for the
tractor aggregate

Study containing tractor three-point hitch-system is reviewed as plane
system. Hitch-system is analyzed into two dimensions, determining on hitch-
system influencing vertical force geometrical location and conducting force
calculations.

Tractors three-point hitch-system is divided in calculation components,
which eases further calculations. Total hydraulic hitch-system mechanism and
tillage tool kinematic scheme is shown in Fig. 1.2.

Hydraulic hitch-system hydraulic cylinder force F¢ is determined from
equilibrium equations in implement upper position. Working fluid pressure value
in the hydraulic cylinder, not taking friction into consideration, is determined by
the following equation:

F
=—c, (1.2)
P A
where p  —working fluid pressure in the hydraulic cylinder chamber, Pa;

F. —force on the hydraulic cylinder, N;
A —area of the hydraulic cylinder, m.

Hitch-system mechanism and tillage tool inertia characteristics on a lifting
arm, which is supported by the hydraulic cylinder, are reduced for creation of
oscillation dynamic model. Because some member masses of hitch-system
mechanism are insignificant compared to the tillage tool mass, only tillage tool
and lower link moments of inertia and masses are reduced, accordingly to
Fig. 1.2, on lifting arm:

2 2 2
| e =|1+m3-(\/35j +|3(‘”3J +|5-(“’5] , (1.2)
2] 2] 2]

where m; — mass of the i-th member, kg;
Vi  —speed of the i-th member, m s™;
Ji —moment of inertia of the i-th member, kg m?;
w; —angular speed of the i-th member, s™.

As a result simplified tillage tool and hydraulic hitch-system link system
kinematic scheme is obtained (see Fig. 1.3.).

For tillage tool use as tractor aggregate oscillation damper and
simultaneously lowering pressure oscillation amplitude values in the hydraulic
system, very important is free oscillation frequency for tillage tool against tractor
body.

Lifting lever movement equation at small and free oscillations can be
defined by following equation:
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lg-@+C-12-gp-cos® p+k-IZ-¢-cos® p=0, (1.3)
where 1o — moment of inertia against the point O, kg m;
¢ —damping coefficient value, N s m™;
k. — stiffness coefficient of the hydraulic cylinder, N m™.

Because angle ¢ changes are little at small oscillations, we presume that
cos? ¢ = const and we mark:

c-1¢-cos’p=C, (1.4)
k, -1 -cos® p =K.
Then we obtain:
lg-p+C-p+K-p=0. (1.5)
Accordingly angular frequency w, for lifting arm (see Fig. 1.3.) by
oscillating without damping against solid tractor body is:

o= |5 (L6)

From equation (1.4) it is clear that the angular frequency for tractor
aggregate hitch-system lifting arm at free oscillations against tractor body in the
transportation mode, is unambiguous determined by the hydraulic cylinder
stiffness coefficient and reduced hitch system and tillage tool moment of inertia.

Approximate hydraulic cylinder stiffness coefficient value can be
determined by following equation:

K =2F, (L7)
AX
where AF —force change of the hydraulic cylinder, N;
Ax  —displacement of the hydraulic cylinder rod, m.

Damping coefficient ¢ and stiffness coefficient k. values are depending on
the hitch-system hydraulic cylinder piston movement and oil compressibility into
the hydraulic system. The smaller hydraulic cylinder stiffness coefficient k.
value, the smaller force change AF and accordingly pressure changes in the
hydraulic cylinder.

Value change of force AF can be obtained by calculations or experiment
results. Force or load value of the hydraulic cylinder is depending on the tillage
tool position on the tractor hitch-system. Displacement Ax is equal with the
hydraulic cylinder piston displacement by pressure impulse. This displacement is
depending on oil volume of hydraulic cylinder and total change of the hydraulic
line volume 4V.

Study shows that frequently there is 12 — 15 % of insoluble air in the tractor
hydraulic systems, which can reduce volume of elasticity module for more than
2 times. In these situations elasticity module E and E.,, values (JIaBkuc, 1990)
need to be adjusted. Then total tractors hydraulic hitch-system hydraulic cylinder
and flexible hydraulic line stiffness coefficient k. value is:
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where D — diameter of the hydraulic cylinder, m;
Vo, Vev.  — volume of the hydraulic cylinder and hydraulic lines, m*;
E, E.,,  —elasticity module of the hydraulic cylinder and hydraulic
lines, kPa.

