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Experimental research of the influence of vibration on efficiency the grain heap scalperation

Objective. The objective is to perform analysis and comparative study of the effectiveness of a
cylindrical sieve when it only rotational movement and with the addition of vibration.

The results of experimental investigation of the technological process of separation of grain heap on the
horizontal drum separator for the separation of large impurities when only the rotational motion of his sieve and
when applied to this movement vibration. Imposition of vibration significantly improve specific productivity of
separator. The optimum mode of vibration.

Conclusions

1. Adding vibration to rotational motion of a cylindrical sieve drum skalperators can increase its share
performance without sacrificing quality of the process skalperuvannya. The optimum value of vibration intensity
is(1.2..2) g

2. Vertical vibrations are more favorable to the quality of the skalperuvannya than the horizontal axis.
separator, cylindrical sieve grain mass, vibration, efficiency
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The laboratory tests of ecological hydraulic fluid

The paper deals with testing of ecological hydraulic fluid. The ecological hydraulic fluid was applied in
the gear-hydraulic circuit of a Zetor Forterra 114 41 tractor. The paper deals with the life extension of the
ecological fluid by proposed filtration system in the laboratory at the Department of Transport and Handling,
Faculty of Engineering, SUA in Nitra. The tests were supported by the Scientific Grant Agency of the Ministry
of Education, Science, Research and Sport of the Slovak Republic — VEGA, Grant No. 1/0857/12.
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B crathe paccMaTpUBAOTCS UCIBITAHUS IKOJOTHYECKON THAPABIMYCCKON JKUAKOCTH. JKOIOrHIEeCKas
THPABINYECKas JKUAKOCTh ObUIa KCIIOJIb30BaHA B THIPABINYECKOM KOHTYpE TPAaHCMHCCHHM TpakTopa Zetor
Forterra 114 41. B cratpe paccMaTpuBaeTcs BOIIPOC O MPOJUICHHUSI CPOKa CITy>KOBI SKOJOTHUECKOH JKUAKOCTH.
Hns storo B naboparopun CIllOBalKOTO CENbCKOXO3SHCTBEHHOTO YHHBEPCUTETa NpEIIoKeHa CHCTeMa
¢unpTpannu. McnbiTaHus TpoBOIMIIMCH NpH mojaepxkke HayuHoro AreHtcTBa mo rpanTaM MHHHCTEpCTBa
00pa3oBaHus, HAYKH, McciaenoBanuii u cnopra Crosaikoii Peciyonuku - VEGA, rpant Ne 1/0857/12.

[MonoxuTenbHbIl 3G GEKT QUIABTPALMH BBIPAXKAETCS B YMEHBIIEHUN YHCTOTHI Kojia 3arpsizHenus (ISO
4406) st yacTuIl OOIBINUX, YeM 14 MKM.

TPaKTOP, THAPABINYECKHIi HACOC, IKOJIOTHYECKasl JKHIKOCTh

Introduction. Due to advantages in renewability and environmental acceptability, bio-
sourced and biodegradable hydraulic fluids are increasingly used in fluid power applications
[1, 22]. In this time, the difference between of conventionally produced fluid and ecological
fluid two or three times of the price. Therefore is necessary to look for new solutions how to
extend the technical life, which could have the effect on their increase use. Consumption of
ecological fluids in EU is 0.12 Mt per year from total world production of 35 Mt per year
[20]. Almost 50 % of all the sold fluids in the world finish at present times as forfeits during
the operation in nature [10].

In working device the fluid transfers the energy and also carries the information about
process in it. Into the fluid during the device operation entrance metal particles through which
is possible to evaluate a wear process and predict the next operation of the device. Particle
contamination in hydraulic fluid accelerates wear of system components [2,3]. Therefore is
very important to pay attention to purity of hydraulic fluid which is used.

The fluid should be replaced if the value exceeds the limits, which are specified by
manufacturer. The most common hydraulic fluid contaminants are water and air, along with
particles of metal, rubber or dirt [21, 9, 12]. If the fluid is contaminated and has a good
physical-chemical properties (total acid number, kinematics viscosity, water content) have to
be replaced. This means shortening the operational life. It is an uneconomical solution
especially for expensive ecological fluids. Solution can prevent by the right choice of
filtration [15,27].

During the operational test was observed effect of new developing synthetic ecological
fluid on the basis of flow characteristics of hydraulic pump UD 25. The new hydraulic pump
was mount on the tractor Zetor Forterra 114 41.

