MACHUK LUWYMAPCKOT ®AKY/TETA 6p. 117
BIBLID: 0353-4537, 2018, cTp. 45-62

UDK: 630*30:630*367
OpUrMHaNHU Hay4YHU pag
DOI: https://doi.org/10.2298/GSF170816001D

EOUKACHOCT PAAAIIPU UBEPAIDLY ITAIBEBA MEKMX U TBPAUX
AMNIITRAPA

Ap Aarnaosuh Muaopap, pea. mpod. Yausepsurer y Beorpaay — Illymapcku ¢pakyarer
(milorad.danilovic@stb.bg.ac.rs)

macr. K. AHTonrh Caasuira, acucrent, YausepsureT y Beorpaay — Illymapcku pakyarer

macr. k. Crojuuh Ayman, acucrent, Yausepsurer y Beorpaay — Illymapcku gpakyarer

Macr. urk. Bojsopuh ITajo, crpyusu capapguuk, Yausepsurer y Beorpaay — IlTymapcku ¢pakyarerT
AunA. mik. Buposuh Baapgumup, crpyusn capapsuk, Yausepsurer y Beorpaay — IlIymapcku gpakyarer

MU3Bopa: Yknarare narbeBa Npu OCHUBAkbY 3acafa Tonose je pefloBHA Mepa npunpeme Te-
peHa y um/by edukacHujer odasrbarba PefoBHMX Y3rojHUX Mepa, Kao U CBEOOYXBATHOT KOpU-
whetba ApsHe mace. Mpu NAaHTaXKHOj NPOM3BOAHM APBETA TOMO/E 33 YK/Aakarbe Narbesa
KOpUCTe ce pasnnumnTa cpeactsa paga, Mmehy Kojuma 1 pasHe BPCTe UBepaya arpernpaHux ca
TPaKTOPOM oApeheHnx TEXHUUKUX KapakTepucTuka. Lnmw paga dmo je oueHa edukacHoctH
paga TpakTopa ,Same Laser 150” ca usepauyem ,Rotor S”, npu nBepatrby NakbeBa MeKUX U TBp-
Anx ninwhapa y pasaMunMTum ycnoBMma paga. MictpaxkmBarba cy U3BpLUEHA Ha BULLE OMNeAHUX
nospwuHa Ha noapyyjy JM ,BojsoguHalwyme”. JudepeHumparbe ycnoBa paga U3BpLIEHO je
Ha 6asu Buwwe Kputepujyma (pactojarba M3mehy narbeBa, HMBOA YCMOCTaBe LUYMCKOTr peaa,
HOCMBOCTM Nogyiore, NpoLeHTyanHor yyewha BpcTa gpseha u ap). EbekTn paga npu nseparby
narbeBa yCTaHOB/bEHU Cy CTYAMjOM BpemeHa U pajaa. Bpeme mBepara je Bapupano og 0,82
min/nary 40 2,29 min/nakby, a 3aBUCKIIO je 04, NPeYHMKa Nakba, Pa3BUjeHOCT KOPEHOBOT CU-
cTema, NpeyHuKa CBpPAJIa KOjUM je N3BPLLIEHO Bepatbe, CHare TpakTopa v Ap. Bpeme nBepamsa
nopeg, octanora 3aBucy o4 dpoja Nponasa M NpeyHuKa cepasa. Ha Bpeme npenasa og nawa
[0 nara Hajsehu yTuULAj MMa cTakbe Noaaore, O4HOCHO NPUCYCTBO APBHOT OCTaTKa, M3dojaka
1 KOpPOBCKe BereTauuje. Ha ocHoBy cnpoBefieHWX aHann3a U3BpPLLEHO je paHrnparbe hakTopa
npema 3Hauajy Ha edekte pasa UCTpaxkmsaHor cpeacTsa. [opes Tora, 3aK/bydyeHo je aa ce
bo/bu edekTM paga mory ocTBapuT nomohy KomaHae Koja omoryhyje nomepate arperata
Hanpea—Hasag, 6e3 NOTUCKMBaHba Manyye KBauuaa U notesarba pyyunLe meraya, yrpagrom
pyuumue 3a npomeHy 6poja ob6pTaja M3nasHoOr BpaTnaa y KabuHM Bozaya. TpeHyTHO ce 0Ba py-
yuua Hanasu Ha KyhuwTty andepeHumjana nopes NeBOr TOYKa, TaKo Aa PyKoBaol, mopa Aa
nsahe 13 kaduHe Kako &1 M3BpLWIMO NpomeHy dpoja odpTaja. Mpodaem je WTo TpakTop Same
Laser 150 uma y KabuHu yrpaheHe gynie KomaHge: nanyynue KBaunaa, KOYHUUe 1 raca, me-
HyTim Kaga ce ceamwTe oKkpeHe 3a 180 cTeneHu UCTe ce Hanase Ha Heoarosapajyhoj BUCUHM.
Mopepg, Tora, pykoBaow, Hema L0BO/bHO NPOCTOPA 3a paj Y KabuHu TpakTopa. bosbu ycnoswm 3a
pag, v Behu yunHum octeapunm du ce noseharbem npoctopa 1 60/bUM NONOXKAjeM HaBEeAEHUX
KOMaHAM.

K/byuHe peuu: nas, nBepad, ebekTu, cTarbe nognore, cTyamja paga.
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YBOA

Moansarbe MHTEH3UBHMX 3acafa Tomnosa Ha
anyBMjaSIHUM HAHOCMMa peKa, NpeacTaB/ba Cre-
umduuaH odnnK WymapcTBa, Koju je nogpeheH
NpOM3BOAbM APBETA 33 MEXAHUYKY U XEMUjCKY
npepagy, Kao 1 3a npoussoary dnomace. Y no-
NI0jMa peKa HajBuLLIe Cy 3acTyn/beHU 3acafm To-
nofia Koje KapakTepulle MpPoOu3BOAHa BenKe
KO/IMYMHE ApBeTa y KPaTKOM BPeMeHCKOM nepu-
oay. lobpom npunpemom TepeHa U afeKBaTHUM
Mepama Here 3acafia mory ce octsaputu sehu
NPWHOCKU NO jeAMHULM NOBPLUNHE.

Mpunpema TepeHa npu Noamsary 3acaga To-
nosne je jegHa of 3Ha4yajHUX mepa y LUu/by OCTBa-
perba BUCOKMX NpUHOCa ApBHe mace. lNpe caatbe,
Ha NoBpLIMHAMA rae je NPeTX04HO U3BPLUEeHa Yu-
CTa ceyva, obaBsba ce MBepatbe NakbeBa Kao jeaHa
oA, Mepa npunpeme TepeHa.

YKnarbatbe NareBa ca NOBPLUMHE 3a cafmby je
aKTUBHOCT Kojom ce omoryhyje ocHMBatrbe 3acaja
Ca NpaBWIHUM pacrnopenom caghe 1 eduKacHa
npuMeHa caBpeMeHe MeXaHW3auuje, CXOAHO
TOME W OCTBapMBakbe BEIMKUX YUMHaKa.

MarbeBMHa y 3anpeMnHU KPYMHOT ApBeTa yye-
ctByje og, 25% n0 30% W YMHW 3HATHY KONUYUHY
ApBETA Koje ce MOXe KOPWUCTUTU 33 pasnnuute
HameHe (Nikoli¢, 1993).

MexaHn30BaHa cpeAcTBa Koja ce KopucTe 3a
YKNarbakbe NarbeBa Cy pasHe BPCTe uBepaya, ype-
hHaja 3a Bahewe namesa u ap. Osu ypehaju cy
NPUK/bYYEeHN Ha TpakTope oarosapajyhux TexHuy-
KWX KapaKTepucTuKa.

MBepare narbesa Ao caga je duno npeamer
ucTpaxkunsarba seher dpoja ayTopa.

Galecic¢ (1972) je odjaBno pesyntate npoy-
YaBatba edekaTa pasa TpakTopa ,,MF 1080” ca
ypehajem , Levaceppi Ellettari”. Y paay ce HaBoae
npegHoOCTU MexaHn3oBaHor Bahera NareBUHe y
O4HOCY Ha PYYHO, MpW Yemy UCTUYE Ja je mexa-
HM30BaHO Bahere NakeBa M 40 YETUPU NyTa UC-
nnaTusuje.

