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Abstract: In this work it is presented the description of
technological process of the improved machine for
cutting haulm at root crops and the results of
experimental research of beets haulm with three
constructions of the cutter. The research it was made
for three re-cutting constructions conducted on the
principle of "passive knife - copier".
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INTRODUCTION

Sustainable development of manufacturing is possible
on the basis of further modern mechanization of all
production processes. This can be achieved by ensuring
the development and introduction of highly efficient crop
harvesting technologies, including fodder beet roots [1].

The mechanized harvesting of fodder beet roots is one
of the most labour intensive and of energy intensive
operations in the overall context of the agricultural
production not only in Ukraine but also in highly
developed countries of the world community [2].

Haulm harvesting is one of the most intensive labor
operations in the technological process of fodder beet
production Modern directions for the development of
single-phase propelled root crops machines provide
block-modular principle of their construction. Two-stage
method of haulm harvesting is the first stage of single-
phase technology of harvesting root crops — cutting the
main body of haulm by rotary haulm cutter followed by
cutting the remnants of haulm by a «passive copier-
passive knife» re-cutter [3].

The problem of improving of haulm-cleaning modules
technical level, cutting haulm quality indicators are their
assessment criteria, remains particularly relevant in terms
of further development of root crops technique.

There are a lot of design and layout schemes for
cutting and harvesting haulm and working bodies of beet
harvesting machines: from haulm cutting rotors to fodder
root re-cutters. This is related to both the harvesting
technologies and agro-technical requirements for haulm
cleaning and roots vegetables quality indicators [4, 5].

Since the first development and application of the
technical devices and facilities for mechanical harvesting
of root crops extensive experience in the establishment of
relevant working bodies and machines has been gained
in the world practice. The agrobiological and mechanical
properties of root crops and haulm of fodder beets, their
location relative to the surface of the soil largely influence
the work conditions modules of harvesting haulm. These
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Pestome. Y cmammi HageOeHO Onuc MmMexHOs102i4H020
npouecy pobomu yOOCKOHaneHol 2u4yko3buparbHOi
MawuHuU — ma  pe3ynbmamu  eKcriepuMeHmarsnbHUX
OdocnidxeHb 0bpi3ysaHHs 20/1080K 6ypskKie Mmpboma
KOHCmpyKuisiMu O006pIi3HUKI8, BUKOHaHUX 3a NPUHUUNOM
«rnacusHUl Komip—HixX».

Knro4oei cnoea: kopmosi 6ypsiku, 3amuliKku auyku,
mexHos1o2iqyHuUl npouec, 0006pi3HUK 20/1080K
KopeHennodis, Konip, nidnpy>XuHeHud HIX,
bazamochakmopHull ekcriepuMeHm, emrnipudyHa Mooerb,
subumi kopeHerodu.

NEPEOMOBA

Cranui pO3BUTOK BMpO6GHULTBA npoaykuit
arponpoMMCOBUM KOMIMIIEKCOM YKpPaiHW MOXIUBUIA Ha
OCHOBI noganblioi  Cy4acHoi MexaHizauii BCiX
BMPOGHMYMX MPOLECIB LUMAXOM 3abes3neyeHHss po3pobkm
Ta BMPOBafXeHHs  BUCOKOEMEKTUBHUX  TEXHOMOriN
36MpaHHA CiNbCbKOrocnoAapCbKnX KynbTyp, Y TOMY YMCHi
i KopeHennoais kKopmoBux Bypsikis [7].

MexaHizoBaHe 30upaHHA KOpeHennodiB KOpMOBUX
OypskiB € opfHielo 3 HaWbinblWw  TPYAOMICTKMX i
eHeprosaTpaTHUX onepauii B 3aranbHOMY KOHTEKCTi

BMpOGHULTBA npoaykuii CiNbCbKOrocnoaapcbLKOro
BMpOOHMUTBA He Tinbkn B YKpaiHu, ane w y
BMCOKOPO3BUHYTUX AepaBax CBITOBOI CMiNbHOTYH [2].

Y TEeXHOMNOr4YHOMY npoueci BUPOGHMLTBA

KOpEHensoAiB KOpMOBUX OypsikiB, OAHiEl0 3 HaWbGinbLu

TPYOOMICTKMX onepauin € 36upaHHa rmukn. CyyacHi
HanpsmKu pO3BUTKY oaHOMasHNX camoXxigHMX
KopeHe3bvpanbHMx MawuH nepegbayatoTb  6royHo-

MOOyNbHUMA nNpuHUMN ix nobyposw. [lepwum eTtanom
ogHoasHoi  TexHonorii  30upaHHs  KOpeHenmnoAis €
36MpaHHsa rMukM ABoCTadiHMM cnocobom — 3pidyBaHHSA
OCHOBHOMO MacuBy [UYKW POTOPHWM [UYKOPI3OM 3
HacTyMHWM 3pi3yBaHHAM 3asuLLKIB MMYKM JOOOPI3ZHNMKOM
TUNY «NAaCUBHUI KOMiP—NacuBHUI HiX» [8].

Mpobnema NiABULLEHHSI TEXHIYHOro piBHS
rMyko3bmpanbHUX MOAYMIB, KPUTEPIAMM OLHKN SKUX €
MOKa3HWKN  SAKOCTi  3pidyBaHHA TMYKKW, 3anuMLLIAETbCS

0COOMMBO aKkTyamnbHOK B MNMaHi NOAanbLIOro PO3BUTKY
KopeHe3bupanbHOi TEXHIKN.

