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The influence of the main parameters of the adapted apparatus for separating corn ears with integrated
chopper on quality indicators collection process

The aim of work is an estimation of influence basic parameters of adapted corn picker vehicle of with one
rolles with the integrated grinding down on the quality indexes of technological process of collection of ripe corn
in the field terms.

The main factors that most significantly affect the quality of the process picking ripe corn while grinding
leafy mass. The basic experimental results drum apparatus adapted to separate heads with integrated chopper.
Mathematical models and the surfaces of review by which defined the optimal combination of structural and
technological parameters that most significantly affect the quality of the gathering of ripe corn.

Possibility of diminishing to the degree of damase heads, increase of plenitude harvesting, and also
degree of growing of lease mass shallow is experimentally well-proven by optimization of basic working organs
and increase of their functionality.
corn, integrated shredder, experiment, mathematical model, response surface
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Experimental Estimate of the Efficiency of Basic Tilling
by Chisel Equipment in the Conditions of Soil
Compaction

PoboTa mpucBsUeHA SKCTIEPUMEHTANBHIN OIHIN e()eKTUBHOCTI OCHOBHOTO O€3BiABAIFHOTO OOpPOOITKY
IPYHTY YHM3EIbHHMH 3HApsIUIIMH B YMOBaX 3HAYHOrO NEpeyLIUIEHEHHS OPHOTO ropu3oHTy. HaBeneHi gakropu,
IO JOBOJAATH MOLUIBHICTH MPOBEACHHS YHM3EIIOBAHHS TIPYHTIB Ta HACHIJKH BIPOBA/KCHHA B TEXHOJOTIUHI
MpoOIleCH BHPOIIYBAaHHS IIhOTO pecypco30epirailodoro crmoco0y OCHOBHOTO OOpoOITKy. 3amporoHOBaHO
KOHCTPYKIIIIO YM3EJIbHOT JIaly 3 BEPTUKAIBHUMH Ta FOPU3OHTAILHUME Jieopmaropamu. [IpuBeneni pesyabraTu
EKCIIEPUMEHTAIBHUX JIOCHI/DKEHb PO3pOOJICHOTO0 YHM3eNisi B XOAl SIKMX BCTAHOBJIEHO BIUIMB IIBHIKICHUX
rapameTpiB Ta HAOOPy JOAATKOBUX POOOUYMX OpPraHiB Ha SAKIiCHI MOKa3HUKH MOJIPIOHEHHS TPYHTY.
nepeymiJibHeHHsl IPYHTY, YHM3e/bHA JIana, IKiCTh KPHIICHHS, 3HHKeHHsI POAIOYOCTi, pecypco3depiraroui
TEXHOJIOTi
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Kuposoepadckuii HayuonanvbHblll mexHu4ecKull yHusepcumem

JKCIIepUMEHTAIbHAA OLeHKa 3((EeKTHBHOCTH OCHOBHONH 00pa0OTKHM INOYBBI YU3EJBHBIMH OPYAHSMH B
YCJIOBUSIX NepeyIoOTHeHUS

Pabora mocBsiieHa 3KCIIEPIMEHTATFHON OIICHKEe Y(PPEKTHBHOCTH OCHOBHOW 0€30TBaILHOW 00pabOTKH
HOYBBI YU3EJIBHBIMU OPYIHAMH B YCIOBHAX 3HAUUTENILHOIO NEPEYIUIOTHEHHSI HaXOTHOTO TOPU30HTA. I1pHuBeieHb!
(aKTopbl, JOKa3bIBAIOLINE LEIECOO0Pa3HOCTh HMPOBEICHUS YN3SIMPOBAHMS II0OYB M IOCICACTBUS BHEIPCHUS B
TEXHOJIOTUUECKUE MPOLECChl BBIPAIMBAHUSA 3TOTO0 PECcCypcocOeperaromero crnocoda OCHOBHOM 00paboTKH.
[IpenoxkeHa KOHCTPYKLMSI YHM3EIbHOW JIalbl C BEPTHKAJIbHBIMH M TOPU3OHTAJIBHBIMHU Jedopmaropamu.
[IpencraBneHbl pe3ysbTaThl AKCIEPUMEHTAIBHBIX HCCIICJAOBAHUN pa3pabOTaHHOrO 4YM3eNs B XOJI€ KOTOPBIX
YCTAHOBJICHO BJIMSTHHE CKOPOCTHBIX ITApaMeTPOB M HAOOpa JOMOIHUTEIBHBIX pa00YNX OpraHOB HAa Ka4eCTBEHHBIC
MIOKA3aTeNI U3METbYCHHUS ITOYBEL.
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The work discloses experimental estimates of the efficiency of basic boardless tilling by chisel equipment
in the conditions of considerable compaction of the plough layer. The factors that prove expediency of soil
chiselling and the outcomes of introduction into technological growing processes of this resource saving tilling
were presented. The design of chisel blade with vertical and horizontal deformators was suggested. The results of
experimental research of the designed chisel showed influence of speed parameters and a set of additional working
organs on the indicators of soil grinding were given.
soil compaction, chisel blade, quality of grinding, fertility decrease, resource saving technologies