Markovi¢ (1973) je n3BpwIMo KOMMNapaTUBHY
aHanu3y edekata paga Tpu pasnnunta ypehaja 3a
Kpuere namesa (,International Drott TD-14",
,Rotor cavaceppi” v ,Tritaceppi Ellettari”). Ypehaj
,Tritaceppi Ellettari” ntannjaHcke npounssoatse ce
MOKa3ao Kao Hajbosbe peluerse.
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Dokovi¢ (1983) je uctparkmsao edpeKkre paga
npu Kpyery naresa darepom ,,BGH-100". Lobu-
jeHM pe3ynTaTu yKasyjy Ha To ga cy epekTu paga
Y UCTPAXKMBAHWM YC/IOBMMA, Ca OBOM TEXHOIOTU-
jom, domu op arperata ,Elefante-Ellettari” 3a na-
teBe npeyHuka o 40 cm. Takohe HaBoau u
oapeheHa KOHCTPYKTMBHa nodosbluatba pagHor
ypehaja barepa.

Ha ocHoBY ucTpamBarba edekaTa paga Tpak-
Topa ,Elefante” ca ypehajem ,Levaceppi Ellettari”
npwu Kpuery naresa Tonona
Populusxeuramericana, KnoH ‘Ostia’, KAoOH
‘Robusta’ 1 knoH ‘1-214’ youeHa je 3HaYajHa 3aBU-
CHOCT BpemMeHa Kpuyerba NakbeBa Of NpeyHuKa
narba 1 pactojarba narbesa. Ca noseharem npeuy-
HMKa Narba pacte Bpeme MBeparba Kao U dpoj
nposiasa cepgna. Mctmye ga cHara mOroHcKor
arperata He yTudye Ha Op3uHy paga ypehaja 3a
npeyHuKe naresa go 40 cm (Jezdic, 1987).

Jezdi¢ nStanimirovic (1988) uctpaxkusanm
cy edeKTe pasa TpakTopa ,,Rakovica 120”7, ca ype-
hHajem ,,Rotor”. BplweHo je ynopehusare Haseae-
Hor ypehaja ca Tpaktopom ,Elefante” koju nma
npuK/byyakK ,Levaceppi ellettari”. JodujeHun pe-
3yNTaTW, HAaKOH U3BPLUEHWX aHanM3a, yKasyjy Ha
TO Aa pacTojatbe u3mehy narbeBa, NpeyHUUM na-
HeBa, NPeTxXoAHa Npurnpema TepeHa Ha CevyunHu
Kao M BeLITMHA PyKOBaoL,a, HEMOCPeaHO yTUYy Ha
edekat paga vBepava.

Danilovi¢ nTomasevi¢ (2000) yctaHoBUAU
cy Hopme paga Tpaktopa ,Elefante” ca npukbyu-
Kom ,Ellettari” npu Kpyerby naresa eypoamepuu-
ke Tonone Populusxeuramericana ‘I-214’, ctapo-
ctn 34 roanHe. OBM ayTOpU HaBOAE [a BEUNKM
yTUUaj Ha edukacHocT ypehaja nma BewwTuHa U
MCKYCTBO pPyKOBaoLa.

Danilovi¢ et al. (2009) uctpaxunu cy edpek-
Te paja Ha NoC/I0BMMA MBEpakba NakbeBa TPAKTo-
pom ,Same Laser 150” ca ypehajem ,Rotor S”.
MpeameT MBeparba Cy NarbeBU eypoamepUuyKmx
TOMoMA U aMepuyKor jaceHa. HakoH M3BpLUeHMX
aHanusa, AodujeHn pesynTaTu yKasyjy Aa Bpeme
mBeparba pacte ca noseharbem dpoja nponasa
CBPA/a, A A2 pa3mak cafikbe yTUYe Ha Bpeme npe-
Nasa, Kao U Ja Npunpema TepeHa npe MBepaka
3HATHO YTWUYE Ha YYMHaK.

Picchi (2012) je ucTpaxkmMBao eKOHOMMUYHOCT
Kopuwherba SMomace o LyMCKe NarbeBuHe. Ak-
LeHaT je S0 Ha oacTpatbUBaky BAare U Nodosb-
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Cnuka 1. Tpaktop ,Same Laser 150“ ca nepayem
,Rotor S“

LWakby Ka/sopujcKe BPeaHOCTU LYMCKOT OCTaTKa

KOjV MMa BEIMKM 3Ha4aj Kao SMOEeHepreHT.
Yudego et al. (2015) ucnutmnsanu cy npoayK-

TUBHOCT Y eKOHOMCKe edeKTe Kopulwherba Narbe-

BUHE.

HaBegeHu KpaTKu NpuKasu gocafallkbux Uc-
TpauBakba NoKa3syjy 3Ha4yaj MexaHM30BaHOr MBe-
patba NarbeBa, Kao M TeXKHbY 3a Aa/bUM UCTPaXKK-
BarbMMA BE3aHMM 33 TEXHOJOLWKO yHanpehuBatrbe
ypehaja 3a nBepatrbe narbesa.

Y3rojHe mepe y 3acaZvma Tornosna cy Beoma
WHTEe3UBHE, MOYEB Of Npunpeme TepeHa U 3e-
M/bULLTA 33 NOLWYM/baBakbe Na 4O Mepa Here Koje
ce crnpoBsoje y Maaaum cactojuHama. MNpunpema
TepeHa NofpasymMeBa yK/arbatbe LWYMCKOTr OcTaT-
Ka HaKOH ceye My/n4Yuparbem, crasbMBakbem W
mBeparbem narbeBa.

Lum nBeparsa narbesa je odesdehere ycno-
Ba 3a do/by Npunpemy 3em/bUlITa Tj. Oparbe U
TakbMparbe, NpaBuaaH pacnopes cagrbe cagaHuua,
Kao n edunKacHuje n3Bohere Mepa Here mnaamx
3acafja.

Y WU ,,baHat” MNaH4YeBO y NPETXO4HMX MET ro-
OMHa MakbeBU cy MBepaHu Ha oko 260 ha. Oso
rasgMHCTBO MBepatbe narbeBa odaB/ba ca Tpwu
TpaKTopa:

1. ,Same Laser 150” ca nsepayem ,Rotor S” (Ha-
bassbeH 2008. roa.) Koju je npegmeT UcTpa-
JKMBatba Yy OBOM pagy,

2. ,Same Laser 150” ca usepayem ,Rotor S” (Ha-
6asbeH 2012. roa.) u

3. ,Rakovica 120” ca nsepauem ,Rotor S” (Hada-
B/beH 2008. rog.).

MpefmeT UCTPaXKMBatba Y OBOM pasy je Tpak-
Top ,Same Laser 150” ca uBepayem ,Rotor S”
(Cnuka 1) npu nBeparby NarbeBa MEKUX U TBPAUX
nuwhapa y pasanymMTim ycaosrma paga.

CHara TpakTopa je 111,9 kW, ca makcuman-
HUM O0OPTHUM MomMmeHTOM o 570 Nm u Ha u3na-
3HoM Bpatuay 540/1000 o-min™t. Maca usepauva
je 2600 kg.

Martepumjan u metop, paga

CHMMake paga TpakTopa ,Same Laser 150”7
ca uBepayem ,Rotor S”, npu mBeparby Naresa
M3BPLUEHO je Y PasauyuTUM ycnoBMMa paja Ha
neT orneAHuX MNOBpLWMHA nocTaB/beHnx y LUT
,baHat” MaHuyeBo. OrneaHa nosplumnHa (OM) 4 no-
cTaB/beHa je y [ ,Topwe MoTamuwje”, ornegHe
nospwuHa 1 n 5 nocrasmweHe cy y [ ,[dore
MoTamuwje”, a ornegHe nospliMHe 2 1 3 nocTa-
B/beHe cy y [ ,[owe MNogyHas/mwe”. Monoxaj
ornefHvX NOBPLUMHA NPUKA3aH je Ha canum 2.

OCHOBHE KapaKTepUCTUKe OriegHUX NOBPLUN-
Ha npuvKasaHe cy y Tabenu 1.