Benuka Pi3HOMaHITHICTb KOHCTPYKTUBHUX Ta
KOMMOHYBanbHNX cxem rMYKo3piyBanbHUX i
r’MYkoBMOaAnNsa4YMX nNpPUCTpoiB i poboumx  opraHis
OypsiKko3OMpanbHUX MalWH, Big  MMYKO3pPi3yBanbHUX
poTOpiB OO0 [A006pi3HWKIB TONOBOK  KOPEHENMOAIB,
noB’siaHa K 3 TexHonoriaMn 30upaHHsa, Tak | 3
arpoTexHiYyHuMM  BUMOramMmuM O  MOKa3HWKIB  SKOCTI

306UpaHHsA rMykn Ta kopeHennogis [14, 5].

3 vacy po3pobkM Ta 3acTOCyBaHHS NEPLUMX TEXHIYHUX
npucTpoiB i 3acobiB ans MexaHizoBaHOro 36upaHHsA
KOpEHenmnoAiB y CBITOBIN MPaKTULi HAaKOMMYEHO BESTUKUN
AOCBi, 3 CTBOPEHHS BIiAMNOBIOHWX pPOGOYMX oOpraHiB i
MalWH, Yy TOoMy uucni  Ana 30MpaHHs  TUYKK.
Arpob6ionoriyHi Ta MexaHiYHi BNacTMBOCTI KOPEHEeNogiB i
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indicators accordingly regulate construction features of
working bodies for harvesting the main array of haulm
and cutting off its remnant from root crops heads [6, 7, 8].

Taking into account specific mechanical and
technological properties of the root crops and haulm and
the world tendency of single-phase haulm cleaning
method, it can be concluded that the technological
process of haulm cleaning is expediently carried out with
a two-stage method. It includes cutting the main body of
haulm followed by removal of haulm remnants on the
heads of root crops by re-cutter «passive copier-passive
knife» re-cutter [4, 9].

Therefore, the improvement of the structural and
layout schemes and working bodies of the machines for
haulm harvesting or haulm harvesting modules and
substantiation parameters of their working bodies should
be carried out taking into account the specific properties
of this process. This is particularly important and actually
in providing the necessary quality indicators of the work
according to the agrotechnical requirements [5, 10].

The work objective is to increase technological
process indicators of haulm harvesting of fodder beet
root crops, through the development and substantiation
of working parameters of haulm harvesting machines.

There are many ways of mechanical haulm removal of
root crops such as cutting, beating down, tear off and etc.
Cutting and beating down of haulm are the most common
ones.

Based on the study of technological processes of
cutting haulm and constructive-technological schemes of
haulm harvesting modules and haulm harvesting
machines of domestic and foreign production one can be
stated the following. At present haulm-cutting devices
typically cut haulm only on the principle "on the root". In
such case, main body haulm harvesting occurs without
copying the heads of root crops and haulm remnants
cutting - with copying of root crops heads by different
mechanisms [4, 11, 12, 13].

The devices that carry out haulm cutting on the root by
the cutting method are divided into machines for single-
phase haulm cleaning method and machines for the two-
phase method of haulm harvesting, which in turn are
divided according to the type of job.

The cutting, during which haulm cleaning is the result
of knife blade cutting, is applied both for the bulk haulm
harvesting and its remnants while cutting heads of the
root crops. And the knives, which can be active or
passive, carry out haulm cutting without anti-cutting
elements or counter movement of the knives.

Primarily it is caused by root crops properties, fodder
beet haulm and harvesting or using haulm technology —
using haulm for fodder or as an organic fertilizer by
spreading it on a harvested field [14, 15].

Reduction of the root crops yield during the harvesting
is caused by their losses during digging up and haulm
harvesting. This is due to the significant number of root
crops knocked out from the soil (1.5...2.0%) and
damaged root crops (15...20%) of these by chipping
surface of heads cutting - up to 10%.

At the same time the wastes of cutted root crops
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TMYKM  KOPMOBWX OypsikiB, X PO3MILLEHHS BigHOCHO
NOBEPXHi TPYHTY B 3HA4YHIN Mipi BNAMBalOTb Ha YMOBU
poboTM  rMyko3bupanbHUX MoayniB i, BiQNOBIAHO,
pernameHTyloTb  OCOGNMBOCTI  KOHCTPYKLUii  poboumnx
opraHie Ans 36upaHHS OCHOBHOrO MacuBy TUMYKWM Ta
0000pi3yBaHHs 1] 3anuLuKiB 3 rofioBOK
KopeHennogais [3, 16, 12].

BpaxoBytoun  cneuundiyHi MEXaHiKO-TEXHOMOTYHi
BNaCTUBOCTI 3B’A3KIB MMYKN 3 KOpeHennogamu Ta CBiTOBY
TEeHAEHLI0 opHodasHoro crnocoby 36UpaHHs
KOpEHennoAiB, MoXHa  3pobutM  BUCHOBOK,  LUO
TEXHOMOrMYHMIN npouec 30MpaHHA TMYKM  OOUINbHO
34iNcHIOBaTN ABOCTafiiHUM crnocobom, KU BKITOYaE B
cobi 3pi3dyBaHHA OCHOBHOIrO MacuBy FMYKW 3 HACTYMHUM
BMAANEHHAM 3anuLLKIB MMYKM Ha rONoBKax KOpeHennopais

[OOGPI3HMKOM  TWMY  «NacuMBHUW  KOMip—NacWBHWNA
Hixx» [14, 18].