Flow characteristics of UD 25 hydrostatic pump were measured on the experimental
device at the Department of Transport and Handling, Faculty of Engineering, SPU in Nitra.
Hydrostatic pump type UD 25 was mounted on the Zetor Forterra 114 41 tractor. After
completing of 450 and 900 Eh was unmounted hydrostatic pump from the tractor and was
mounted to the experimental device. In this device was effective the measurement of the flow
characteristics.

Materials a method. Properties of ecological fluid type HERP (VDMA 24568) were
studied under operational conditions in tractor Zetor Forterra 114 41. The operational test was
carried on the basis of results obtained from accelerated laboratory tests of ecological fluid.
The ecological fluid is a newly developed ecological fluid, which is made with synthetic base
fluid based on poly-alpha-olefins. We choose this fluid, because it has high chemical stability
and miscibility with mineral fluids, which are currently used in tractors in Slovakia. During
the test we used a new ecological fluid MOL Farm UTTO Synt, which is produced by MOL
Group, Hungary.

This fluid belongs to the group of universal transmission hydraulic fluid designed for
tractors. The specifications of fluid are: kinematics viscosity at 40 °C = 58. 14 mm® . s;
kinematics viscosity at 100 °C = 10. 22 mm? . s viscosity index = 165; pour point = (-42 °C).

During operation of tractor were observed the following physical-chemical properties
of ecological fluid:
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- kinematics viscosity;

- total acid number;

- water content;

- contamination of fluid particles by cleanliness code (ISO 4406);

- contamination of fluid particles by ICP spectrometry;

- fluid mixtures contamination by infrared spectroscopy.

During sampling, we have to ensure a procedure by which it was necessary to observe
all of sample case principles and sampling equipment. Others important factors during
obtaining of representative samples are the right choose of delivery points, mixing and
heating the fluid at operating temperature.

During operation of tractor, we monitored the fluid effect on wear of tractor hydraulic
pump. In case of hydraulic pump of tractor Zetor Forterra is in operation immediately after
the engine starting. The quality of ecological fluid influences on wear always whenever the
tractor is working. Hydraulic pump is a part of the hydraulic system which is susceptible to
wear and its possible for the simple dismounting easily evaluate the technical state on the
basis of flow efficiency [13,14].

Flow rate characteristic of hydrostatic pump

After completing of 450 and 900 Eh was unmounted hydrostatic pump type UD 25
from the tractor. It was placed consecutive in an experimental device for measuring the rate
characteristics. The characteristics were measured at nominal rotations of 1,500 rpm. In the
picture 3 are depicted the flow characteristics of the UD 25 hydrostatic pump.

Q=1f(Ap)n, n=1500 rpm

40

0 Eh
....... 450 Eh

38 Tl — = =900 Eh

39

3

Flow rate, dm.rpm

37 1 B

36
35 A

3 4 T T T T T T

Pressure, MPa

Figure 1 — Flow rate characteristic of hydrostatic pump at n = 1,500 rpm

The calculation of flow efficiency decrease
The standard STN 11 9287 determines the way of the test evaluation. The fluid must
by evaluate by flow efficiency decrease of the hydrostatic pump s follows [24,18,19]:
Anpr:M'loo’ (D)
Npro
where Any,— flow efficiency decrease (%);
Npro — flow efficiency at 0 engine hours (start of the test);

Mprooo — flow efficiency after 900 engine hours (end of the test).
Then, the flow efficiency is expressed by the equation:
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= ¢ 100> (2

VGg-n

npr

where O — flow of hydrostatic pump (dm’.rpm);

Ve — geometrical volume of hydrostatic pump (dm’);

n —nominal rotation speed of hydrostatic pump (L.rpm).

Rotation speed of 1,500 rpm and pressure of 20 MPa at 0 Eh result in the flow rate of

6.17 dm’.rpm and of 36.33 dm’.rpm at 900 Eh. The flow rate decrease is 1.197%. Tka¢ et al.
(2010) [23], using the hydrostatic pump UD 25 with biodegradable fluid type ERTTO,
obtained a decrease of flow rate of 7.3 % after 10° cycles of pressure loading (STN 11 9287).
Drabant et al. (2010) [7] obtained a decrease of flow rate of 3.6 % at revolution of 1,500 rpm
and pressure of 20 MPa after 300 Eh.