Ha cnmkama og, 3 0o 5 npukasaHo je neeparbe
naresa.

AR : i SR
Cnuka 2. KapTa nonoxaja orneaHux nospLumHa
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Tabena 1. OCHOBHE KapaKTepuUCTMKe orieaHux nosplunHa (¥ nssop: ocHoBe rasgoBarba Wwymama 3a I, [ore
MNotamuwije”, ,, Oore MogyHaswbe” n ,Foprbe MNoTtamuwwije”)

OrnepgHa
NoBpLUNHA

raspuHcka
jeauHuua

Opemere/
oacek

MNosplunHa, ha

Bpcra gpBeha

KnoH

Crapoct
3acaga

Pasmak
cagwe, m

bpoj ctabana,

kom/ha

TemesbHUUa,
m?/ha

3anpemuHa,
m3/ha

MoroHcKa
MalKrHa

MpuK/byYak

Buasbusocr
naweBa us
KabuHe

Bpoj nsepaHunx

nakbeBa, KOM

MpoceuHn
NPeYHUK
narweBsa, cm
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oni on2 ons
[ore [ore [ome
MNoTamuwje MNoayHaBwbe MNoayHasbe
16a 526 51u, x
36,03 9,28 4,16
Tonona Tonona Tonona
Populus
214 deltoides M1 214
27 28 25
5x5 6x6 6x6
320 217 243
20,6 27,5 19,8
295,2 4429 329,7

Same Laser 150 Same Laser 150 Same Laser 150

Rotor S, Rotor S, Rotor S,
®1200 cm @ 860 cm @ 1200 cm
Ha 15% Ha 15%
Ha 10% nospLinHe nospwmuHe
Hanasu cce Hanasu ce
noBpLUMHe
LIYMCKM LUYMCKM
Hanasu ce
oCTaTak, Kao U OcCTaTak, Kao U
LIYMCKM . .
n3bojum us nsbojum us
ocTaTak
narbeBsa nakbeBa BUCUHE
BucHHe 1,5 m 1,5m
914 376 442
41,1 63,9 52,4

ona ons
loprbe [owe
MoTamunwije MNoayHaswe
946 51
7,84 3,27
Tonona Tonona
1-214 1-214
32 31
5x5 5x5
208 230
31 31,8
531 576,1

Same Laser 150 Same Laser 150

Rotor S, Rotor S,
@ 1200 cm @ 860 cm
MpeTtxoaHO MpeTtxogHoO
U3BpLUEHO N3BpLUEHO
MyNYnpatrbe Mynumpar-e

LUYMCKOT LyMCKOT

ocTaTKa. JJobpa ocTaTKa. [obpa
BUA/bUBOCT BUA/bUBOCT
narbeBsa. narbeBsa.
449 265
58,5 60,52
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Cnuka 3. VBepatrbe narba Ha OMM1

UcTpaxkmBatrbe edekaTa paga Tpaktopa ,Same
Laser 150” ca usepayem ,Rotor S” Ha nocnosnma
nBeparba NakbeBa 3aCHOBAHO je Ha Mepekby Bpea-
HOCTM MOjeauHUX efemeHaTa TOKOM paja Kao u
neduHUCary YCI0Ba Y Kojuma ce oABKja npouec
paga.

HajBakHuWju dbaKkTOpU, 04, KOjUX 3aBUCKU YYMHAK
npu nBeparby Nakbesa Cy: NPOCEYHN NPEYHUK na-
Ha W NPOCEYHO Bpeme Nnpesiasa of Nakba A0 Nakba.

Ha &a3u nsBpLieHor cHMMaHa, YCTaHOB/bEHO
je NnpunNpemHo-3aBpLIHO Bpeme Tj. Bpeme yTpo-
WeHOo 3a npunpemy cpeacrtaBa 3a paj, Bpeme
MBepakba CBAKOr Nakba, Bpeme npenasa oA namwa
L0 Nakba, Bpeme 3acToja. [Mopepn TOra, ycraHo-
B/beH je 6poj Nponasa cBpA/ia 3a CBAKW Nakb.

3a cBaKy orneAHy NOBPLUMHY U3BPLLEH je onuc
TepeHa (BMA/LMBOCT NarbeBa M3 KabMHe BO3aua,
Kao M OMUC eBEeHTYa/IHUX Npenpeka Ha TepeHy
KOje oTeKaBajy KpeTakbe TpakTopa). Y oBUM uC-
TpaknBarbMMa NpMmereHa je CTyanja BpemeHa 1
paga.

Pe3syntatu ucrpaxkmsama

BpegHoCTM mepeHux enemeHaTa nNpu nsepa-
kY MarbeBa y 3acaguma TOonosie NpuKasaHe cy y
Tabenn 3.

Ha cBum ornegHum nosplUvHama MU3BPLUIEHO
je nBepare 2439 naresa. lMpocevyHn npevyHULn
nawesa Kpetanu cy ce og 41,1 cm Ha ON1 pgo
63,9 cm Ha OfM2. MpeyHuum cTadana Tonone, a
caMMM TUM W NarbeBa 3aBUCE 0f, BeAUKOr Opoja
dakTopa, npe cBera of, CTaHULIHMX YC/10Ba U pas-
MakKa cagHbe, ofLHOCHO 6poja cTadana no xeKTapy.
Matbu npeyHnum narwesa Ha OM1 mory ce odja-
CHUTW Benukum dpojem cTadana no xekTapy u
HEenoBO/bHMM CTAHWULIHWM YCA0BMMA 3a rajerbe
Tonone.

Cnuka 4. Misepare narba Ha OMN2

il

CnukKa 5. MBepare narba Ha OMN3

Tabena 2. EnemeHTV nBepatba NarbeBa

OrnepHe Np Dp Npr n
nospLinHe KOM cm Kom pr

oni1 914 41,1 967 1,06
onz2 369 63,9 1066 2,89
ons3 442 52,4 719 1,63
on4 449 58,5 732 2,73
ons 265 60,5 723 2,73

YKYIMNHO 2439 = 4207 =

Np — yKylaH 6poj daresa, Dp — UpOCeYHU UpeYHUK
uarba, Npr— yKytdaH &poj tponasa cegna n,= upoce-
yaH &poj Uponasza cegna Go tarby

bpoj nponasa ceBpana 3aBUCKM Of, NPEYHMKA
nakba, Pa3BUjeHOCTU KUAULLITA U NPEeYHUKa CBp-
Ana KopuwheHor npu neepary naresa. Hajma-
K Opoj Nponasa cepaaa No jeaHoOM Makby 3ade-
nexeH je Ha Ol rge je NpoceYyHM NpPeyvYHuK
MBEPAHUX NarbeBa MO HajMaku U rae je 3a uBe-
patbe KopuwheHo cBpaao npedyHmka 1200 mm,
[OOK je Hajsehu dpoj nponasa cepgna dmo Ha OMM2
rae cy NpocCeyYHW MpeyvyHuLM MBEepaHWX Narbesa
Hajsehu, a 3a MBepare je KopuwheHo cBpano
npeyHnka 860 mm. Takohe, npumehyje ce aa je
Ha OM5 npoceyaH 6poj nponasa cepana sehu y
opHocy Ha ON4. Pasnor je kopuwhere cepasia
npeyHmnka 860 mm Ha OM5 y ogHocy Ha OM4 roe
je KopuwheHo cepgao npeyHrka 1200 mm.

MuHMManHe, MakCMManHe n cpeare BpesHo-
CTU1, Kao W CTaHAapAHa AeBujaLmja BpemeHa vBe-
parba M BpemeHa npesnasa oA Markba A0 Nakba
npukasaHu cy y tabenn 3.