Tomy BAOCKOHANEHHS KOHCTPYKTUBHO-
KOMMOHYBarnbHNX CXeM Ta poboyMx opraHiB MaluvH Ans
30upaHHa  yku, abo  rnykos3bupanbHUX  MOAyniB
KopeHe3buvpanbHUX MaLUuH i 0B6rpyHTYBaHHSA napameTpis
iXx poboumx opraHiB HeobxigHO npoBoAMTM 3
ypaxyBaHHsAM  crneuudiyHMX  BracTMBOCTENW  AaHOro

npouecy, Wo € O0COBnMMBO BaXMUBMM i akTyanbHUM Yy
nnaHi 3abesneyeHHs HEeoOXiOHMX MNOKAa3HWKM  SIKOCTI
poboTw 3rigHO 3 arpoTexHiYHMMK BUMoramm [5, 11].

MeToto po6oTun € nigBuLLIEHHSA MOKa3HUKIB
TEXHOMOrYHOro npouecy 36upaHHSA MMYKM KopeHennoais
KOpMOBUX BypsiKiB LUNSXOM PO3pobkn Ta obrpyHTyBaHHSA
napameTpiB poboYnx opraHiB rmyko3dMpanbHNX MaLLmWH.

Mpu BcCiA pi3HOMaHITHOCTI cnocobiB  MexaHi4YHOro
BMAANEHHSA TMYKU KOpeHennoais (3pisyBaHHs, 36vBaHHS,
BiJPVBaHHS TOLLO) HanbiNbLU NOWNPEHNMU, € 3Pi3yBaHHS
Ta 30MBaHHs.

Ha ocHoBI [gocnigpkeHHA TexXHOMOor4YHMX MpoLeciB
3pi3yBaHHA TMYKM KOPMOBUX OYpsiKiB i KOHCTPYKTMBHO-
TEXHOMOTYHUX CXEeM FM4Ko3GupanbHMX MOAYIiB KOpeHe-
Ta rM4Kko3BbupanbHUX MallvH BiTYU3HAHOrO i 3apybiXkHOro
BMPOOHULTBA, MOXHa KOHCTaTyBaTW, LLO Ha Cy4YacHOMY
eTani rm4kospidyBanbHi NPUCTPOI, SK NPaBUIo 3pi3yoTb
MUKy TiNbKA 3@ MPUHUMNOM «Ha KOpeHi». lMpu ubomy
30MpaHHA OCHOBHOIO MacuBy rMyku BiobyBaeTbca 6e3
KONitoBaHHSA rofloBoK KopeHennopais (beskonipHuii 3pis), a
O000pi3yBaHHS  3anULLKIB  TMYKU 3 KOMitoBaHHAM
rofloBOK KopeHennoais Pi3HOMaHITHUMM
MexaHiamamm [14, 9, 13, 20]. NpucTpoi, Aki 34iACHI0Tb
3pi3yBaHHSA TMYKM Ha KOPEHi, 3a CNOCOOGOM BMKOHAHHS
npouecy 3pi3yBaHHs MOAINSAITbCA Ha anapatv  Aans
ofHoMasHoro cnocoby 30MpaHHa rMYkK Ta anapaty Ansi
ABocpasHoro cnocoby 36mpaHHsA rMukK, K Yy CBOKO Yepry
NnoAainstoTb 3a TMNOM poboYKX OpraHiB.

3pi3yBaHHs, nig 4Yac HAKOro BuAANEHHS  TUYKK
BigObyBaeTbCA B pe3ynbTaTi pi3aHHA 1e30M Hoxa
3aCTOCOBYETLCS, SIK AN 30MpaHHsi OCHOBHOI Macu rM4Kw,
Tak i 1 3anuMwkiB nig 4Yac 06pi3yBaHHSA rOMNoBOK
KopeHennogis. MNpuyomy HOXi, SKi MOXyTb OyTW akTUBHI
YM NacvBHi, BUKOHYIOTb pi3aHHs rykn 6e3 nignopy, To6Tto
6e3 npoTupi3anbHUX ENeMEHTIB 4YM 3YCTPIYHOIO pyxy
HoxiB. Lle 3ymoBneHo, B nepluy 4yepry BnacTUBOCTAMMU
KOpPEHEeNMOoAiB i 'YK KOPMOBMX BYpsiKiB Ta TEXHOIOTIE
30upaHHa abo BWKOPUCTAHHA TUYKM — BUKOPUCTAHHS
MMYKM Ha KOpPM abo Yy SKOCTi opraHiYHMX OOPUB LUNAXOM
po3kuaaHHs ii Ha 3ibpaHe none [15, 6].

3MeHLUEHHS ypoXal KOpeHennoAis Mg Yac 36upaHHs
0oByMOBreHi X BTpatamMu K nig, Yac BUKOMYBaHHSA, TaK i
nig 4Yac 3bMpaHHSA TMYKW 3a PaxyHOK 3HAYHOI KiNbKOCTI
BMObntTMx 3 rpyHty (1,5...2,0%) Ta NOLUIKOOKEHWUX
(15...20%) kopeHennopfiB, i3 HMX 3a paxyHOK CKOIiB
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heads with haulm to the total mass are within 5...8%, and
the pollution of root crops thresh by remnants of haulm
amounts to 3...5% [16, 17, 18, 19, 20].