Table 1 — The evaluation of hydraulic test by rotation speed n = 1,500 rpm

Rotation speed (n = 1,500 rpm)
Count of
engine hours F310w Q . Flow Deprease of flow
(dm’/rpm) efficiency n (%) efficiency An (%)
0 36.71 96.89 0
450 36.64 96.75 0.146
900 36.33 95.73 1.197

Fluid evaluation of solid particles contamination

Monitoring of fluid evaluation on the basis of solid particles contamination during
tractor operation by ICP spectrometry is in table 2. We can see the content of chemical
elements which contaminate the ecological fluid. This is mainly Fe, Cu, Sn, Pb, Si, Cr, Al
The origin of the metal content as are Fe, Cu, Sn, Pb, Al is attributes to wear friction pairs.
Silicium is an indicator of dust contamination, which it obtains into the system from external
environment.

Table 2 — Contamination Values of ecological fluid on the basis of tractor operation by
ICP spectrometry

Count of engine hours

Element Unit (engine hours - EH)

0 150 450 900
Si mg . kg 6 8 12 18
Al mg . kg’ 1 1 2
Cr mg . kg’ <1 <1
Cu mg . kg 1 40 59 75
Fe mg . kg 2 37 48 88
Sn mg . kg <1 <1 <1
Pb mg . kg’ 3 2 7

Figure 2 shows the used fluid samples obtained by filter kit FAS 2, which were
analyzed by microscope.
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Figure 2 — Fluid samples of solid contamination at 0 EH

In new fluid were identified particles of contamination (figure 1) that can get to fluid
during the process of production and distribution. Some level of particle contamination is
always present in hydraulic fluid, even in new fluid [2]. In practice, this case occurs
frequently and therefore would by appropriate to be concerned with entry control and
consequently filtration of fluid before its first use in device.

a) magnification 50 x, b) magnification 100x

Figure 3 — Samples of solid contamination after 900 EH

In figure 4a we can see the sample after 900 EH where there are visible yellow
coloured particles. These particles originate mainly by adhesive wear. In the sample (figure
3b) was identified a brass particle of abrasive wear, what could be indicate approaching
failure of the hydraulic and transmission system. Comparing of figure 2 and 3 we can see that
the fluid after 900 EH was considerably contaminated with dirties of various origins. This was
reflected in dark colouration of the filter paper. There are mainly resins, which originate
during degradation process. Ecological hydraulic fluid had good physical-chemical properties,
and therefore aging products of fluid into the fluid fill probably got trough outer hydraulic
circuit from attachments.

Origin analysis of ecological fluid contamination

Evaluation of ecological fluid by IR spectroscopy is in figure 4. In areas around 1,650
cm™ and 1,600 cm™ are parts of IR spectra at which we can see the change of identity of used
fluid. From 450 EH we can see the resizing of peaks in observed areas which can be to
attribute to mixing of ecological fluid and other fluid. This mixing and the resulting
contamination are caused by connection of attachments from outer hydraulic circuit of tractor.
Based on the size of the peak in area 1,600 cm’!, we can assume that the tested ecological
fluid was mixed with mineral fluid used in majority of agricultural machinery in Slovakia.
The type of contamination is likely that this are resin, which are produced during the
degradation processes — fluid aging. It is characteristic of the degradation of mineral fluid
which is mixed with the used fluid during test [25,27].
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Figure 4 — Evaluation of contamination of ecological fluid by FT-IR spectroscopy

Physical-chemical properties of ecological fluid

The first of the physical-chemical properties of fluid which was evaluated is
kinematics viscosity.

Manufacturer considers the fluid as eligible for continued operation if the measured
values of kinematics viscosity are within tolerances = 10 % in view of new fluid. The values
of kinematics viscosity measured at 40 °C (table 3) are in required tolerance during test.
Whereupon that the fluid is possible in term of kinematics viscosity used without exchange.

During the test we also measured total acid number (table 3). This is important
evaluation parameter for fluid, because an increase of acids is characterized by aging,
degradation of fluid. The measured values didn’t exceed the limit value and the ecological
fluid can be used without exchange.

Water content contained in tested fluid was determined with coulometric method. The
water can get into the system through a variety leaking e.g. leakage of cooler system,
improper seal fluid system, improper storage or longer stop of devices work. Water in the
hydraulic system acts as degradation catalyst and can impair some additives, increase the acid
number and creating conditions which are suitable for corrosion [15,16]. During the
measurements of water content, we don’t found water in fluid and a fluid meets for next
operation (table 3).