MpoceyHa BpemeHa MBeparba Narbesa U Npo-
ceyHa BpemeHa npesasa of nakba 0 nakba npu-
KasaHa cy y Tadenu 4.
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Tabena 3. MuHMManHe, MakcMMasaHe U CpeaHe BpeaHOCTM U CTaHA4apaHa AeBujaumja

MepeHu enemeHTH

Bpeme mBeparba (min/kom)
Bpeme npenasa of narba A0 Nakba (Min/kom)

Bpeme nBepatrba (min/kom)
Bpeme npenasa of nakba 40 nakba (Min/kom)

Bpeme vBepatba (min/kom)

Bpeme npenasa of narba 40 Narba (mMin/kom)

Bpeme nBeparba (min/kom)
Bpeme npenasa of nakba 40 nakba (min/kom)

Bpeme mBeparba (min/kom)

MakcumanHa MwuHumanHa Cpegma
BpeaHoOCT BpegHoCT BpegHoCT d

OrnegHa nospwmHa OM1

2,73 0,05 0,82 0,26

2,40 0,10 0,58 0,20
OrnegHa nospwmHa ONM2

6,67 0,27 2,29 1,23

6,67 0,20 0,94 0,61
OrnegHa nospwwnHa O3

5,58 0,38 1,36 0,75

7,08 0,42 1,58 0,73
OrnepHa nospwwuHa OlM4

4,35 0,27 1,41 0,85

2,97 0,15 0,69 0,36
OrneaHa nospwwuHa OM5

7,30 0,32 1,76 1,16

2,92 0,08 0,81 0,57

Bpeme npenasa o4 nakba 40 Nakba (min/kom)

Tabena 4. NpoceyHo Bpeme vMBepatba Nakbesa u
npoce4yHo Bpeme npenasa

OrnepHe T, or
NoBpLINHE min/kom min/kom
oni 0,82 0,58
onz2 2,29 0,94
ons3 1,36 0,63
on4 1,41 0,69
ons 1,76 0,81

MpoceyHo Bpeme mBeparba 3aBUCK, Npe CBera,
opg, BpcTe gpseha, NpeyHMKa naka, PasBujeHoCTH
»®unuwra n ap. Oso speme Kpehe ce og 0,82 min/
namy Ha Ol1 rge je NpoceyHn NPeYHUK MBEPAHNX
narbeBa Hajmaru, Ao 2,29 min/narby Ha OMM2 rae
je NpoceyYyHn NpeYHNK NBEPAHNX NarbeBa Hajsehu.

Bpeme npenasa 3asucu og mehycodHe yaasbe-
HOCTM NareBa, 3aTUM BUA/bMBOCTM MareBa U3
KadMHe BO3aya, 3aCTyM/beHOCTM LYMCKOT OCTaTKa,
3aCTyN/beHOCTM M3b0jaKa U3 NareBa U CTakba Mo-
anore. Cpearbe Bpeme npesasa of, nakba 40 Nakba

(o)
(e}

kpehe ce og 0,58 min/nary Ha OMN1 rae ce Hana-
310 Hajsehu dpoj cradana no xektapy, go 0,94
min no naky Ha OMN2 rae ce Hanasmo marbu Spoj
ctadana. Ha gyke Tpajatbe BpemeHa npenasa Ha
OM2 ytuuanu cy nopen mawer dpoja ctabana no
XeKTapy W iowa nognora, Tj. AyOOKM KonoTpasu
HacTann TOKOM npBe ¢ase TPaHCnopTa Kao 1 /o-
WKja BUA/bMBOCT NarbeBa M3 KadnHe BO3aua.

ToKkom aHanu3e 3acToja, o4 YKynHOr BpeMeHa
3aCcToja oAy3eTW Cy HeonpashaHM 3acToju, a
OonpaBAaHu cy rpynucaHn y YeTupu rpyne: npu-
NPEMHO 3aBPLUHO Bpeme, TEXHONOLKN 3acToju,
OpraHM3aLMoHM 3acToju U O4MOPM.

Y 1tabenn 5 npuKasaHo je NpoceyHo Bpeme
onpaBAaHMX 3acToja MO AaHy WM MPOLEHTYasHO
yyewhe 3acrtoja.

EdbeKkTMBHO Tpajarbe pafHOr AaHa 3a CBaKy
ornegHy NoBpLUKHY yTBpHEHO je TaKo LWTO je op,
OCMOYACOBHOr pagHor BpemeHa 6e3 nayse 3a oa-
MOp OAy3eTo Bpeme onpaBgaHuMX 3actoja. Y npu-
NPEeMHO-3aBPLIHO BPeme YK/byYeHo je Bpeme cu-
narba ropusa, npernega v umwhera cpeacrsa
paZa Ha NoYeTKy M Ha Kpajy pagHor gaHa. Cunare
ropvsa Bo3ay HMje 0daB/bao CBAKOr paHOr AaHa,
Beh yrnaBHOM cBaKor gpyror pagHor gaHa. Oso
Bpeme M3HOCM npocedyHo 25 min/gaH 3a cee
orfieaHe NoOBpLUMHE, @ A0OMNjeHO je Kao KOMMYHUK
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Tabena 5. MpoceyHo Bpeme OMpaBAaHMX 3acToja M NpoLeHTyanHo yyewhe 3acToja

Bpeme MpunpemHo-
onpaBAaHUX O RO RIS s o Opmopu 3aBpLUHO YKynHo
Ornepne B . 3acToju 3acToju AMOP P ¥
noBpLUNHE 3acToja Bpeme
min/paH %
oni 62,93 - 16 44 40 100
onz2 64,16 27 5 28 39 100
ons 86,00 36 11 24 29 100
on4 58,26 11 0 46 43 100
ons 69,16 32 14 18 36 100

YKYNHOT MPUMNPeMHO-3aBpLUHOr BpemeHa 3a cBe
ornegHe nospLlMHe 1 dpoja pagHUX gaHa. Bpeme
nyToBarba O, MecTa NapKuparba TPaKTopa Ao pa-
AWNUWITA M Ha3af je Beoma BapujadunHo, Tako Aa
OHO HUje y3eTo y 0031p Npu yTBpHMBatby yunHaKa.

Ha ocHoBy pe3yntaTta aHanM3e BapujaHce Npo-
n3nnasu ga usmehy npoceyHor BpemeHa MBepa-
wa (F-4,16, p-0,032) Ha orneaHUM MOBPLUMHAMA
NnocToje CTaTUCTUYKM 3HaYajHe pas/InKe Ha HUBOY
3HayajHocTn 95%, OAHOCHO CTAaTUCTUYKM 3HAYajHe
pasnuke noctoje namehy ornegHe nospwmHe 1 n
OCTanUX ornefHuX NOBPLUNHA.

3a cBaKy ornegHy NOBPLUMHY UCMNUTUBAHA je
3aBWCHOCT BpeMeHa MBeparba M NPeyYHnKa Nakoa,

a 3aBWUCHOCT dpoja nponasa cBpA/ia U NPeyvHnKa
narba Ha YeTUpU orieHe POBpPLUMHE.

Mcnutuearbe 3aBUCHOCTM BpeMeHa UBeparba
o4, NPeYHMKa narba, Kao 1 3aBUCHOCTM dpoja npo-
/1a3a CBPA/1a Of, NpeYHMKa Nakba, NpUKasaHo je y
Tadenu 6.

Bpeme nBeparba nakeBa pacte ca noseha-
HeM MpeyHnKa nama. Y cBUM cutyaumjama paam
ce 0 jaKoj unu Bp/IO jaKoj KopenaTMBHOj NoBesa-
HOCTM npomeHsbMBUX. Mopeps Tora, ca noseha-
HEM NpeyHMKa Nakba pacte dpoj nposiasa cepana.

3a jaumnHy Bese KopuwheHajeRoemer—-0
rphal’s pacnogena.

3aBUCHOCT yUMHAKa Of, NPeYHMKa Narba 3a cBe
ornegHe NOBpLUMHE NPKUKa3aHa je Ha rpadukoHy 1.