Problem formulation. Basic tilling has always been the most energy-consuming
process under which growing of some cultures (sunflower, potato, rape etc) requires 30-40% of
general energy costs [1-3]. Growing of energy costs increases with the increase of soil
compaction which is an integral part of modern intensive industrial technologies of plant
growing [4, 5]. Energy-intensive machines, tractors and increased power combines, erosion
dangerous disc tilling equipment, mouldboard ploughs are widely used at different stages of the
technologies. Moreover, because of the extended crisis, general culture of agriculture has
considerably been changed which is proved by complete refusal of crop rotation and growing
monoculture (in most case sunflower) on the fields of the farms. A complicated situation in
plant growing becomes worse and accelerates the decrease of soil fertility in central Ukraine
because of constant change of climate. For the last 3-5 years arid season has not been only
during summer which coincides with main vegetation period but also during autumn when
there are no rains until frosts. All this makes it impossible to carry out effective tilling in the
stage of physical compaction of soil and makes it difficult to sow winter crops. These
tendencies have led to quick soil degradation, increase of wind and water erosion, fast decrease
of volumes of total yield. That is why the issue of preserving soil fertility, decrease of energy
costs during main tilling and development of constructions of alternative tilling working organs
which provide deep loosening with minimum energy costs is an important scientific and
practical task.

Publication and research analysis. In order to save fertility and improve physical and
mechanical properties of soil the world practice suggests soil-protecting technologies which are
based on exclusion of basic erosion dangerous operations such as mouldboard ploughing and
discing.

During mouldboard ploughing a compacted under-arable base is created and interacting
with share mouldboard surface, biologically valuable soil aggregates (0,25-10mm) are crushed
and as a result there needed additional energy for the rotation and transportation of the cut clod.
This leads to excessive fuel consumption and decreases of the width of machine capture as well
as to excessive compaction of fertility soil layer and deterioration of infiltration properties
decrease of humid and air circulation in fertility layer and other negative consequences.
Spherical discs of disc harrows, scufflers and dyscators while contacting with soil act
intensively and as a result the degree of grinding of structural elements increases which leads to
destructing the structure of the soil environment [3, 6].

The alternative to mouldboard ploughing and discing is introduction of operations of
zero or minimum soil tilling [7-10]. The basis of minimum soil tilling is carrying out of
boardless deep loosening which can be done with the help of chisel rippers [1]. Chiselling lets
considerably increase the width of machine capture comparing to ploughing, decrease fuel
consumption while basic tilling (up to 50%) and to destruct compacted soil of under arable
base etc. But during this operation there are some disadvantages which include incomplete
cutting of weeds, impossibility of getting solid bottom of the furrow, low level of processing
useful residues and weed seeds. Another problematic moment of not wide usage of chisels is
their incomplete adaptation to the complicated soil and climate conditions of Ukraine as most
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of the machines are produced by foreign companies «Gaspardo», «Amazone», «John Deere»,
«Lemken», «Great Plains» or by their licence. These factors lead to limited usage of chisels.

Objective of the article. So, the objective of the article is the development of the
design of a universal chisel adapted to soil and climatic conditions of Ukraine and experimental
testing of the efficiency of its operation.