For the tractor aggregate with attached tillage tool during oscillations, due
to road roughness, the bigger is stiffness (elasticity module) for the hydraulic
system, then higher are pressure oscillation amplitude values in the hydraulic
hitch-system.

Tillage tool can be considered as a physical pendulum with moving
hitch-system point. This pendulum movement is described in pendulum type
vibrograph theory (Huxomau, 1950). From it results, that the pendulum free
oscillation frequency has to be several times smaller than forced oscillation
frequency, then the vibrograph turning angle could be proportional to the pivot
point vertical displacement. Therefore, for the tractor aggregate oscillations due
to road roughness impact, for the tillage tool to remain its fixed position against
the road surface, it needs to provide its frequency in free oscillations against the
tractor body at least four times smaller than forced oscillation frequency.

For average transport regime within driving speeds from 10 kmh™ to
15 km h™* and by condition that it is driven on profiled roughness road surface
with step 2 meters, forced oscillation angular frequency will be within borders
from 8.73 to 13.09 s™. For tillage tool corresponding free oscillation frequency
against the tractor body needs to be reduced to ~ 3 s™.

By reducing frequency of the tractor aggregate hitch-system levers and
tillage tool in free oscillations against the tractor body, hydraulic cylinder
stiffness coefficient needs to be reduced, accordingly corresponds smaller
pressure oscillation amplitude in the hydraulic system. From this theory, a
hypothesis was set for pressure oscillation amplitude reduction: by reducing
stiffness coefficient (elasticity module) of the hydraulic system, pressure increase
can be reduced in the hydraulic hitch-system for the tractor aggregate during the
transport regime. To restrict tillage tool angular displacement against the tractor
body, a non-linear stiffness curve is recommendable for the hydraulic system. It
is possible to reduce stiffness of the hydraulic system and gain non-linear curve,
if hydraulic accumulators are being added to the hydraulic system.

From roughness impact, the hydraulic cylinder is moving oil flow to
hydraulic accumulators. Equipping tractors hydraulic hitch-system with
hydraulic accumulators, pressure p for them increases by Boil-Mariot law
(Radzins, Zars, 1964; Dirba u.c., 1980):
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V,p = const, (1.9)

where V, - volume of gas, m’
k  — polytropic grade index.

Because volume change in the hydraulic accumulator and pressure change
in the hydraulic system is connected with non-linear relationship, then stiffness
coefficient value is alternating and depending on displacement of the hydraulic
cylinder rod. By increasing pressure, oil volume, which is flowing into the
hydraulic accumulator, is constantly reducing, therefore accordingly increases
stiffness coefficient value for the hydraulic hitch-system. This characteristic is
useful, because limits final hydraulic cylinder rod displacement during
oscillation process.

By calculating hydraulic accumulator charging pressure and their count at
chosen volume, depending on provided stiffness coefficient k., hydraulic
cylinder and hydraulic line compressibility is ignored. Theoretically it was
assumed that needed free oscillation frequency 3 s™ against frame of tillage tool
is provided only by hydraulic accumulators. It is calculated that for limiting
pressure oscillation amplitude to 150 bar in hydraulic system, three hydraulic
accumulators neccessary to be added with charged pressure 130 bar and volume
0.7 liters.

In the simplified tractor aggregate vertical oscillation dynamic model, force
reaction of the hydraulic cylinder is formulated as moment M (see Fig. 1.4.).
Action of torque moment M at pivot point O is defined by angle ¢, where force F
influence on the hitch-systems hydraulic cylinder is formulated through torque
moment M by following equation:

2 g2 2\?
v HIIJ e 110)
2Icil.'|9

Simplified tractor aggregate vertical oscillation dynamic model is shown in
Fig. 1.4. This model consists of body, hitch-system with tillage tool and two
wheel units. Each wheel is illustrated as spring and damper elements, but their
total mass is added to total tractors body mass. Simplified tillage tool is attached
to the frame in one point and hitch-system force reactions are formulated with
moment M.

A vertical oscillation mathematical model is created accordingly for the
tractor aggregate vertical oscillation dynamic model.

1.3. Vertical oscillation mathematical model for the tractor aggregate

Mathematical model was created during vertical oscillation modeling for
the tractor aggregate. It is described by equation system, which due to road
roughness, correlatively connects vertical displacements for wheel contact points
with body and attached tillage tools displacements and correspondent dynamic
forces.
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To show dynamics of the tractor aggregate mechanical system, second
degree Lagrange equation was used, (XueMei ect., 2012; Majewski, 2010),

which is defined as follows:
d({oL) oL
dt(@q]_aq =Q

where L is Lagrange function, which is defined as whole systems kinematic T
and potential U energy difference.