Tabena 6. 3aBMCHOCT BpemMeHa vMBepakba 04 NPeyYHUKa nakba M 3aBUCHOCT Opoja Nposiasa of, NpeyYHMKa narba

n(;::)T::e on1 on2 on3 ona ons
3aBUCHOCT BpeMeHa 1Bepatba 0/, NPeyHMKa Narba

oo T=atb:D, e
a 0,196 1,241 1,322 1,513 11,397
b 0,0151 0,0302 0,030 0,0288 0,0285
R 0,582 0,893 0,877 0,857 0,881
Sx 0,209 0,275 0,277 0,305 0,322

3aBMCHOCT dpoja Nponasa cBpA/a Of, MPeYHMKa Matba

3:’;’::::;; T=eovo, T=(a+b:D)’  T=a+b-D, T=esso,
a -0,305 0,457 11,353 -0,760
b 0,0083 0,0183 0,0569 0,0194
R 0,481 0,904 0,806 0,756
Sx 0,151 0,161 0,578 0,296

* 3,6 — napameTpu GyHKLMje 3aBUCHOCTH, R — KoeduLMjeHT Kopenaumje, Sx — cTaHZapHa rpeLlka perpecuje
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Tabena 7. Roemep — Orphals pacnogena

JaunHa . . .
. He noctoju  Jako cnaba cnaba cpenma jaka Bpno jaka  nmotnyHa
Kopenauuje
KoeduumnjeHt
N 0,0-0,1 01025 02504 0405 05075 07509 091
Kopenaumje -R
Te n 6poj nponasa cepgna. MpoceyaH 6poj npo-
400 nasa CBpA/sa 3aBUCU U Of, NMPeYHUKa cBpAaa ca
T 0 oni1 Kojum ce odaB/ba MBeEpatbe. Y 0BUM UCTPaXKMBa-
% 300 onz HUMa HajmarbM Opoj Nponasa cBpANa Po jeaHOM
=S ons narby 3abenexkeH je Ha OMN1 raoe je npoceyHu
2 ona NPEeYHUK MBEPAHMX NatbeBa HajMakbu, a Npu nBe-
o 200
X parby KopuwheHo cBpas/io npeyHnka 1200 mm.
< 150 ons
g Bpeme npenasa oA naka 40 Nakba 3aBUCK 0Of,
z o tbuxose mehycodHe yaa/beHOCTU, KONNYMHE U
50 CTPYKType APBHOr OcTaTKa, nojaBe M3dojaka u3
0 nakeBa, NPMUCYCTBA KOPOBCKE BereTacuje 1 cTama
0 20 40 60 80 100 120 H
nognore. Oo Bpeme Kkpehe ce og 0,58 min/nary
Cpeatby npedHuk natba (cm) Ha OMN1, rae je Hajsehu dpoj ctadana po xekTapy

MpadumKoH 1. YnopeaHu NpuKas 3aBUCHOCTM YYUHKA
OfL MPeYHUKa Narba 3a CBe orneAHe NoBpLINHE

AUCKYCHJA

Pesyntat ncTpaxkmBara NoKasyjy ga Bpeme
MBeparba NakbeBa 3aBUCKU Of, NPEYHUKA Namba, Tj.
ca noseharbem NpeyHMKa Narba pacte Bpeme nse-
patba. MpoceyHo Bpeme MBeparba NakeBa 3aBUCH
npe csera oa spcTe ApsBeha, NpeyHuKa narba, pa-
3BMjEHOCTM XuamwrTa n gp. NMpoceyHo Bpeme mnse-
pakba y 0OBMM UCTpaXkmearbMma Kpehe ce og 0,82
min/narby Ha Ol1 rae je NPOCeYHMU NPEYHUK nBe-
paHMX MarbeBa Hajmarbu A0 2,29 min/nary Ha
OMN2 raoe je NpOCeYHU NPEeYHMK MBEPAHMX NaHeBa
Hajsehu. Jo canyHux pesynTata gowao je Jezdic
(1987) wuctpaxyjyhu edeKkte paga TpakTopa
Elefante ca ypehajem Levaceppi Ellettare npu Kp-
Yery narbeBa Topona Populusxeuroamericana
‘Ostia’, knoH ‘Robusta’ n knoH ‘I-214’. Mopeg Tora
YCTaHOBMO je Aa CHara MOroHCKOr arperata He
yTnde Ha Sp3uHy pasa ypehaja 3a npeyHuKe na-
weBa 4o 40 cm.

Pe3yntat oBWMX UCTpakMBarba, Kao U pesyn-
TaTM ucTpaxkusamwa Jezdié¢ (1987), Jezdi¢ wu
Stanimirovi¢ (1988) u Danilovi¢ et al., (2009)
nokasyjy fa ca noseharem npeyHnKa narba pac-

)]
\S]

80 0,94 min/nary Ha OMM2 rae je 3HaTHO Marby
6poj ctabana no xekTapy. Ha ay»e Bpeme npena-
3a Ha OM2 ytuuanu cy, nopen marer dpoja cra-
6ana po xeKTapy 1 HenoBO/bHM YCI0BK TepeHa Tj.
nyOOKM KOMOTPasK, HacTanmM TOKOM npse ¢ase

TPaAHCNOPTa, Kao M NowWa BUA/bUBOCT Narbesa u3

KaOuHe Bo3aya. [lo CIMYHMX pesynTaTa AOLWAn cy

n apyrm aytopu (Jezdic¢, 1987, Jezdié un

Stanimirovi¢, 1988, Danilovi¢ et al., 2009). Y

[0CafallbUM UCTPAXKMBakbMMa UCTAKHYT je 3Ha-

Yaj BELUTMHA pPyKOBaoL,a Ha edeKaT pasa Meepaya

(Jezdi¢ n Stanimirovi¢, 1988, Danilovi¢ u

Tomasevic, 2000)

CBW 3aCTOjUM Cy CBPCTAHM Y YETUPU Fpype: Npu-
NPeMHO-3aBpPLIHO BPeEMe, TEXHONOLWKM 3acToj,
OpraHM3aunoHu 3acToj n oamopu. Tpajatbe 3acTo-
ja 3aBucK og, dpojHUx dakTopa U y OBUM UCTpa-
»usarbmma Kpehy ce og 58,26 min/gaH Ha OMN4
[0 86 min/pgaH Ha ONM3.

OcTBapeHu yunHLM 3aBuce of, dpojHUX paKTo-
pa, M3Mehy OCTanor 1 04, TEXHUYKUX KapaKTepu-
CTWKa TpaKTopa.

Behu yumHum mornm &u ce octBapuTn §o/bUM
KOHCTPYKTUBHUM peLleruma:

e yrpagra power shift komaHge Koja omoryhy-
je nomeparbe arperata Hanpeg — Hasag 6es3
NOTMUCKMBAHbA Manyye KBaAyMaa M MoBiaYera
pyuyumLe meraya,
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e yrpaarba pyuuue 3a npomeHy dpoja odpTaja
M3nasHor BpaTuna y KadvHu Bosava. Osa py-
yvua Hanasu Ha Kyhuwty andepeHumjana
nopez, IeBor TOYKa, TaKo Aa PyKoBaoL, Mopa
Aa nsahe n3 kaduHe Kako 61 npomeHno Spoj
0o6pTaja,

® TpakTop ,Same Laser 150” uma y KaduHu
yrpaheHe gynie KoMaHAe: manyyuue KBauu-
Na, KoyHuue v raca. Mehytum, Kaga ce ceau-
wTe okpeHe 3a 180 cteneHu ucte ce Hanase
Ha HemoBOJ/bHOj BUCMHMU. Mopes Tora, pyKoBsa-
oL, HeMa [,0BO/bHO NPOCTOpPa 3a paj, Tako Aa
ce Npu uBepakby Hanfasu y HeNoBO/bHOM MoO-
noxKajy. bosbu ycnoswm 3a pag u sehu yunHum
octBapuhe ce nocsne nosehara npocropa u
NnpoMeHe Mo/I0¥Kaja HaBeAeHUX KOMaHaM.