The operating indicators obtained of machines for
haulm cleaning or their harvesting modules are
unsatisfactory. They do not correspond to the established
parameters in accordance with the agrotechnical
requirements on the basis of their imperfection
constructive and technical decisions the main working
bodies - rotary haulm cutters and of the haulm remnants
re-cutters of the root crops heads.

MATERIAL AND METHOD

Development of modern perspective assembly schemes
and new constructions of working bodies of machines for
haulm harvesting and their modules must be based on
world experience, taking into account the peculiarities of
local agronomic, technical, economic, environmental and
other requirements.

Based on the analysis of quality work indicators and
technological parameters of haulm harvesting, we proposed
an improved machine for haulm harvesting that is used
according to the chosen haulm harvesting technology or
method of haulm usage.

Constructive scheme of the improved machine for haulm
harvesting is shown in Figure 1.The machine for haulm
harvesting consists of frame 1, on which support wheel 2,
horizontal rotor 3, auger 4, re-cutters of root crops heads 5
are consistently adjusted. Horizontal rotor 3 is designed as
a drum 6. Knives for haulm cutting 7 are placed in drum of
spiral. They are pivotally installed by means of supporting
plates, are fixed on a drum rotor 3 and finger. Rotor 3
rotates the opposite direction of the machine for harvesting
root crops haulm. Height of cutting of the main haulm array
is regulated by moving of supporting wheels 2. Auger 4 is
installed in horizontal gutter 8 and made in the form of drum
9 on which winds 10 are fixed. The top part of knives for
haulm cutting 7 and auger 4 is closed by casing 11.
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noBepxHi 3pidyBaHHA ronoskn — Ao 10%. lMpu usomy
BigxooM macu o6pi3aHuMX TrOMOBOK KOpPEHensnoAiB i3
rMMYKOK [0 1X 3aranbHOi Macu 3HaxoOAaTbCH B MeXax
5...8%, a 3abpygHeHiCTb BOpOXy KOpeHensnoAis
3anuwiKkamu rmykm ctaHosuTs 3...5% [17, 19, 4, 10, 2].

OpepxaHi  He3adoBiNbHI  MOKa3HUKM  SKOCTI  poboTu
rmyko3bmpanbHMx MawuH, abo ix 36upanbHUX MoAyniB
He BiQNOBigaTb BCTAHOBMEHMM MOKa3HWKaM 3rigHO 3
arpoTexHiYHUMK BUMOramMm 3a 03HakamMun HegOCKOHAmNOoCTi
X KOHCTPYKTUBHO-TEXHIYHMX pilleHb OCHOBHWUX POBOYMX
opraHiB — pPOTOPHMX MMYKOPI3iB i AO0OPI3HUKIB 3anuLLKIB
MMYKN 3 TONOBOK KOPEHENNoaiB.

MATEPIAl | METOOUKA

Po3pobky cyvacHUX nepcnekTMBHUX KOMMOHYBarbHMX
CXeM Ta HOBMX KOHCTPYKUiNn pobounx opraHis
rmyko3bvpanbHMX MawwH | IX MOAyrniB, MOBWHHI
0asyBaTvca Ha CBITOBOMY [JOCBIfi, BpaxoBYH4M Mpu
LUbOMY  OCOBMMBOCTI BITYM3HAHUX  arpOTEXHIYHMX,
TEXHIKO—EKOHOMIYHWX, eKOMOrYHNX Ta iHLWNX BUMOT.

Ha ocHOBi npoBegeHOro aHanisy opepxXaHux
NMOKa3HMKIB AKOCTI pobOTM Ta TEXHOMOTMYHUX MOKA3HMKIB
30MpaHHA TMYKM, HamMK 3anpoOnoOHOBAHO YOOCKOHAamneHi
rMyko3bumparnbHi MallMHW, siki 3aCTOCOBYIOTb 40 BUBpaHOi
TexHonorii 36upaHHa rmdkn, abo cnocoby BUKOPUCTaHHS
TVIYKK.

Ha pwc. HaBEJEHO KOHCTPYKTUBHY CXEMY
yAoCKoHaneHoi rmyko3dmpanbHoi MaLUVHW.
M'Myko3bupanbHa MallMHa CKnagaeTbcs 3 pamu 1, Ha siKin
nocrigoBHO BCTaHOBMNEHO OMNOpHi Koneca 2,
ropu3oHTanbHuin potop 3, WwHek 4, [oo6pisHukM 5
ronoBoK kopeHennogis. [opusoHTanbHWn poTop 3
BMKOHaHO y Burnsagi 6apabaHa 6, Ha SsKOMy MO FBUHTOBIN
NiHIT  po3MileHo rnyko3pidyBanbHi HOXi 7, €Ki 3a
JOMOMOrOK0  OMOPHMX MNMAacTWH, WO 3akpinneHi Ha
OapabaHi 6 poTopa 3 i nanbLUs, BCTAHOBIIEHO LUAPHIPHO.
Potop 3 obepTaetbcss 3yCTpiYHO HaMpsIMKy pPyxy
rmyko3bvpanbHOi  MawuHW, a BWUCOTY  3Pi3yBaHHS
OCHOBHOIO MacuBY T[UYKU PETYIOTb NepeMileHHsIM
onopHmx  komic 2. lUHek 4 BCTaHOBNEHO Yy

1

ropusoHTanbHOMy >onobi 8 Ta BWKOHAHO Yy BuUrNagi
6apabaHa 9 Ha sikomy 3akpinneHo BuTku 10. BepxHs
YacTWHa rMYKO3pi3yBanbHUX HOXIB 7 i WWHeKa 4 3akputa
Koxyxom 11.

