SUMMARY

The aim of this bachelor's thesis is to optimise the hydraulic system of Metec's pickup truck
snowplough. The following steps were taken for optimising the hydraulic system:
calculating the hydraulic system's minimal parameters, decreasing the hydraulic system's
size, and addressing overheating in cables. The main parameters calculated were the
pressure and flow rate required for achieving the desired hydraulic cylinder velocities. After
hydraulic system and its working principles. The schematic was used for simulating the
pressure losses in the hydraulic system. These were used as the basis for picking smaller
components for the system and for consideration of how to make the whole system

smaller.

First, a product competitor analysis is done, where different companies’ pickup truck
snowploughs are compared to Metec’s snowplough. The aim is to provide a good overview
of different snowploughs and companies. The main focus was companies that retail in
Scandinavia and Estonia. For the comparison, the data on the snowploughs that were
available on the company websites was compared to Metec’s snowplough. Then the
hydraulic theory used in calculations is covered, based on the theory and formulas
provided the minimum pressure for moving the cylinders is found and the flow rate
required to move the cylinders in the specified time is also found. The hydraulic schematic
for the whole system was constructed using the data found in the previous sections and
data provided by Metec. After that the same schematic was used for simulating the
minimum pressure for the whole system, the methodology used was based on increasing
pressure by one bar for each test and marking down the velocity of each different cylinder
movement. This provided a graph where the velocity plateaued at a certain pressure, the
highest plateau point is the minimum pressure the pump needs to output. Lastly, the
parameters found were compared with the power unit datasheet to check if they were

achievable.

The next goal was to minimise the dimensions of the hydraulic control system. To achieve
this, the hydraulic power unit was to be replaced. Methodology for choosing the power unit
included checking if the parameters are similar to the current power unit’s and then the
dimensions of the power unit were the determining factor for selection. Of the 5 catalogues
considered, Dana’s was chosen. With the new power unit selected it was placed into the
hydraulic system. Two orientations were considered and the one with a smaller volume
was picked. In one orientation the hydraulic control block was placed as it was earlier, just
moved closer and it is possible to replace the directional control valves with smaller ones.

In the second orientation, the control block was attached to the hydraulic power unit



horizontally. Meaning the system got wider which made the volume also larger despite the
length and width being smaller. The result of these comparisons was that if the power unit
is replaced the volume of the hydraulic system decreases by 4.9 litres. If the directional

control valves are replaced the volume decreases by 1.94 litres.

The last aim is to solve the overheating of the cables connecting the hydraulic system to
the car’s battery. This was done by checking if the current wires could handle the current
required by the motor at the pressure where the pressure relief valves would trigger. The
model number or company that the cables are purchased from wasn’t stated, therefore
cables with the same cross-sectional area and name were looked at. The conclusion was
that either the cross-sectional area of the cables should be increased, or the maximum

pressure of the hydraulic system should be regulated to be smaller using the relief valves.

Possibilities for more developments of the snowplough would include price optimisation,
which would allow for the snowplough to be more affordable. This was initially one of the
goals of this thesis, but due to the prices of parts not being public, the focus was set on

reducing the hydraulic system'’s size.



KOKKUVOTE

Kaesoleva bakalaureusett6d eesmargiks on Meteci pickup maasturi lumesaha hiidrojaama
optimeerimine. Hudrojaama optimeerimiseks tehti jargmised sammud: hidrojaama
minimaalsete parameetrite arvutamine, hiidrojaama modtmete vahendamine ja kaablite
Ulekuumenemise kasitlemine. Pohilised parameetrid, mida oli vaja arvutada oli
hidrosilindrite soovitud kiiruste saavutamiseks vajalik rohk ja vooluhulk. Parast nende
vaartuste leidmist koostati hiidroskeem, et saada taielik Glevaade hidrojaamast ja selle
toopohimotetest. Hldroskeemi kasutati hirdojaama rohukadude simuleerimiseks.
Kalkulatsioonida ja simulatsiooni pohjal asendati osad slisteemi komponendid vaiksemate

vastu selle kdigus sai hiidrojaama mootmeid vahendada.