3AKAYYIH

HaKoH M3BpLIEHMX aHann3a MOry ce M3BECTU
cnepehu 3akmwpyyum:

® Bpeme MBepatba Makba 3aBUCU Of, MPEYHUKA
narba, Tj. ca noseharbem npeyHuKka nosehasa
ce 1 Bpeme mBepakba nama. Ha Ol11 osa 3a-
BMCHOCT je NMpuKasaHa /IMHeapHOM GyHKLU-
jom, a Ha ocTanuMm ornegHMM NoBpLlUIMHaMa
EeKCMOoHeHUMNjaIHOM,

e Opoj nponasa cBpAsia 3aBUCK 0f, NpPeyYHUKa
naka, Tj. ca nosehatem npeyHnKa nosehasa
ce u dpoj nponasa cepana. Kapakrep ose 3a-
BUcHocTM Ha OM3 un OMN5 je nuHeapaH, a Ha
0on1i, ON2 wn ON3 HennHeapaH,

e Bpeme npenasa oj narba A0 Nakba 3aBUCK Of,
OpojHUX dpaKTopa Kao wTo cy: mehycodHa yaa-
Jb€HOCT MarbeBa, KONMYUHE APBHOM OCTATKa,
npucyctea nsdojaka u3 NarbeBa, Nojase KOpPo-
Ba M CTatba nogsore,

e (CTepeH Npunpeme TepeHa npe MBeparba na-
HEBa 3HAYajHO Ce oAparkaBa Ha YKYMNHO Bpe-
me uBepaka. bosbom npunpemom TepeHa
cMatkbyje ce Bpeme npenasa W nosehasajy
YYUHLM U

e nodosbluatbeM TEXHUYKMX pellerba TPaKTopa
nocturnu &u ce do/bM yCA0BK 3a pag, a TaKo-
he n sBehu yumHum.



Danilovi¢ Milorad, Antonié¢ Slavica, Stojni¢ Dugan, Vojvodié¢ Pajo, Cirovi¢ Vladimir

EFFICIENCY OF STUMP CHIPPING OF SOFT AND HARD BROADLEAVES

Dr Danilovi¢ Milorad, full professor, University of Belgrade, Faculty of Forestry (milorad.danilovic@stb.bg.ac.rs)
MSc Antoni¢ Slavica, teaching assistant, University of Belgrade, Faculty of Forestry

MSc Stojni¢ Dusan, teaching assistant, University of Belgrade, Faculty of Forestry

MSc Vojvodi¢ Pajo, professional associate, University of Belgrade, Faculty of Forestry
BSc. Cirovi¢ Vladimir, professional associate, University of Belgrade, Faculty of Forestry

Abstract: Stump removal is a regular measure of terrain preparation during the establishment
of poplar plantations. It isimplemented in order to increase the efficiency of implementation of
regular silvicultural measures, but also the efficiency of comprehensive wood mass utilization.
Stump removal in poplar plantations is performed by various facilities, including various types
of wood chippers attached to a tractor of certain technical characteristics. The aim of this paper
is the evaluation of efficiency of the tractor “Same Laser 150” with the wood chipper “Rotor S”
attached to it, during the stump chipping of soft and hard broadleaves in various operating con-
ditions. The research was carried out in several sample plots located in an area managed by the
public enterprise “Vojvodinasume”. The differentiation of the operating conditions was based
on multiple criteria (distance between stumps, level of forest order establishment, carrying ca-
pacity of the ground, percentage share of tree species, etc.). The work effects of stump chipping
were established using the work and time study. The duration of stump chipping ranged from
0,82 min/stump to 2,29 min/stump and it depended on stump diameter, root system develop-
ment, diameter of the auger used for stump chipping, tractor power, etc. In addition to being
dependent on some other things, chipping time depends on the number of passes and auger
diameter. The time of transition from stump to stump is under the highest impact of ground
conditions, which implies the amount of wood residue, the presence of stump shoots, and the
occurrence of high weeds. The implemented analysis served as the basis for the ranking of the
factors depending on their impact on the work effects of the investigated facility. In addition, it
was concluded that greater effects can be achieved by using the command that provides a for-
ward and backward movement of the aggregate without pushing the clutch pedal and pulling
the gearshift lever, but also by installing a handle for the change of rpm (revolutions per minute)
of the output shaft in the driver’s cabin. This handle is currently located on a differential hous-
ing next to the left wheel, so the driver has to leave the cabin to change the rpm of the output
shaft. Another problem is that the tractor “Same Laser 150” has double commands installed in
the cabin: the clutch, brake and gas pedal, but when the seat makes a 180 degree turn those
pedals are not at the adequate height. In addition to that, the operator does not have enough
space for work in the tractor cabin. An increased cabin space and a better position of the above
mentioned commands would enhance work efficiency.

Key words: stump, wood chipper, effects, ground conditions, work study

INTRODUCTION

The establishment of intesive plantations in
alluvial plains around rivers represents a specific
form of forestry aimed at the production of indus-
trial wood intended for mechanical and chemical
processing. Poplar is the most common tree spe-
cies that is being used for stand establishment in
flood plains.

wul
~

Poplar plantations are characterized by a large
wood volume per area unit during a short produc-
tion cycle. Good terrain preparation and adequate
silvicultural measures provide higher yields.

Terrain preparation during the establishment
of poplar plantations is one of the most impor-
tant measures for high wood mass yields. In are-
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as where clear-cutting was performed, stump
chipping is implemented before planting as the
one of the terrain preparation measures.

Stump removal from the area intended for
planting is an important activity, because it ena-
bles the establishment of plantations with a reg-
ular planting spacing, the use of modern machin-
ery and consequently the achievement of high
production effects.

The share of stump wood in the total volume
of large timber amounts to 25-30% and repre-
sents a significant amount of wood that can be
used for different purposes (Nikoli¢, 1993).

Machinery used for stump removal includes
various types of wood chippers, devices for stump
extraction, etc., and these devices are attached to
tractors of certain technical characteristics.

Stump chipping has been the subject of re-
search performed by many authors. Gale ci¢
(1972) reported the results of a research on the
efficiency of the tractor MF 1080 with the “Leva-
ceppi Ellettari” device. The advantages of mecha-
nized stump extraction over manual extraction
are listed in this paper, and the author points out
that mechanized extraction is up to four times
more profitable than the manual one.

Markovié¢ (1973) performed a comparative
analysis of three different stump removal devices
(“International Drott TD-14", “Rotor Cavaceppi”,
“Tritaceppi Ellettari”). The Italian device “Trita-
ceppi Ellettari” proved to be the best solution.

Pokovi¢ (1983) examined the grubbing and
pulling of stumps by the excavator “BGH-100"
The obtained results indicate that the work ef-
fects of an excavator are greater than those of the
“Elefante Ellettari” aggregate in the examined
conditions for stumps of up to 40 cm in diameter.
In addition, the author lists some construction
improvements of the excavator’s work device.

Jezdi¢ (1987) investigated the work effects of
the “Elefante” aggregate with a “Levaceppi Ellet-
tare” device during the stump chipping of poplar
Populus x euamericana “Ostia”, clone “Robusta”
and clone “I-214” stumps. The research results
show the dependence of stump chipping duration
on stump diameter and distance between stumps.
An increase in stump diameter prolongs the
stump chipping time, but also the number of au-
ger stabs. The power of operative aggregate does

not affect the operating speed of the device for
stumps of up to 40 cm in diameter.

Jezdi¢ and Stanimirovic¢ (1988) investigat-
ed the work effects of the chipper ,Rotor” at-
tached to the tractor “Rakovica 120”. They com-
pared the work effects of that device with the
effects of the “Levaceppi Elletare” device attached
to the tractor “Elefante”. The obtained results
show that the distance between stumps, stump
diameter, terrain preparation before planting and
operator’s skills directly affect the work efficiency
of the chipper.

Danilovi¢ and TomasSevic¢ (2000) deter-
mined the work norms of the “Elefante Ellettari”
device during the stump chipping of a 34-year-old
Populus x euamericana ’I-214’ plantation. These
authors point out that the operator’s skills and
experience have a big impact on the efficiency of
the device.

Danilovi¢ et al. (2009) investigated the effi-
ciency of the “Rotor S” device attached to the
tractor “Same Laser 150” during stump chipping.
The objects intended for chipping were stumps of
Populus xxeuamericana and American ash. After
the performed analysis, the obtained results point
to the fact that chipping time increases with an
increase in the number of auger passes and that
the planting space affects the time of transition
from one stump to another, but also that terrain
preparation before planting has a significant im-
pact on efficiency.

Picchi (2012) researched the cost-effective-
ness of stump biomass utilization. The accent was
on moisture removal and the improvement of the
caloric value of forest residue, which should be
paid more attention to as a source of bioenergy.
The utilization of stump biomass is connected
with the use of modern machinery.

Yudego et al. (2015) estimated the productiv-
ity and cost-effectiveness of stumpwood utilization.