Fig. 1 - Constructive scheme of the improved machine for haulm cutting:
1 - chassis frame, 2 — support (reference) wheel, 3 — rotor, 4 — auger, 5 — cutter of heads root crops, 6, 9 — drum, 7 — knife,
8 — chute, 10 — spiral, 11 — casing, 12 - parallelogram hinged suspension; 13 — bracket, 14 — copier, 15 — knife, 16 - two-arm lever,
17 —finger, 18 — fixed support, 19 — knife blade, 20 - support, 21 — stop, 22 — arm of lever, 23 — spring, 24 - shock absorber blow

The cutter of root crops heads 5 is mounted behind the
chute 8, each of them is designed as a parallelogram
hinged suspension 12. Passive comb copier 14 and knife
15 are mounted sequentially on the bracket 13 of
parallelogram hinged suspension 12.
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Mosagy xonoba 8 3moHTOBaHO [Jo006pI3HMKM 5
rOSIOBOK KOPEHeNnoais, KOXKeH 3 SKMX BUKOHAHO y BUrNAai
napanenorpamHoi LapHipHOi NiABICKM 12, HA KPOHLITENHI
13 sKkoi NocnigoBHO 3MOHTOBaHO NMacUBHWUI rpebiHYacTuin
konip 14 i Hix 15.

KoxeH Hix 15 BMKOHaHO y BUrMa4i ABOMMEYEBOro
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Each knife 15 is designed as two-arm lever 16. The
lever is installed at its finger 17 pivotally. The finger rigidly is
fixed on a support 18, which is connected to the bracket 13
rigidly. Working stroke of the blade 19 of the cutting edge of
the knife 15, in the horizontal plane is limited to support 20
which is mounted on the vertical finger 17 and support 21.
The knife 15 is spring-loaded through a spring 23, one end
of which is fixed on a two-arm lever 16, and the second - on
the fixed support 18. Shock absorber blow is made in the
form of gasket 24 of elastic material, or, for example,
compression spring. It is installed between the bracket 13
parallelogram suspension 12 and copier 14.

RESULTS

When the machine for haulm harvesting is moving along
the root crops rows knives 7 cut off the main bulk of haulm
and move it so that it put | in the chute 8 or auger 4. The
spiral 10 of auger 4 transports the haulm along the axis of
rotation of auger 4, in the direction of its output part. The
copier 14 of cutter 5 collides with the head of root crop and
then knife 15 cuts off the head of root crop by blade cutting
edge 19 at given height of cut. In the process of cutting of
root crop head knife 15 and support 20 reclaim from vertical
fingers 17 to 21 stops, thus carrying out the cutting by
method of sliding.

Moreover, during a meeting of the copier 21 with the of
root crops head there is a blow interaction of working
surface of copier and the head of root crops. It results to the
beating out from the soil or damage of root crops. Due to
the shock absorber blow that is made in the form of gasket
24 impact force of copier is significantly reduced. A part of
the impact energy is spent on the deformation of the shock
absorber, or compensated for deformation gaskets and it
reduces beating out from the soil or damage of root crops.

To determine use efficiency of improved re-cutter
construction mounted on the machine field comparative
experimental studies of the number knocked out root crops
from the soil of three types re-cutters: a standard re-cutter
of root crops heads (firms «Kleine», «Moreau», «Tim»
etc.), re-cutter of root crops heads which has a spring-
loaded knife and a cutter of root crops heads which has a
spring-loaded knife and copier is installed on shock
absorber in the form of an elastic plate.

The variable factors of two-factor experiment
implemented in three levels of factors variation (lower (-1),
zero (0), top (1)) were accepted: machine speed; root
crops height relative to the surface of the soil level. The
results of coding and numerical values of levels of factors
variation are shown in the table 1 below.
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Baxxens 16, BCTAHOBMEHOroO LWapHIpHO Ha CBOEMY NanbLi
17, AKMA XXOPCTKO 3akpinneHum Ha onopi 18, XopcTko
3B’A3aHOI0 3 KpoHwTenHom 13. Pobouun xig nesa 19
piKy4oi KpPOMKM HOXxa 15 B ropu3oHTanbHI MMOLMHI
obmexeHo ynopom 20, SAKMIM  3aKpiNneHo  Ha
BepTuKanbHOMy nanbui 17 i ynopom 21, 3akpinneHum Ha
nneyi 22 peonneyeBoro Baxensa 16. Hix 15 BMKoHaHO
NiANPYXUHEHUM 3aBASKN MPYXUHI 23, OAMH KiHEUb SKOT
3aKkpinneHo Ha nnedi 22 asonneveBoro Baxensa 16, a
apyrun Ha onopi 18. Mix KpoHwTenHom 13
napanenorpamHoi nigsickv 12 i konipom 14 BCTaHOBMNEHO
amopTusaTop yaapy, SKUA BWUKOHaAHO Yy  BUMAAI
npoknagku 24 3 npyxHoro matepiany, abo, Hanpuknag,
MPY>XVHW CTUCKY.