L(a,4)=T(a,4)-U(q)
Differential equation for generalized coordinates in y; direction, accordingly

to Fig. 1.4. was formulated as follows:
d (GLJ oL
—| = _7:|:1
dt\ oy, ) oy,

1\’ LY 1)
LY 1 L, 11,
—My| - | —m, -cos ¢>+I—(y2—y1) M= Vet

la 1,).. | | 1
[_mzIB_Ilj(P"'nyl"'ml'g’ll_mz'g'IBCOS((P"'I(yz_yl)): F.

Differential equation for coordinates in y, direction, accordingly to Fig. 1.4:

dfoL)_ ot _o
dtlay, ) oy, °

LY 1 L, 11,
—My| 7 ) My oS ¢’+|*(YZ—Y1) T e T Pt

1\’ I 1 LY 1,0, i
—my| - +2m1Tcos ¢+I—(y2—y1) M| | M, (T, +

12 1 I, ..
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ot 30 220,00 F -] -

| 1 |
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Differential equation for coordinate ¢, accordingly to Fig. 1.4:
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Influence forces F; and F, are depending on driving speed of the tractor
aggregate, roughness height, their characteristics and elasticity and damping
parameters of the wheel. Tractor front and rear wheel influence forces are
defined by following equations:

Flzkrl'ql+crl'ql’ F2=k,2~q2+c,2~q2, (1.11)
where k1, k, — stiffness coefficients of front and rear wheels, kN s m™;
1, G — damping coefficients of front and rear wheels, kKN m™;
g1, g2 - roughness vertical action of front and rear wheels;
d,, g, - vertical influence speeds of front and rear wheels, m s™.

Tractor wheel movement over profiled roughness road can be described as
sinusoid character action:
g=a,-sin(w-t), (1.12)
where a, - height of the road roughness, m;
o —angular frequency, s™;
t —time,s.
Road action coordinate on front and rear wheels is formulated as follows:

o = 0, ja t<0,and _ 0 ja t<0.(1.13)
' (@@-sin(o; - (t+At)) t>0 2 la-sin(e, -t) t>0

Forced oscillation frequency w; can be formulated:
0, =12, (1.14)
L
where v —tractors driving speed, ms™;
L - step of the road roughness, m.

By constant step of road roughness L, but varying driving speed v of the
tractor aggregate, various forced oscillation angular frequencies were gained.
Accordingly by L = 2m, v =0.8...3.8 m s™ we obtain w;= 2.6...12.0 ™.

To check hypothesis that by reducing stiffness (elasticity module) for the
hydraulic system, pressure growth into the hydraulic hitch-system can be
reduced for the tractor aggregate in transportation regime, oscillation
mathematical modeling is used.
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1.4. Oscillation mathematical modeling for the tractor aggregate hydraulic
hitch-system

Oscillation modeling for the tractor aggregate hydraulic system was carried
out by in Fig. 1.5. shown scheme, and is divided into four stages. In the first
stage, real system is being described very detailly. Then, based on this
knowledge, physical model is crated, by which analogy mathematical model is
created. In the final stage simulation model is created by model equations, using
Working Model 2D (WM 2D) software.

Sinusoid function was used for road roughness modeling. During modeling
road roughness amplitude is constant and step of the roughness is the same as in
the profiled roughness road experiments. Oscillation frequency is depending on
driving speed of the tractor aggregate and step of the roughness road.

Road roughness function in WM 2D software is provided with a help of
displacement elements. Displacement element functions of front and rear tires
are defined in software by following equations:

g, =b+if (a, -sin(w;, - (t+ At)) <0,0, (a, - sin(w;, - (t + At)))),
g, =b+if (a, -sin(w, -t) <0,0,(a, -sin(w; -t))),
where b — output position value of the displacement element, m;

g: - displacement element function of the front tire, m;
g, - displacement element function of the rear tire, m.

Stiffness and damping parameters of hydraulic cylinder is visualized as
suspension element in the software WM 2D. Tractor tires are characterized with
double stiffness and damping coefficients that in direct way are depending on
displacement speed of the aggregate and the pressure of tires.