Previous studies have shown the significance
of mechanized stump chipping, but also the ten-
dency of initiating further researches into the
technical development of machinery for stump
chipping.

The silvicultural measures implemented in
poplar plantations are very intensive, and they
range from terrain and soil preparation for plant-
ing to silvicultural measures implemented in
young stands.

[9)]
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Picture 1. Tractor "Same Laser 150" with the wood
chipper "Rotor S"

Terrain preparation involves the removal of
forest residue after tree cutting, mulching, stump
burning and stump chipping. Stump chipping is
one of the terrain preparation measures. The aim
of stump chipping is to provide conditions for a
better terrain preparation, which involves plow-
ing, discing, regular spatial arrangement of seed-
lings planted and a more efficient application of
tending measures in young plantations.

In the past five years, stump chipping has
been carried out on cca 260 ha, within the area
of the “Banat” Pancevo forest estate. In this for-
est estate, stump chipping is carried out using
three tractors:

1. The “Rotor S” wood chipper attached to the
tractor “Same Laser 150” (purchased in 2008.),
which is the object of this research,

2. The “Rotor S” wood chipper attached to the
tractor “Same Laser 150” (purchased in 2012.)

3. The “Rotor S” wood chipper attached to the
tractor “Rakovica 120” (purchased in 2008.).
The subject of this paper is the efficiency of

stump chipping of soft and hard broadleaves in

different conditions by the “Rotor S” wood chip-
per attached to the tractor “Same Laser 150” (Pic-

ture 1).

The tractor power is 111,9 kW, with a maxi-
mum torque of 570 Nm and a 540/1000 rpm
output shaft. The weight of the wood chipper is
2600 kg.

MATERIALS AND METHODS

The recording of operation of the “Rotor S”
chipper attached to the tractor “Same Laser 150”

56

during stump chipping was performed in different
operating conditions in five sample plots estab-
lished in the area of the “Banat” Pancevo forest
estate: one in the “Gornje Potamisje” forest man-
agement unit (SP4), two in the “Donje Potamisje”
forest management unit (SP1 and SP5) and two
in the “Donje Podunavlje” forest management
unit (SP2 and SP3). The locations of these sample
plots are shown in picture 2.

The basic characteristics of the sample plots
are shown in Table 1.

Stump chipping is shown in pictures 3-5.

The research of work effects of the chipper
“Rotor S” attached to the tractor “Same Laser
150” during stump chipping is based on the
measurement of values of particular elements
during stump chipping and determination of the
operating conditions during the work process.

The most important factors that stump chip-
ping efficiency depends on are: average stump
diameter and the average time of transition from
one stump to another.

On the basis of the performed recording, pre-
paratory- final time, i.e. time used for facility
preparation, was determined, as well as the time
of chipping for each stump, the time of transition
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Table 1. Basic characteristics of the sample plots

Sample plot

Forest management
unit

Compartment/
subcompartment

Area (ha)

Tree species

Clone

Plantation age
Planting space (m)

Number of trees
(piece/ha)

Basal area (m?/ha)

Volume (m3/ha)

Operating machine

Attachment

Stump visibility from
inside the cabin

Number of chipped
stumps (piece)

Average stump
diameter (cm)

SP1

Donje
Potamisje

16a

36.03

Poplar

1-214

27

5x5

320

20.6

295.2

Same Laser
150

Rotor S,
©1200 cm

Forest
residue can
be found in
10% of the

area

914

41.1

SP2

Donje
Podunavlje

52b

9.28

Poplar

Populus
deltoides M1

28

6x6

217

27.5
442.9

Same Laser
150

Rotor S,
@ 860 cm

Forest residue,
as well as
1.5m high
shoots on

stumps can be

found in 15%
of the area

376

63.9

SP3

Donje
Podunavlje

51i, h

4.16

Poplar

1-214

25

6x6

243

19.8
329.7

Same Laser
150

Rotor S,
@ 1200 cm

Forest residue,
as well as
1.5m high
shoots on

stumps can be

found in 15%
of the area

442

52.4

SP4

Gornje
Potamisje

94b

7.84

Poplar

1-214

32

5x5

208

31

531

Same Laser
150

Rotor S,
@ 1200 cm

Previous
mulching
of forest
residue
Good
stump
visibility.

449

58.5

SP5

Donje
Podunavlje

5c

3.27

Poplar

1-214

31

5x5

230

31.8
576.1

Same Laser
150

Rotor S,
@ 860 cm

Previous
mulching of
forest resi-

due
Good stump
visibility.

265

60.52

(8]
~
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Picture 3. Stump chipping in SP1

from one stump to another and downtime. Be-
sides, the number of auger passes was estab-
lished for each stump.

Terrain description was provided for each
sample plot (stump visibility from inside the driv-
er’s cabin, description of terrain barriers that
could make tractors movement more difficult). In
this research the type of study applied is the
study of time and work.

RESULTS

The values of the elements measured during
stump chipping are shown in Table 2.

Table 2. Stump chipping elements

Sample Np D, Npr n
plots (piece) (cm) (pieces) pr
SP1 914 41.1 967 1.06
SP2 369 63.9 1066 2.89
SP3 442 52.4 719 1.63
SP4 449 58.5 732 2.73
SP5 265 60.5 723 2.73
IN TOTAL 2439 - 4207 -

N, - number of stumps, D, — average stump
diameter, Npr — the total number of auger passes,
n, — average number of auger passes per stump

The total number of chipped stumps in all
sample plots is 2439. Average stump diameters
ranged between 41,1 cm (SP1) and 63,9 cm (SP2).
The diameters of poplar trees, and therefore the
diameters of stumps depend on a large number of
factors, primarily on site conditions and planting

58

Picture 4. Stump chipping in SP2

Picture 5. Stump chipping in SP3

space (number of trees per hectare). The small
diameters of stumps in SP1 can be explained by
the large number of trees per hectare and unfa-
vorable site conditions for poplar planting.

The number of auger passes depends on
stump diameter, root buttress development and
the diameter of the auger used for stump chip-
ping. The lowest number of auger passes per
stump was recorded in SP1, where the average
diameter of a chipped stump was the smallest
and where a 1200 mm-diameter auger was used.
Unlike that, the largest number of auger passes
was found in SP2, where the average diameter of
a chipped stump is the largest and where a 850
mm-diameter auger was used. In addition, it was
observed that the average number of passes in
SP5 is rather high compared to SP4. The reason
for this could be the use of a 850 mm-diameter
auger in SP5 and the use of a 1200 mm-diameter
auger in SP4.

The minimum, maximum and average values
and standard deviation of chipping time and time
of transition from one stump to another are
shown in table 3.

The average times of stump chipping and tran-
sition from stump to stump are shown in Table 4.

The average time of stump chipping primarily
depends on the tree species, stump diameter,
root buttress development, etc. This time ranges
from 0,82 min/piece in SP1, where the average
diameter of chipped stumps is the smallest, to
2,29 min in SP2, where the average diameter of
chipped stumps is the largest.

The time of transition from one stump to an-
other depends on the distance between stumps,
the visibility of stumps from inside the driver’s
cabin, the level of forest residue removal, the
presence of stump shoots and ground conditions.
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Table 3. The minimum, maximum and average values and standard deviation

Maximum Minimum Average Standard
Measured elements -
value value value deviation S,
Sample plot SP1
Time of chipping (min/ piece) 2.73 0.05 0.82 0.26
Time of transmor.\ frqm stump to stump 240 010 058 0.20
(min/piece)
Sample plot SP2
Time of chipping (min/ piece) 6.67 0.27 2.29 1.23
Time of transmor.\ frqm stump to stump 6.67 0.20 094 061
(min/piece)
Sample plot SP3
Time of chipping (min/ piece) 5.58 0.38 1.36 0.75
Time of tran5|t|or.1 frqm stump to stump 708 0.42 1.58 0.73
(min/piece)
Sample plot SP4
Time of chipping (min/ piece) 4.35 0.27 1.41 0.85
Time of tran5|t|0r.1 frqm stump to stump 297 0.15 0.69 036
(min/piece)
Sample plot SP5
Time of chipping (min/ piece) 7.30 0.32 1.76 1.16
Time of transition from stump to stump 292 0.08 081 057

(min/piece)

The mean time of transition from one stump to
another ranges from 0,58 min/piece in SP1, with
the largest number of trees per hectare, to 0,94
min/piece in SP2, with a lower number of trees.
In addition to the smaller number of trees per
hectare, transition time was affected by unfavora-
ble ground conditions, i.e. deep ruts that ap-
peared during skidding, as well as the insufficient
visibility of stumps from inside the driver’s cabin.