Table 3 — Values of physical-chemical properties of ecological fluid

Parameter Unit Count of engine hours

0 EH 150 EH | 450 EH 900 EH
Kinematics mm?. s 58 57 54 54
viscosity
Total Acid 1
Number mg . KOH.g 1.19 3 3.2 3.2
Water content ppm 0 0 0 0

Removal of dangerous contamination from ecological fluid

To remove of dangerous contamination from fluid, we used the designed filter system
(figure 4). It was designed on the basis of components which were used in various devices
and are still functional. These components can be founded in almost all agriculture farms in
Slovakia. After this manner were given economics vantage and available solution. Price of
bought filter cartridge is 5 €. Filtration ability of paper cartridge 10 uym and a maximum
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pressure 0.25 kp.cm®. The basis of proposed filtration device is filter block Kovolis Hedvikov
FS 32 — 10 connected to the outer hydraulic circuit of tractor (figure 5). The filter device was
connected to ahydraulic outside circuit by pressure hoses. Flow rate, pressure and
temperature of fluid were regulated by Owatonna device, which is also connected to a
hydraulic outside circuit

Figure 5 — Filter device, Owatonna device and CS 1000 optical
device connecting to a hydraulic outside circuit of tractor

The filtration device was designed to remove contaminants from the transmission and
hydraulic system of tractor. Operating parameters of fluid and hydraulic system of tractor
were improved. An analysis of parameters of tractor hydraulic parts for the purpose of
research to improve their properties solved the authors of contributions in scientific journals
Hujo (2000), Drabant (2001,2005,2006), Gurina, (2005), [11, 4, 5, 6,8].

In figure 6 can see the progress contamination of ecological fluid during the test and
after application designed of filtration device. The picture shows the limit values of pollution
for the elements CU and Fe, which exceeded the limit values during the test. The
concentration of Si was exceeded and concentration of Pb and Al was adjacent. After tractor
running 900 Eh was applied designed filtration device, upon which there was a decrease in the
concentrations of elements. Content of Fe decreased after filtration by 30%.

o0
80 -
70 - LIMIT Y ALUE FOR Fe g 0 b/"h-_‘““-:\—h-.
60 -
50
40 -

-]

Contenl of chemical elements, me . kg

0 150 450 200 after filtration

Count of engine howrs, EH
-1 = A —r -l w=Fe Sn b

Figure 6 — Evaluation of fluid contamination by IR spectroscopy
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Table 4 shows the results of measurements of cleanliness code by CS 1000 device,
manufactured by Hydac, Germany. The device was attached to the filtration device during the
filtration of ekological fluids. From value is obvious decrease character elements large than
14 um, which shows by the correct functioning designed of filtration device.

Table 4 — Evalauation of measurements cleanliness code

Cleanliness code by ISO 4406
Measurement
<4 pum < 6um <l4pm
1. 24 23 10
2. 24 23 9
3. 24 23 8
Conclusion

The paper deals with testing of ecological gear-hydraulic fluid type MOL Farm UTTO
Synt, applied in a Zetor Forterra 114 41 tractor which was preceded by an accelerated
laboratory test performed on the Department of Transport and Handling, Faculty of
Engineering, Slovak University of Agriculture. During the operational fluid test were
sampled and its quality characteristics were rated. At the end of the operating test by
revolution n = 1,500 rpm decreased flow rate efficiency of the hydrostatic pump from value
Npro = 96.89 % to value flow rate efficiency npo00 = 95.73 %. Basically of decrease flow rate
efficiency was achieved assessment of technical condition of UD 25 hydrostatic pump.
Decrease of flow rate efficiency by revolution n = 1,500 rpm after completing 900 Eh was An
=1.197 %. MOL Farm UTTO Synt hasn’t negative influence of durability hydrostatic pump
type UD 25.

Based on the obtained values from measurements of the cleanliness code and IR
spectroscopy, was decided to stop testing of MOL Farm UTTO synt, because the fluid was in
inconvenient condition and manufacturer's of fluid dissuaded in the next operating test.

In pursing IR spectra was founded, that during the test of ecological fluid gave out a
mixing of the new ecological fluid with the fluid contained in tractor additional device, which
increased the level of fluid contamination. On measuring of solid contaminants were detected
elements of adhesive and abrasive attritions, which indicating imminent failure of the tractor
transmission-hydraulic circuit. They were also detected values of kinematic viscosity, total
acid number and water content, those didn't exceed the limit values after the test. We found by
measuring, that after completing 900 Eh the fluid showed good physico-chemical properties,
but were found above the limit levels of particulate pollution.