Main material. On the basis of critical analysis of modern technics for chisel rippering
of soil and existing analytical research in the direction of intensification of chiselling we
suggested a working hypothesis according to which the increase of reliability and efficiency of
functioning of chisel working organs can be provided by introduction into their design
horizontal and vertical deformators on the leg in combination with additional working organs
for clod crushing.

After carrying out mathematic modelling of interaction of chisel cultivator point with
soil we found rational form of this working organ. The drawing and general view are presented
on Figure 1.

Figure 1 — Drawing and general view of chisel cultivator point with vertical and horizontal deformators

The suggested chisel cultivator point consists of a shank 1, chisel 2, a tooth for clod
crushing 3 and wings 4 (Figure 1). The role of the vertical deformator is played by shank 1 and
the tooth for clod crushing 3; the role of horizontal deformator is played by the chisel 2 and the
wings 4. Effective additional working organ for clod crushing after chisel rippering, putting
plant residues into the lower plough layer at 15-20cm deep may be a twin tooth roller with the
drawing and general view presented on Figure 2. The twin tooth roller consists of front 1 and
rear 2 tooth rollers, adjusting screw 3 of positioning the rollers relatively to the layer 4 and jaws
of rollers 5. According to work conditions the twin tooth roller may be adjusted by the chisel
depth and intensity of mixing and grinding of soil after chiselling.
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Figure 2 — Drawing and general view of the twin tooth roller

In order to study the efficiency of operation of the working organs we worked out
experimental prototype of the machine (Figure 3). The experimental chisel is a mounted device
which consists of three chisel blades (Figure 1), twin tooth roller (Figure 2) and frame. The

chisel is aggregated with tractors of drawbar category 1,4 (drag force 14 kN).
|| —
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Picture 3 — General view of the experimental chisel

Experimental research was carried out on the fields of Novoukrainskyy district of
Kirovohrad region during the August-October of 2014. The mechanical composition of the soil
is heavy and medium loam. Hardness of soil was 0-10 cm - 20-25 kg/cm?
10-20 cm — 35-50 kg/cm?; 20-30 cm — 60-85 kg/cm?. The indicator of the efficiency assessment
of chisel operation was the coefficient of quality of soil crushing k, which is calculated by the
formula:

k=".100%, )
m2

where m, —the mass of aggregates of soil with the size less than 50 mm, kg;
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m, — total mass of the mounted devise, kg.

The results of experimental research on definition the qualitative indicator of chiselling
are shown on Picture 4. It is important to notice that the qualitative indicator was assessed at
the tilling depth of h =36 cm, and the height of ridge which forms between adjacent passes of
chisel blades at the bottom of the furrow h =20 cm. Maximum speed of movement of a
completely equipped machine was limited by a critically possible movement speed at a
maximum gear under certain soil and climatic conditions coming out of provision of a needed
drag force which is generated by traverse gear of a tractor without driving wheel spin. The
analysis of the acquired results (Figure 4) allows stating that the lowest quality of soil crushing
is achieved when the chisel operates without crushing rollers and this indicator varies from 49
to 60% and the increase of working speed facilitates the improvement of quality indicator. A
similar pattern can be seen when chisel operates with one roller (the operation with one roller is
achieved with the help of changes of the position of the adjusting screw 3 at Figure 2) but the
qualitative indicators of the machine operation are considerably higher k =55-69 %. The most
qualitative tilling is achieved when chisel operates with two tooth rollers at the speed of 7-8
km/hour and the qualitative indicator of soil crushing is 70-75% which is higher than similar
indicators of some foreign machines (for example, under conditions of heavy chernozem for
Artiglio S 250-500 «Gaspardo» k =55-60%, Cenius 400/18 «<AMAZONE» k =58-65%

8]).
- Crushing quality with one roller = 57, 4069-1,9735*x+0,3574*x"2
k% Crushing quality with two rollers = 75,4868-6,753*x+0,8206*x"2
Crushing quality without rollers = 54 4189-3 5016*x+0,5438*x"2
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Figure 4 — Dependence of soil crushing quality K on the speed of chisel operation
V' under various modes of operation of the twin tooth roller