During the analysis of downtime, unjustified
downtime should be subtracted from the total
downtime. and justified downtimes were divided
into four groups: preparatory-final time, techno-
logical downtimes, organizational downtimes and
breaks.

The effective duration of a work day for each
sample plot was determined by subtracting the
time of justified downtimes from the eight-hour
workday reduced by the break. Preparatory-final
time included the time needed for fueling and
machine inspection and cleaning at the beginning
and end of a workday. Fueling was not carried out
every day, but every second day. The average

time of fueling is 25 min/day for each sample
plot, and it is calculated as a quotient of total pre-
paratory-final time for all sample plots and the
number of workdays. The time of transition from
the tractor parking place to the work site is high-
ly variable, so it was not included in the efficiency
calculations.

The analysis of variance revealed that there
are significant statistical differences between the
average chipping time in the sample plots (F- 4,
16, p-0,032) at the 95% level of significance,

Table 4. The average times of stump chipping and
transition from stump to stump

T
SSEERRE (min/;l)iece) (min/;p)riece)
SP1 0.82 0.58
SP2 2.29 0.94
SP3 1.36 0.63
SP4 1.41 0.69
SP5 1.76 0.81
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Table 5. Average times of justified downtimes and their percentages

Times of justified

S;ll't;fsle downtimes Technologiacal
min/day
SP1 62.93 -
SP2 64.16 27
SP3 86.00 36
SP4 58.26 11
SP5 69.16 32

Organizational Breaks PFT Total
%

16 44 40 100

5 28 39 100

11 24 29 100

0 46 43 100

14 18 36 100

Table 6. The dependence of stump chipping time on stump diameter and the dependence of the number

of auger passes on stump diameter

Sample plot SP1 SP2 SP3 SP4 SP5
Dependence of stump chipping time on stump diameter
Dependency  +_ ;4 p.p T=eato,
functions 6 P b
a 0.196 -1.241 -1.322 -1.513 -1.397
b 0.0151 0.0302 0.030 0.0288 0.0285
R 0.582 0.893 0.877 0.857 0.881
Sx 0.209 0.275 0.277 0.305 0.322
Dependence of the number of auger passes on stump diameter

WIS e Telosb0F  TesbD, g
a -0.305 0.457 -1.353 -0.760
b 0.0083 0.0183 0.0569 0.0194
R 0.481 0.904 0.806 0.756
Sx 0.151 0.161 0.578 0.296

e a,b — parameters of dependency function, R — correlation coefficient, S — standard regression error

Table 7. Roemer — Orphal’s scale

Correlation No Moderate Very
strenght correlation Very weak Weak Strong Strong strong S
Correlation 0.0-0.1 01025 02504 0405 05075 07509 0.9-1

coefficient - R

which means statistically significant differences
between that sample plot and other sample plots.

The dependence of stump chipping time on
stump diameter was examined in each sample
plot, and the dependence of the number of auger
passes on stump diameter in four sample plots.

The examination of the dependence of stump
chipping time on stump diameter and the de-
pendence of the number of auger passes on
stump diameter is shown in Table 6.
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The increment of stump diameter causes an
increase in stump chipping time. In all cases, the
correlation between the variables is strong or
very strong. In addition, the increment of stump
diameter causes an increase in the number of
auger passes.

The Reomer-Orphal’s scale was used to
establish the correlation strength.

The dependence of the efficiency on stump
diameter in all sample plots is shown in chart 1.
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Chart 1. A comparative review of the dependence of
efficiency on stump diameter in all sample plots

DISCUSION

The research results indicate that stump chip-
ping time depends on stump diameter, i.e. with
stump diameter growth there is also an increase
in stump chipping time. Average stump chipping
time depends on the tree species, stump diame-
ter, root buttress development, etc. The average
stump chipping time ranges from 0,82 min/stump
in SP1, where the average diameter of chipped
stumps is the smallest, to 2,29 min/stump in SP2,
where the average diameter of chipped stumos is
the largest. Jezdi¢ (1987) obtained similar results
in a research of the effects of work of the Elefan-
te tractor with the “Levaceppi Ellettare” device in
the removal of poplar Populus x Euroamericana
stumps of the clone ‘Robusta’ and clone ‘I-214’.
In addition, he found that the power of the drive
aggregate does not affect the speed of the device
operation for stumps with up-to-40 cm diameters.

The results of this research, and studies
Jezdic¢ (1987), Jezdi¢ and Stanimirovié¢ (1988)
and Danilovié et al. (2009), show that diameter
increment causes an increase in the number of
auger passes. The average number of auger pass-
es also depends on the diameter of auger that is
used for stump chipping. In this research, the
smallest number of auger passes per stump was
recorded in SP1, where the average diameter of
chipped stumps was the smallest and where a
1200 mm-diameter auger was used for chipping.

The time of transition from one stump to an-
other depends on the distance between stumps,
the amount of forest residue, the presence of
stump shoots, the appereance of high weeds and
ground conditions. This time ranges from 0,58
min/stump in SP1, with the largest number of
trees per hectare to 0,94 min/stump in SP2,
where the number of trees per hectare is signifi-
cantly lower. In addition to the smaller number of
trees per hectare, longer transition time was also
affected by unfavorable terrain conditions, i.e.
deep rut that appeared during skidding and the
insufficient visibility of stumps from inside the
driver’s cabin.

Similar results were obtained by other au-
thors who researched the work efficiency during
stump chipping (Jezdi¢, 1987, Jezdi¢ and
Stanimirovié¢, 1988, and Danilovié¢ et al.,
2009). In addition, prior research highlighted the
importance of operator skills on the effects of
work of a chipper (Jezdi¢ and Stanimirovic,
1988; Danilovi¢ and Tomasevi¢, 2000).

All downtimes were classified into four
groups: preparatory-final time, technological
downtimes, organizational downtimes and breaks.
The duration of downtimes depends on various
factors. The downtimes lasted from 58,26 min/
day in SP4 to 86 min/day in SP3.

The effects of work depend on many factors,
including technical characteristics of the tractor.

Higher work effects could be achieved through
a better construction design:

e The installation of the power shift command
which enables a forward — backward move-
ment of the aggregate without pushing the
clutch pedal and pulling the gearshift lever;

e The installation of a handle for the change of
revolutions per minute of the output shaft in
the driver’s cabin. Currently, this handle is on
a differential housing, next to the left wheel,
so machine operator has to leave the cabin to
change the revolutions per minute of the out-
put shaft,

e The tractor “Same Laser 150“has double com-
mads installed in the cabin: the clutch, brake
and gas pedal, but when the seat makes a 180
degree turn those pedals are not at the ade-
quate height. In addition, the operator does
not have enough space in the tractor cabin. An
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increase in the cabin space and a better posi-
tion of the above mentioned commands would
contribute to an increase in work efficiency.

CONCLUSIONS

After the performed analysis, the following
conclusions can be reached:

e Stump chipping time depends on stump diam-
eter — the increment of stump diameter caus-
es an increase in the stump chipping time.
This dependence is shown by the linear func-
tion in SP1, and in the other sample plots this
dependence is shown by the exponential
function,

e The number of auger passes depends on
stump diameter — stump diameter increment
causes an increase in the number of auger
passes. In SP3 and SP5 this dependence is lin-
ear, but in SP1, SP2 and SP3 this dependence
is non-linear,

e The time of transition from one stump to an-
other depends on various factors, like the dis-
tance between stumps, the amount of forest
residue, the presence of stump shoots, the
occurrence of weeds and ground conditions,

e The level of terrain preparation before stump
chipping significantly affects total chipping
time. Better terrain preparation reduces the
time of movement from one stump to anoth-
er and increases efficiency,

e The improvement of the technical character-
istics of the tractor would provide better op-
erating conditions and a higher efficiency.
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