PE3YIIbTATHU

Mig yac nepemilleHHss TMYKO30GupanbHOI MalluMHK
B3[0BX PSAKIB KOPEHENNOAIB HOXi 7 3pi3yloTb OCHOBHUN
MacuB MYKkM Ta NoAatoTb il NO TpaekTopii HanpaBneHHs
Koxyxa 18 Tak, wob BoHa nonagana B xonob 14, abo Ha
WHek 4. Butkun 16 WwHeka 4 TpaHCMOPTYIOTb MUKy B340BX
oci obepTaHHs WHeka 4 B CTOPOHY MWOro BUXIOHOI
yactmHm 17. [pebiHyactum konmip 21 o6pisyBaya 5
HaKOXXae Ha rorioBKy KOPEHeNnoais, a Hixx 22 nesom 23
piXXy4oi KpOMKM 0OOpi3ye ronoBKy KOpeHensnodiB Ha
3agaHii BMCOTI 3pidy. Y npoueci 3pidyBaHHA TONOBKM
KOpeHennoAiB Hix 22 i ynop 28 BigxundeTbca Ha
BepTMKanbHOMY nanbui 25 [o ynopa 27, BMKOHYHOYU
pi3aHHS METOAOM KOB3aHHS.

Kpim Toro, mig 4ac 3ycTpidi konipa 21 3 ronoskot
KopeHennopais BiabyBaeTbCa yoapHa B3aemopis pobodyoi
noBepxHi Komipa 21 Ta ronoBKM KOpPEHENnoAis, Lo
npu3BoanTb [0 iX BMBanBaHHA 3 TPyHTY, abo
MOLLUKOMXKEHHA. 3aBAsiKM BMKOHAHHIO KOMipa MPY>XHUM,
abo HasABHOCTI amopTu3aTopa yaapy, BUKOHAHOro y
Burnagi npoknagkn 31, cvna ygapy Konipa 3HavyHo
3MEHLLYETbCA 3a paxyHOK TOro, WO YacTuHa eHeprii
yAapy BUTpayaeTbCcsi Ha JedopMauiio amopTu3aTopa,
abo komneHcyeTbea Ha aedopmadiio npoknagkm 31. Le
3HWXKYE BUBarBaHHA KOPEHeNnnoiB 3 [rpyHTYy Ta IiX
MOLLKOZXKEHHS.

[Ona BusHayeHHA  e(EeKTUBHOCTI  BMKOPUCTaHHS
BAOCKOHAanNeHoi KOHCTPYKU;iT [006pi3HMKa, AKNN
BCTAHOBMNEHO Ha MawwvHy, 6ynM npoBeAeHO MOonboBi
NOPIBHANbBHI eKCNepUMEHTanbHi AOCNIIKEHHST KiNbKOCTI
BUOUTMX KOpeHennoAiB 3 TFPyHTY ANnd TpbOX Tuwnis
[o06pi3HuMKIB - cepiliHoro goobpisHuka (pipmu «Kleiney,
«Moreau», «Tim» Ta iH.), B0OOOpi3HUKA, HiX  SGKOro
BMKOHAHWIA MiANPY>XMHEHUM | JOOOPI3HMKA, Y SIKOTO HiX
BMKOHAHUIN NigNPYXMHEHUM, a Komip BCTAHOBMEHWA Ha
amopTu3aTopi, BUKOHAHUM Y BUIMSAI NPYXXHOI NNAaCTUHW.

3MiHHUMK dakTopamu 0BOaKToOpHOro
€KCMeprMEHTY, peani3oBaHOro Ha TPbOX PIBHAX (HWXKHIN
(-1), wHynboBui (0), BepxHin (+1)) BapiloBaHHS
dakTopamu, npuAManu: LWBMAKICTE pyxXy [A00Opi3HUKa
(MawwuHKn) Vwm; BUCOTY po3TallyBaHHA KOpeHensnoAis
BiOJHOCHO nOBepxHi piBHA TIPyHTY hk. Pesynbtatu
KOAYyBaHHS Ta YMCMOBI 3HA4YeHHs piBHI BapiloBaHHSA
hakTopamun HaBedeHo y Tabn. 1.

Table 1

Results of the coding of factors and their variation levels

B Designation of factors The interval of Levels of factors variation,
Coding Natural variation Natural / Coding
Machine speed, m/s Xl Vm 0,3 1,4/-1 1,8/0 2,2/+1
The height of placement of root
crops in relation to soil level, cm X2 hi 3 3/-1 6/0 9/+1

104



Vol.46, No.2 / 2015

The average numeric values of general sample
handling the experiments (the sample size was 100
units) number knocked out root crops from the soil were
inscribed in the corresponding boxes of plan-matrix
conducting two-factor experiments (Tab.2). The
regression equations which were received after
processing of numeric values Tab.2.
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CepefHi uncnoBi 3HaveHHs 0bOpobku reHepanbHol
BMBIpKkK nposefeHnx eKCrnepuMEHTIB (obesar
reHepanbHoi BuOGipkun ctaHoBuMB 100 LWT.) KiNbKOCTI
BMOUTMX KOPEHENMOAIB 3 FPYHTY 3aHOCUIW Yy BiAMNoOBIgHi
rpacn  nnaH-maTpuui  NpoOBeAEeHHA  OBOM(aKTOPHMX
eKkcrnepumMeHTiB (Tabn. 2).