Oscillation reduction possibilities of the hydraulic hitch-system can be
observed in created model, by changing stiffness and damping coefficient values
of the hydraulic cylinder, to reduce total oscillations of system by different road
roughness terrain and attached tillage tool. Because total oscillations for the
tractor aggregate can be reduced by lowering tire pressure and changing
characteristics curve of the hydraulic hitch-system hydraulic cylinder damping,
then input parameters — tire and hydraulic cylinder stiffness and damping
coefficient values in the model are created with possibility to change it values
during modeling process.

Theoretical model verification was done by using input parameters that
correspond to the tractor being used in experiments — Claas Ares 557 ATX and
tillage tool — Lemken cultivator and rubber ring roller, and also simplified
loading tool parameter of hitch-system. During simulation gained pressure
oscillation amplitude value results for both models were compared to experiment
results during driving on profiled roughness road (see Fig. 1.7.). A maximal
working fluid pressure oscillation amplitude value in the tractors hydraulic
hitch-system was reached by driving speed 7.8 km h™ and reaches 215 bar, but it
reaches 212 bar if simplified model was used.

(1.15)
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Difference between experimental and simulation results is within 2 to 10 %.
This difference may be created by tire stiffness and damping parameters
inadequacy in simulation process and in further experiments can be eliminated.
That is reason why software WM 2D is recomended for the working fluid
pressure oscillation amplitude simulation experiments, by changing hydraulic
system parameters for the tractor aggregate.

2. EXPERIMENTAL RESEARCH

Experimentally have been determined pressure oscillation amplitude change
affected from driving speed, road roughness and tire pressure for the hydraulic
system of the tractor aggregate. Pressure reduction possibilities were determined
in the hydraulic hitch-system of the tractor aggregate, using passive and active
pressure amplitude reduction methods. Experiments were carried out on the
profiled roughness road by driving speed 3 — 14 km h™, to support the same
excitation parameters for different stiffness and damping parameters of the
tractor aggregate hydraulic hitch-system. For higher driving speeds 7.8 —
30 km h!, experiments were carried out on a gravel road section, using created
hydraulic hitch-system loading tool with changeable weight position. Fuel
consumption was determined to evaluate increased driving speed economic gain
for the tractor aggregate, using recommended changes in the hydraulic
hitch-system.

2.1. Development of experiment methodology

Created experiment methodology is suitable for the tractor and its attached
tillage tool experiments, using technical equipment of the Latvia university of
agriculture, Faculty of engineering, Institute of Mechanics hydraulic laboratory
and the Motor Vehicle Institute tractor and automobile technical service
laboratory. This experiment methodology is needed to be able to compare
different experimental test results, which are acquired in different time periods,
using different settings of the hydraulic system, different loads on the hydraulic
hitch-system, or even doing experiments with different tractors. Experimental
test scheme is shown in Fig. 2.1.

As it is seen in Fig. 2.1., pressure oscillation experiments for the tractor
hydraulic system can be realized both on gravel road and on profiled roughness
road. During development of this methodology, both possibilities were taken into
account.

2.2.  Working fluid pressure oscillation experiments for the tractor
aggregate three-point hydraulic hitch-system

Nine constant driving speeds: 3 — 14 kmh™ were chosen for pressure
oscillation experiments in the tractor Claas Ares 557 ATX hydraulic system.
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Every constant speed test time depends on driving speed of the tractor aggregate.
To ensure constant rotation frequency for the tractor engine, it is regulated
manually by the lever, by selecting needed position and then selecting
corresponding gear.

Pressure oscillation amplitude values for the tractor hydraulic system for
different tire pressures and driving speeds, are shown in Fig. 2.2. and 2.3..
Characteristic curves in Fig. 2.2., were obtained for the tractor aggregate by
driving on the profiled roughness road with driving speed up to 5 km h™, with
tire pressure 1.2 bar, steerability of the tractor aggregate was good and pressure
oscillation amplitude average values for the hydraulic system were oscillating
from 140 — 170 bar. By increasing driving speed of the tractor aggregate from
5—8 km h™, pressure in the hydraulic hitch-system was increasing and reached
210 bar, for driving speed 7.8 km h™%. By this speed, tractor aggregate steerability
was worsening and there was observed a situation when front wheels were come
off the ground and the tractor aggregate was getting uncontrollable.