T60s anallisiti Meteci konkurente ja koostati tooteanaliils, kus vorreldi erinevate firmade
pickup maasturitele disainitud lumesahkasid Meteci omaga. Vordluse eesmargiks oli anda
Ulevaade erinevatest konkureerivatest ettevotetest ja nende lumesahkade parameetritest.
Anallisis olid fookused Skandinaavia ja Eesti ettevotted, mis keskenduvad lume ja jaa
hooldus toodetele. Analiilsiti Meteci lumesahaga voimalikult sarnaseid tooteid ning toodi
véalja paremad ja halvemad omadused. Seejarel tehti Ulevaade arvutustes kasutatud
hiidraulika teooriast. Teooriale ja valemitele tuginedes arvutati minimaalne réhk silindrite
liigutamiseks ja vooluhulk, mida on vaja, et liigutada hidraulilisi silindreid etteantud aja
jooksul. Kogu silisteemi hldroskeem koostati eelnevates peatlikkides leitud andmete ja
Meteci esitatud andmete pdhjal. Hidraulilist skeemi kasutati hiidrojaama minimaalse réhu
simuleerimiseks, kus arvestati ka jaamas tekkivate rohu kadudega. Simuleerimiseks
kasutatud metoodika pdhines rohu suurendamisel (ihe baari vorra iga katse korduse jaoks,
iga kord margiti silindri liikumise kiirus sellel rohul Gles. Simulatsiooni andmete pdhjal
koostati graafik, millel on naha, kuidas silindri kiirus jouab teatud rohu juures maksimumi,
neljast katsest kdrgeim rohk on minimaalne réhk, mida pump peab valja andma. Lopuks
vorreldi leitud parameetreid vooluallika tehniliste andmetga, et veenduda, kas see

vooluallikas saab neid saavutada.

Teiseks eesmargiks oli optimeerida hidrojaama sellisel viisil, et see oleks vdimalikult
kompaktne. Selle saavutamiseks oli vaja hldrauliline vooluallikas valja vahetada.
Hudraulilise vooluallika valikul olid olulised kaks pdhilist aspekti, see peab olema vaiksem
oma modtudelt ning samuti pidid olema selle parameetrid vdimalikult sarnased praeguse
hidraulilise vooluallika omadega. Vooluallika valimiseks kaaluti viit kataloogi, neist valiti
Dana kataloog. Peale sobivaima vooluallika valimist paigutati see hidrojaama. Prooviti
kahte erinevat asetust hiidrojaama jaoks, nende ruumalasid vorreldi ja valiti vaiksema

ruumalaga hiidrojaam. Uhes asetuses paigutati hiidraulika juhtplokk nii nagu varem, see



nihutati l1ahemale vooluallikaleja. Samuti vahetati suunaventiilid vaiksemate vastu, see
vahendas ruumala veelgi. Teises asetuses kinnitati juhtplokk vooluallika kilge
horisontaalselt. Mille kdigus hlidrojaam muutus laiemaks, selle tottu suurenes ka ruumala,
hoolimata sellest, et pikkus ja laius olid vdiksemad sellel hiidrojaamal. Tulemuseks oli, et
kui vahetada vooluallikas vaiksama vastu siis vaheneb hiidrojaaama ruumala 4.9 liitri
vorra. Kui lisaks veel suunaventiilid dra vahetada siis vaheneb ruumalaa veel 1.94 liitri

vorra.

Viimaseks eesmargiks on lahendada llekuumenimine kaablites, mis tekkis hiidroslisteemi
ja auto akut Uhendavates kaablites. Selleks kontrolliti, kas kaablid talvad vool mida
vooluallika mootori nduab rohul, kus kaitseklappid rakkenduvad. Kuna mudelinumber, ega
firma, kust kaablid osteti ei olnud teada, vaadati sama ristloike pindala ja nimetusega
kaableid. Jarelduseks oli see, et kas tuleks suurendada kaablite ristldike pindala voi

reguleerida hidroslisteemi maksimaalset rohku kaitseklappide abil vdiksemaks.

Tulevikus saab lumesaha hlidrojaama taiendavalt arendada selle hinda optimeerides. See
vOimaldaks lumesahaka toota ja mlilia soodsama hinnaga. Hinna optimeerimine oli algselt
Uks kaesoleva 10putod eesmarke, kuid kuna uute kasutavate osade hinnad ei olnud
avalikud, siis keskenduti hidroslisteemi modtmete vdhendamisele ja lUlekuumenemise

eemaldamsiele.