Table 2

Plan Matrix and medium numeric values of two-factor experiments

Factors Of the number of root crops Of the root crops total mass
Ne The height of
n/n | Machine speed, pc'?gsgniﬁ“r;?;t[ggt B, % B, % B, % Bim, % Bam, % Bam, %
i s to soil level, hk,
cm
1 1.4 3 2 1 0 0,3 0,2 0
2 1.8 3 6 4 0 0,7 0,5 0
3 2.2 3 9 6 2 1,1 0,9 0,3
4 1.4 6 7 3 0 0,9 0,4 0
5 1.8 6 17 11 3 2,1 1,3 0,5
6 2.2 6 21 14 7 2,5 1,7 0,9
7 1.4 9 29 17 15 3,3 2,0 1,7
8 1.8 9 43 29 23 51 3,5 2,6
9 2.2 9 54 42 35 6,7 51 4,0

They describe the dependence of change of the
number of partially root crops knocked out from the soil
for three types performing of cutter heads of haulm
remnants on the heads of fodder beet root crops:

— as a percentage of the number of root crops:

Micns 06pobkM YNCnoBMX 3HaYEHb Tabn. 2 oTpUMaHi
PIBHSIHHA perpecii, AKi XapakTepusyloTb 3anexHiCTb
3MiHM KiNbKOCTI BUBUTUX KOpeHennogiB 3 rpyHTy Ansi
TPbOX TUMIB BUKOHAHHSA JOOOPI3HMKA 3amnULLKIB FMYKN Ha
rornoBkax KopeHennozis KopMoBux BypsKis:

- B MPOLEHTaxX Bif KifIbKOCTi KOpeHennogais

B, =—12.64+34.17V, —12.47h, +3.75V,h,—10.42V? +0.98h? €

K —

B,, =10.26+10.83V, —12.78h, +4.17V,h —5.2V? +0.8h} @

B, =57.93-36.7V,,

where Bik — number knocked out root crops from the soil
by a standard re-cutter of root crops heads,%;

B2k — number knocked out root crops from the soil
by re-cutter of root crops heads which has a spring-loaded
knife,%;

Bsk — number knocked out root crops from the soil
by cutter of root crops heads which has a spring-loaded
knife and copier is installed on shock absorber in the form
of an elastic plate,%;

Vm — machine speed, m/s;

hk — the height of placement of root crops in
relation to surface of the soil, cm.

— as a percentage of the root crops total mass

—15.03h, +3.75V,,h, +7.29V? +1.2h? 3)

Ae Bik — KinbKiCTb BUOUTUX KOPEHENIOAIB 3 FPYHTY
cepiiHuM [o06pi3HNKOM, Y%;

B2k — KiNbKiCTb BUOUTUX KOPEHENMOAIB 3 FPYHTY
O000PI3HMKOM, HiXK SIKOTO BUKOHAHO MignpyXnHeHnwm, %;

B3k — KinbKiCTb BUOUTMX KOPEHENMOAIB 3 TPYHTY
O000PI3HMKOM, HiXK SIKOTO BUKOHAHO MigNPYXMHEHNM, a
KOMip BCTAHOBIEHO Ha amopTu3aTtopi, %;

VM — WBUAKICTb PyXy MaLUnHW, m/cC.

hk — BMCOTa pO3MiLLLEHHSI TOSTOBOK KOpeHennoais
BiJHOCHO PIBHSA MOBEPXHi FPYHTY, CM

- B MPOLEHTaX BiJ 3aranbHOI Macu KOpeHennoais:

B,, =—0.13+2.92V, —1.63h_+0.54V, h —1.04V, +0.12h] @)
B,, =2.33+0.25V,, —1.6h,_ +0.5V,,h, —0.31V,? + 0.1/ ®)
B,, =5.83—-3.67V,, —1.6h_+0.42V, h,_+0.73V,7 +0.11h? (6)

where Bim — number knocked out root crops from the soil
by a standard re-cutter of root crops heads,%;

B2m — number knocked out root crops from the soil
by re-cutter of root crops heads which has a spring-loaded
knife,%;

Bsam — number knocked out root crops from the soil
by cutter of root crops heads which has a spring-loaded
knife and copier is installed on shock absorber in the form
of an elastic plate,%;

Based on the analysis of regression equations (1)-(6)
and the response surfaces (Fig. 2-3), it was established
that the character change of the number, Bi, Bim, of the

e Bik — KinbKicTb BUBUTUX KOpEHENnoaiB 3 rPyHTY
cepiiHum goobpisHMKoM, %;

B2k — KinbKiCTb BUOUTMX KOPEHENNOAIB 3 FPYHTY
[00BPI3HMKOM, HiXK SIKOr0 BUKOHAHO MNigNpYyXUHeHUM, %;

Bsk — KinbKicTb BUOMTMX KOPEHENNoAiB 3 IPYHTY
[OO0BPI3HMKOM, HIX SIKOrO BWMKOHAHO MiAMPY>XUHEHWM, a
Konip BCTaHOBMEHO Ha amopTu3aTopi, %.

Ha ocHoBi npoBeaeHoro aHanisy piBHAHb perpecii (1)-
(6) Ta noBepxoHb BIAryky (puc. 2-3) BCTaAHOBMEHO, LLO
Xapaktep 3MiHM KinbkocTi BWOWTMX KOpeHennoais 3
r'PyHTY Bik, Bim ANS TpbOX TUNIB BMKOHaHHA A00Opi3HMKa
O[HAKOBUN - 3i 30iNMbLUEHHSM LUBUAKOCTI pyxy mawmHn Vi
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knocked out root crops from the soil for the three types
re-cutters constructions is the same. With increasing the
machine speed, Vk, and the root crops height hx relatively
to the soil level, the values of Bik, Bim increase as a
percentage of root crops (Bik, B2k, Bsk, Fig. 2) and as a
percentage of root crops total mass (Bim ,B2m, Bam,
Fig. 3). Moreover the largest number of knocked out root
crops from the soil, as a percentage of root crops Bik, and
as a percentage of root crops total mass Bim it is
observed at the standard re-cutter, whose values are in
the range of Bik =5...53%, Bim =1,0...6,5%. Accordingly,
the minimum values of number of knocked out root crops
from the soil Bak=4...34%, Bsm=0,5...3,9% are inherent for
the re-cutter, in which the knife is made spring-loaded
and copier rigidly is fixed on the shock absorber which is
designed as an elastic plate.