Pressure characteristics curve (see Fig. 2.2) describes pressure changes in
the hydraulic system at tire pressure 1.2 bar: if no active oscillation damper is
used for the hydraulic hitch-system, then maximal pressure oscillation amplitude
average values reach 210 bar in the hydraulic system, but if active oscillation
damper is being used, than pressure values reduces to 180 bar.

Reducing tire pressure from 1.2 to 0.8 bar for the tractor aggregate
(see Fig. 2.3.), maximal pressure oscillation amplitude values for the hydraulic
system reach 185 bar, but using active oscillation damper with the same tire
pressure, does not exceed 165 bar.

Maximal pressure for working fluid, which is observed with driving speed
7.8 km h™ and tire pressure 1.2 bar, describes oscillation resonance for the tractor
aggregate, when tractor aggregate self-excited oscillation frequency matches
with road roughness excitation, therefore to maximally reduce pressure
oscillation amplitude of working fluid, it is needed to change parameters of the
hydraulic hitch-system, by reducing tractor body oscillations and improving
driving comfort and controllability of the aggregate.

2.3.  Hydraulic accumulator use in the hydraulic system characteristics
curve change experiments

Because tillage tool range, weight and construction is different, a hitch-
system loading tool was created (see Fig. 2.4.) to observe hydraulic cylinder
working fluid pressures of the tractor three-point hitch-system by different
weight distribution against frame. First experiments were carried out without
adding hydraulic accumulators, but after that: using hydraulic accumulators with
differently charged pressure. Rubber membrane type hydraulic accumulators
were used for this experiment. Before equipping with hydraulic accumulators,
adequate spot for mounting need to be found, so that they have an easy access
and working fluid supply.
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With different tire pressure, position of weight (A, B and C) and driving
speed (3 — 13.8 km h™) obtained pressure oscillation amplitude values are shown
in Fig. 2.5. and 2.6..

If tractor onboard active pressure oscillation dumping system is not being
used, then maximal pressure for the hydraulic system is 210 bar with driving
speed 6.4 km h*, but i active pressure oscillation dumping system is being used,
pressure amplitude oscillations reduce to 197 bar, with the same tire pressure.
With driving speed 11.2 km h™ and same tire pressure, pressure in the hydraulic
system reach 195 bar. Positioning weight in position B, maximal pressure in the
hydraulic hitch-system reach 171 bar with driving speed 7.8 kmh™ and tire
pressure 0.8 bar, but with driving speed 11.2 km h™ and same tire pressure,
pressure increases to 165 bar. Moving weight to position A, pressure in the
hydraulic system is in limits from 70 to 80 bar.

By reducing tractor tire pressure from 1.2 to 0.8 bar and moving weight into
C position, if active pressure oscillation damping system is not being used,
maximal working fluid pressure oscillation amplitude values in the hydraulic
hitch-system reduce by 6.6 %, but if active pressure oscillation damping system
is used, then pressure reduces by 6 % with the same parameters. Placing weight
in position B and if active pressure oscillation damping system is not being used,
maximal working fluid pressure oscillation amplitude values in the tractor
hydraulic hitch-system reduces by 6.4 %, but if active pressure oscillation
damping system is used, working fluid pressure oscillation amplitude values
reduce by 6.1 % with the same parameters. Positioning weight in A position,
with the same parameters working fluid pressure oscillation amplitude reduces
by 25 %.

Average displacement of the hydraulic cylinder rod in all experiments is
from 0.5 to 5 mm, which depends on working fluid pressure in the hydraulic
cylinder and weight position on the hitch-system loading tool.

To change damping characteristics curve for the tractor aggregate hydraulic
hitch-system and reduce hydraulic system working fluid pressure oscillation
amplitude, hydraulic system needs to be equipped with differently charged
hydraulic accumulators.

Comparing previous results, when for the tractor hydraulic hitch-system
loading was used tillage tool (Lemken cultivator and rubber ring roller) with
created hitch-system loading tool, which has changeable weight position, it was
determined, that most similar working fluid pressure oscillation amplitude
change characteristics curve was when weight was in position B.

Maximal working fluid pressure that should be reduced in the hydraulic
system is for driving speed 7.8 and 11.2 km h™. Working fluid pressure
oscillation characteristic curves for the tractor hydraulic hitch-system, by tire
pressure 1.2 bar and driving speed 7.8 and 11.2 km h™, are shown in Fig. 2.7.