On the basis of the conducted experimental research we worked out recommendations
on application and technical documentation for producing combined soil tilling machines.
Their performance attributes is shown in Table 1.
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Table 1 — Performance characteristics of combined chisel soil rippers

Machine model CHN-15 | CHN-2,5 | CHN-3,5 | CHN-4,5
Productivity, ha/hour uptol,2 | upto2,0 | upto2,8 up to 3,6
Working width of capture, meters 1,5 2,5 3,5 4,5
Depth of tilling, cm up to 50 up to 50 up to 50 up to 50
Yucno poObouux opraHis, MIT. 3 5 7 9
Depth of roller tilling, cm up to 15 up to 15 up to 15 up to 15
Necessary power of a tractor, h.p. 80-120 120-180 160-220 250-340
Mass, kg 750 1200 1700 2300

Conclusion. 1. In order to save the fertility of soil, avoid its destructing and decrease
energy consumption for basic soil tilling it is worthwhile to apply boardless rippering with the
help of multipurpose depth soil rippers.

2. Non-adaption of chisel depth soil rippers to the climatic conditions of Ukraine
demands improvement of the existing machines and development of the new ones with
improved quality indicators of soil crushing.

3. The design of a chisel blade with vertical and horizontal deformators was developed
and together with additional working organs (tooth rollers) it should increase the intensity of
soil crashing and partially put residues into a certain depth.

4. We found out that when a combined chisel operates with two tooth rollers the quality
indicator of soil crushing is k = 70—75% under the speed of the machine V =7 -8 km/hour.
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ExcnepuMeHnTa/ibHA OHIHKA e(eKTHBHOCTI OCHOBHOIO OOpOOITKY IPYHTY YM3eJIbHHMH 3HApSAAASIMH B
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Meroro pobotH € po3poOKa KOHCTPYKILI YHIBEpPCAJbHOTO YM3EIBHOTO IUTyra, KOHCTPYKISl SIKOTO €
a/IaTITOBAHOTO JI0 TPYHTOBO-KIIIMAaTHYHUX YMOB YKpaiH! Ta eKCIIepIMEeHTaIbHa TIepeBipKa epeKTHBHOCTI HOTO POOOTH.

B pe3ynbpTati BUKOHAHHS POOOTH PO3POOIEHO HOBY KOHCTPYKIIIIO JIAITK TIAMOOKOPO3ITyITyBaya Ta KOTKiB-
monpiOHioBawiB. IIpoBemeHO  eKCHEpUMEHTANFHY TEpeBipKy SKOCTI  OCHOBHOTO  OOpOOITKY  TIPYHTY
3aIllpOIIOHOBAHUM CII0cO0OM. BeraHoBneHo, mo AaHuii cnocid € eekTHBHUM 3a YMOBH ajarnrailii 3Hapsaas 10
CKJIQJIHUX TPYHTOBHUX YMOB YKpainu. HaBeneHi pe3ynbratu poOOTH HOBOTO ILIyTa Ta IPOBEACHO MOPIBHIHHS HOTO
SKICHMX TOKa3HHKIB 13 BIJOMHM aHaJloraMu. 3a pe3yJbTaTaMH JOCIIHKEHb PO3POOJICHO KOMIUIEKC MAallMH IS
0e3BiIBAJILHOTO PUXJICHHS IPYHTY.

BcranoBneno, mo mnpu poOOTI KOMOIHOBAaHOTO YH3EJsl 3alpOIOHOBAHOI KOHCTPYKIi 13 JBOMa
3y0uacTHMU KOTKaMH SIKiICHHH MOKa3HUKU KPHUIICHHS IpyHTY ckianae 70-75 % mpu mBUAKOCTI pyxXy MammHu 7-8
KIJIOMETpiB 3a TOMHY.
nepeyuliIbHEHHs] TPYHTY, YM3e/IbHA JIana, SIKiCTh KPHMILEHHs, 3HNKEHHsI POAIOYOCTi, pecypco3depiraroui
TEeXHOJIOTii
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[IprurHY BUHMKHEHHS BUIIAJIKOBUX HAaBaHTa)XKEHb B
MpOLIECl MEPEMIIIICHHS 3€pHA CTPIYKOBOKO KOBIIIOBOIO
3€PHOBOIO HOPIEIO