Based on this detection were applied designed filtration device for the renewal of life
of the fluid. Content of Fe decreased after filtration by 30%. Positive effect of filtration are
reflected by a decrease of cleanliness code for particles large than 14 pm about the two
classes.
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3. Tkau , 5. Kowi6a , 5. Tyauk
Crosayvkuii cinbcbkococnooapcokuil yuisepcumem, m. Himpa, Cnosauuuna
JlaGopaTopHi K0ocaiIzKeHHsT €KOJIOTIYHOI riipaBIivHOl piiuHK

VY crarTi po3risAalThCs BUNPOOYBAaHHS €KOJIOTTYHOT TifpaBiiyHoi pianHu. Exonoriyna rigpasiivyHa
pinuHa Oyna BUKOpPHCTaHa B TiJpaBliYHOMY KOHTYypi TpaHcMicii Tpaktopa Zetor Forterra 114 41. V crarti
PO3IIISIAETHCST TUTAHHS TIPO MPOAOBKEHHST TEPMiHY CIyXOu exosoridnoi pigunu. s nporo B saboparopii
CJ10BalbKOro CiIbCHKOTOCIIONAPCHKOTO YHIBEPCUTETY 3allpONOHOBAaHO cucTteMy (inprpanii. BumpoOysaHHs
npoBoanNMCs 3a minTpuMmku HaykoBoro AreHTcTBa 1o TrpaHTax MiHICTEpCTBa OCBITH, HAyKH, JOCTIIDKEHb i
cnopry CnoBanskoi Pecrryoniku - VEGA |, rpant Ne 1/0857/12 .

[To3utuBHUY edekT QimpTparlii BUpaxaeThCs Y 3MEHIICHHI YHCTOTH KOIYy PIBHA 3a0pyNHCHHS IUIS
YACTUHOK OLIBIINX, HIK 14 MKM .

TPaKTop, TiApaBJiYHUI HACOC, €KOJIOTIYHA pifnHa
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Hayionanvnuii ynisepcumem odiopecypcis i npupoooxopucmysants, m. Kuis

Jlo aHanmizy TEXHIYHOIO CTaHy 3EPHOBHUX CIBAIOK Y
nepeaeKCIUTyaTallliHUM 1 eKCITyaTalliHAM Teploau

Hduss  3a0esmedeHHsT 1 30epekeHHS CIIOKUBYMX BIACTUBOCTEH CITBCHKOTOCIIOAAPCHKOI TEXHIKH
HeoOXigHa iH(popMamis PO MOXKIIMBI 3MIiHM i BIACTHBOCTEW Ha BCIX CTadifAX >KUTTEBOTO IUKITY, MPHYUHA i
BiJIOBITHI pillIEeHHs TIOZ0 X YCYHEHHS.

Jis 00’eKTHBHOI OIIIHKM TEXHIYHOTO CTaHy 3€pPHOBUX CIBAJOK BHpINIyBaJWCS HACTYIHI 3a1adi:
BUSIBJICHHS HENOJIIKIB y TepeneKCIUTyaTallifHui 1 eKCIUTyaTallifHui mepiox, iX ommc Ta aHali3; po3poOka
CTaTUCTHYHHUX METOAIB KOHTPOIIIO; po3po0Ka PEeKOMEHIAIIIH [I[0JI0 YCYHEHHS BUSABICHUX HEJOMIKiB. Pe3ynpratn
JIOCITIJDKEHb CIBAJIOK BITYM3HSHOTO 1 i1HO3EMHOr0 BHPOOHHMIITBA y NepeleKCIUTyaTalliiHui 1 eKcIuTyaTaliiftHuii
Nepiojiu CBiUaTh, 10 HEJOJIKH BUTOTOBIICHHS BiAPI3HIIOTHCS SIK HOMEHKJIATYPOIO MOKAa3HUKIB TaK 1 KUIBKICTIO
ix B arperarax, By3Jjax i JeTaisx.

Po3po6iieni HOBiIHMKY OLIHKK HEJIOMIKIB BUTOTOBJICHHS CIBAIOK 3 iX (oTorpadisMu i onmucoMm; KapTu
KOHTPOJIIO 3 BUKOPUCTAHHSAM CTaTUCTUYHUX METO/IIB.

SIKICTh CIJILCHKOrOCHOAAPCHKOI TeXHIKM, TeXHIYHMII CTaH, 3epHOBI ciBaJKH, NepegeKcIIyaTAliiHUI
nepioj, ekcnjayaTaniiHuii nepioa, Hexo0JiKU BUTOTOBJIEHHS
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