Maximal working fluid pressure oscillation amplitude value reduction for
driving speed 7.8 km-h™ is 14.5%, if hydraulic system is equipped with three
hydraulic accumulators that are charged at 130 bar. This reduction verifies in
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theoretical calculation gained result of needed 0.7 liter volume count of hydraulic
accumulators. By driving speed 11.2 km-h™ and same tire pressure, the biggest
pressure reduction by 9.9 % was gained, if the hydraulic system is equipped with
one hydraulic accumulator that is charged with 130 bar and two with 150 bar.

In all experiments with the hitch-system loading implement and to hydraulic
system attached hydraulic accumulators, on a profiled roughness road by driving
speed 7.8 and 11.2 km h™, steerability is satisfactory and front tire coming off
the ground is not observed.

2.4. Hydraulic hitch-system of the tractor aggregate and high pressure
hydraulic pump pressure oscillation experiments on a gravel road

Using hitch-system loading tool (see Fig 2.4.) with weight positioning (in B
position), hydraulic accumulators are charged with 100 bar pressure.
Experimental road section was chosen circumstantial with total length of 500
meters. Roughness width and length for chosen road oscillate in a wide margins.
Roughness depth is from 0.2 to 0.1 m, but length and width is in margins from
0.1to1.2m.

Pressure in the hydraulic cylinder of the hitch-system is around 95 bar in
static position, but 8 bar at high pressure pump (pump is in unloaded position). If
hydraulic hitch-system is not being operated, pressure at high pressure pump is
being controlled by safety valve or overflow valve. Some returning oil quantity
from pump is forwarded to reservoir, some is forwarded for oiling of
transmission components. Four constant driving speed tests were chosen: 7.8,
13.7,20 and 30 km h™.

If three the same charged hydraulic accumulators (3 x 100 bar) are being
used, maximal working fluid pressure oscillation value (see Fig. 2.9.) in the
hydraulic cylinder of the hydraulic system is 127 bar, by driving speed 20 km h™.
In all experiments on a gravel road for the tractor aggregate with driving speed
up to 30 km h%; it was observed that maximal working fluid pressure oscillation
amplitude values in the hydraulic cylinder, are for version without oscillation
damping system, but minimal values are by using hydraulic accumulators
attached to the hydraulic hitch-system ( Fig. 2.8.).

Switching on built-in active oscillation damping for the Class Ares 557 ATX
tractor aggregate in the transport regime (20 -30kmh™) allows to reduce
working fluid maximal pressure oscillation amplitude values at the hydraulic
cylinder (130+2 bar), but creates working fluid pressure oscillation amplitude
(Fig. 2.9.) up to 176+2 bar at the pump, but if active pressure oscillation damping
system is not being used — the high pressure pump is in unloaded position
(working fluid pressure oscillation amplitude at the high pressure pump is
15 bar).

Adding hydraulic accumulators to the hydraulic hitch-system allows
reducing maximal working fluid pressure oscillation amplitude changes for 13 %
by bigger driving speeds (20 —30kmh™) as compared with the tractor
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aggregate, which hydraulic hitch-system is not equipped with pressure damper.
Unlike from active damping system caused increased pressure amplitudes in
pump contour (176+2 bar), usage of hydraulic accumulators allows to change
pump contour position to unloaded regime with pressure 15 bar. That is why
adding of hydraulic accumulators is recommended for the tractor aggregate
hydraulic hitch-system during the transportation regime with increased driving
speed up to 30 km h.

3. ECONOMIC EVALUATION

The aim of the economic evaluation is to calculate the gain from the
increase of tractor aggregate speed, during transportation of heavy tillage tool
from a field to field. Advantage from driving speed increase is saved time for the
tillage tool transportation around farm, which can be used for main work,
however the disadvantage is that there is increased fuel consumption by
increased driving speed. Economic evaluation was done for average
transportation distance ~ 10 km, analyzing increase of speed during
displacements from a field to field. Fuel consumption for the loaded tractor
aggregate was experimentally determined for 10 km long (see Fig. 3.1.) gravel
road by driving speed 5 — 37 km h™.

To finish 10 km distance by driving at 12.5 km h™ speed, it takes 0.8 h and
3.35 liters of fuel in D4 gear, but at 30 kmh™, it takes 0.33 h, but fuel
consumption increases by 0.6 liters.