L[ | ] ]
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Y
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i BMCOTW pO3TallyBaHHA KOPEHEenmnoAis LWoao piBHA
rPYHTY hk, 3HadveHHs Bk, Bim 30inbwyloTbcs, 9Ky
BiACOTKax BiA KinbKocTi kopeHennogiB (Bik, Bak, Bak,
puc.2), Tak i y BigcoTkax BiA4 3aranbHOi  Macu
kopeHennofis (Bim ,Bam, Bam, puc.3). [pn ubomy
HanbinbLua KinbkicTb BUOUTUX KOpeHennoais 3 rpyHTy Bik,
AK Yy BigCcOTKax Big KibKOCTi KopeHenmnoAis, TaK i Yy
BiQCOTKax Big 3aranbHOi Macu KopeHennodiB  Bim
CMoCTepiraeTbCsl y CepiHOro A000pi3HMKa, 3HaYeHHsI
AKMX  3HAXOOATbCA Yy  AianasoHi Bik=5...53%,
Bim=1,0...6,5%. BignosigHo, MiHiManbHi 3Ha4YeHHSs
KINbKOCTi BUOUTUX KOpeHenmnopaiB 3 rpyHTy Bak=4...34%,
B3m=0,5...3,9% nputamaHHi [0OOBPI3HMKY, Yy SKOrO HiX
BUKOHaHWN  NIAMPY>XMHEHUM, @  KOMip  >KOPCTKO

BCTAHOBMIEHO Ha amopTWU3aTopi, BMKOHAHOrO Yy BUIMsAAi
NPY>XHOI NSIACTUHMN.

OO 42N WWLW

Fig. 3 - The response surface as a functional of Bim =f(Vk,hk)

The significant decrease of the number of root crops
knocked out from the soil, Bsk (Bam) relatively Bik (Bim), it
is reached by replacing rigid processes of the haulm
cutting at the process of cutting by method of sliding the
blade cutting edge of the spring-loaded knife and partial
compensation of the horizontal component of knocked
out root crops through shock absorber.

The placement height of the root crops heads in
relation with the soil level is the dominant factor, which
influence the parameter optimization indicators or the
number of knocked out roots hk from the soil (Fig. 4).

Within the limits of increasing of this factors from 3 to 9
cm, the number of root crops knocked out from the soil of
the working organs of all types re-cutter are increasing:
Bik -on average in 6 times, Bim - on average in 4 times
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3HayHe 3MEHLUEHHS KiNbKOCTi BUOUTMX KOopeHennoais
3 r'pyHTYy Bsk (Bsm) BigHOCHO Bik (Bim) Aocsaraetbcs 3a
paxyHOK 3aMiHM >KOPCTKOro npouecy «3pybyBaHHs»
YepeLLKiB MMYKM Ha Mpouec pi3aHHA MEeTOOOM KOB3aHHS
nesa piKy4oi KPOMKM MiANPY>XMHEHOrO HoXa A4000pi3HMKa
Ta 4YaCTKOBOI KOMMNeHcaujieo amMopTn3aTopoMm
ropu3oHTanbHOi  CKMagoBoOi  cunu BMBanoBaHHS
KOopeHensogais.

[omiHytlouMM hakTopoM, SIKMIA BNNUBaAE Ha MOKa3HUK
napameTtpa onTtumisauii abo  KinbkocTi  BUOUTUX
KopeHennoais 3 I'PYHTY SABNSAETLCSA BMUCOTaA
po3TallyBaHHsl rOfIOBOK KOPEHEeNnnoais BiAHOCHO pPiBHA
I'pyHTY hk (punc. 4).

B mMexax 36inblieHHst gaHoro daktopy Big 3 4o 9 cm
KinbKicTe BUBUTUX KOpeHennoais 3 rpyHTy poboynmu
opraHamu  BCIX  TUMIB  BMKOHaHHSA  O000Opi3HMKa
36inbwyoTbes: Bk — y cepegHboMmy B 6 pas; Bm — y
cepenHbOMY B 4 pasu.
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Fig. 4 - The change dependence of the number of knocked out root crops from Vk and hk:
a — Bk =f(Vk,hk); b — B2k =f(Vk,hk); ¢ — Bak =f(Vk,hk).

CONCLUSIONS

The empirical mathematical models (1)-(6) by the
results of comparable experimental researches were
obtained. They describe the number of knocked out root
crops by working bodies by three types re-cutter of root
crops haulm remnants. The use of mathematical models
can empirically determine the number root crops
knocked out from the soil within the established limits
change of factors.

Thus, the improved design of machine for haulm
remnants re-cutter of root crops of fodder beet consists
in the re-cutter, which is designed as a passive copier
and it is mounted on shock absorbers and with spring-
loaded knife. Using this design is allowed to intensify
the process of removing haulm remnants, while the
number of root crops knocked out from the soil is
reduced by about 1.5 ... 2.0 times.
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