B crarti po3risjaeTbcsi NUTAHHS NPUYMH BHHUKHEHHS BMIIQJIKOBUX HABaHTaKEHb B IpoLeci
HepeMillleHHsI 3epHa CTPIYKOBOIO KOBIIIOBOIO 3€PHOBOO HOpi€to. OCKIJIBKH HOPIs — 1€ TPY)KHA MallhHa, POOOUUM
OpraHoM SIKOI € CTpidKa, TO JJIsl BCTAHOBJICHHS NPUYMH BHHUKHEHHS BHIIQJIKOBUX HABaHTaKEHb, PO3IIIIHYTO
JIBOXMAacHY JIMHAMI4HY MOJIEJIb TIPY’KHOI MAIlIMHH, SIKa B1IOOpaKye XapakTepHi 0COOIMBOCTI MOBEAIHKN peaibHOT
npyxHoi MammHu (Hopii). [TokazaHo, 110 Mmif Ji€r0 30BHINIHIX CHJI B HEBCTAHOBJICHHH TEPioJl B MPYKHIN cHCTeMi
BUHUKAIOTh KOJHMBalbHI mponecd. [IpoBeieHi TeopeTHUHI IOCHIKEHHS 1 MOJCIIOBAHHS IOKa3alH, II0
HAaBaHTAXKCHHA HOpii B Tporeci poOOTH € HEpIBHOMIPHHM, a BHHUKHCHHS KOJHMBAJbHHUX IIPOIIECIB Ma€
BUTIAIKOBUH XapakTep i 3aIeKUTh BiA cnenn ik ii GyHKIIOHYBaHHS.

HOPIisi, MPY’KHA MAIIHMHA, AMHAMIYHA MO/IeJIb, HABAHTAKEHHS

P.M. Munaiiienko, kanja. Texd. Hayk, C.B. MuxaiijioB, HHXK.

Kuposoepadckuii nayuonanbHulil mexHuueckuil yHugepcumen

IIpuyuHBI BOBHHKHOBEHHUS CJIYy4YaiiHbIX HAIPY30K B Ipolecce IepeMelleHusl 3ePHa JIEHTOYHOH KOBIIOBOM
3epHOBOI1 HOpHUeH

B craree paccmarpuBaeTcss BONpPOC MNPUYUH BO3HUKHOBEHMs CIYYalHBIX HAarpy3ok B IIpoLecce
MEePEMEIIEHUs] 3€pHA JIEHTOYHON KOBIIOBOM 3epHOBOW HOpHed. Ilockonbky HOpHs — 3TO ympyras MallluHa,
pabouynM OpraHoM KOTOPOH SBISETCS JIEHTa, TO IUISl YCTAHOBJICHUS NPHUYMH BO3ZHUKHOBEHUS CIIy4aiHbBIX
Harpy3oK, pPacCMOTPEHO [BYXMAacCHYIO IMHAMHUYECKYI0O MOJENb YIPYroil MaIlWHBI, KOTOpas OTOoOpaXkaeT
XapaKTepHbIe 0OCOOCHHOCTH MOBEICHHUSI peabHON ynpyroi Mamuael (Hopuu). [TokasaHo, 4To Moj BO3AciHCTBHEM
BHEIIHUX CHUJ B HEYCTAHOBHUBIUMICS MEpHOJ] B yNPYrod CHUCTEME BO3HHKAIOT KOJEOATEeNbHBIC MPOIECCHI.
IIpoBeneHHBIE TEOPETUYECKHE MCCIEJOBAHUSA M MOJEIMPOBAHUE IIOKA3alld, YTO HArpy3ka HOPHH B IIpoLEcce
pa0boThl HEpaBHOMEPHA, 2 BO3HUKHOBEHHE KOJICOATEIBHBIX IPOLIECCOB MMEET CIy4alHbIH XapakTep W 3aBHCUT OT
crietduky ee GyHKIIMOHUPOBAHUSL.

HOpHS, YIIPyras MalllMHa, JMHAMUYeCKas MOJie/Ib, Harpy3Ka
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