Time consumed during trips from a field to field (Kyxap, 2006):

Tos =0.05...0.1- T, - (3.2)

At 8 hour long working day, using formulae 3.2., time for trip is 0.8 h. Trip
time depends on tractor class and configuration of its attached tool. Labor
productivity for plowing job is 0.72 hah™ and expenses on one hectare are
57.17 EUR. During saved time, an extra 6.72 ha can be plowed. Expenses for
these extra hectares would sum up to 384.18 EUR. Average markup is 15 % of
plowed hectare expenses.

Saved time (9.33 h) for one month allows to save 66.38 EUR from salary, if
one hour rate for worker is 7 EUR. Profit from usage time during plowing per
one month is 57.27 EUR. Total profit (formulae 4.13.) from saved time and
increased driving speed in the transport regime, excluding extra fuel
consumption cost of 7.21 EUR, is 116.34 EUR per one month.

Reconstruction cost assessment for the hydraulic hitch-system of the
tractor aggregate. Exploitation costs include equipping hydraulic hitch-system
with hydraulic accumulators and maintenance costs. Expense division into fixed
and variable costs is depending on time period, for which expenses are being
calculated (Priekulis, 2008; Vitola, Soopa, 2002).

Total reconstruction cost for tractor hydraulic system is calculated by
equation;
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ZIPieI..:Im+Ir+|uzt.’ (33)

where |, — material cost, EUR;
I, —mounting and producing costs, EUR;
Izt — exploitation cost, EUR.

Material and service costs on 18.01.2014. with VAT are summarized in
Tables 3.1. and 3.2..

Investment payback time is determined as prognosticated year or month
count that is needed to pay off the full investment. It is a period of time until
moment, when capital investment costs are fully paid off by profit that are
gained with these investments. Payback time is determined by formulae:

G — GPMSPA + I NVAMS | (3.4)
I NLIAML
where  Gppspa  — full month count before payoff;
Inams — uncompensated value at the start of payoff month, EUR,;
Inuiave  — money income in whole payoff month, EUR.

Investment payback trough period (months), including maintenance costs,
are showed in Table 3.3. Investment for tractor hydraulic system pressure
oscillation reduction, by installing hydraulic accumulators, will pay off in 5
working months and 2.7 working days.

periods

CONCLUSIONS

1. Tractor aggregate vertical oscillation side view dynamic model was created
from theoretical connection study results, and mathematical model equation
system for the tractor aggregate movement modeling on a profiled
roughness road was created accordingly.

2. Tractor aggregate vertical oscillation mathematical model was created in
WM 2D software for movement simulation on a profiled roughness road
with different driving speeds, and as a result of simulation, theoretical
working fluid pressure oscillation amplitude values were determined by
driving speeds up to 14 km h™.

3. Hypothesis, which was seta s result of theoretical studies about working
fluid pressure oscillation amplitude reduction possibility in hydraulic hitch-
system during tillage tool transportation, by reducing tillage tools frequency
in oscillations against tractor body, was confirmed in experimental studies
by adding hydraulic accumulators and adjusting system stiffness.

4. In experiments on the gravel road for the tractor aggregate in the transport
regime with driving speed up to 30 km h, it was established that maximal
working fluid pressure oscillation amplitude in the hydraulic cylinder
(145 bar) is for version without oscillation damping, but minimal (127 bar)
is by adding hydraulic accumulators to the hydraulic system.
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Difference between experimentally and by simulation obtained working
fluid pressure oscillation amplitude values in hitch-system are in 2 — 10 %
limits for different driving speeds of the tractor aggregate. That is why
tractor aggregate oscillation modeling in WM 2D software is recommended
for working fluid pressure oscillation amplitude reduction possibility study,
changing stiffness and damping coefficient parameters of the hydraulic
system.

Fuel consumption increase was determined experimentally, by increasing
tractor aggregate driving speed in the tillage tool transportation regime, and
it depends on chosen gear and rotation frequency of the engine crankshaft.
It was established that for tractor aggregate (Claas Ares 557 ATX) in the
transportation regime for 100 km distance with driving speed 16.5 km h™ it
took 6.06 h and 36 | of fuel, but with driving speed 30 km-h™, it took 3,33 h
and 39.5 | of fuel.

Total profit for the tractor aggregate (Claas Ares 557 ATX) in transportation
regime, from increasing driving speed from 12.5 to 30 km h™ and saving
time, is 116.34 EUR per month. Investment for working fluid pressure
oscillation amplitude reduction in the tractor hydraulic system, using
hydraulic accumulators, will payoff after ~ 6 working months.
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