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ANOTACIJA

Celmu izstrade plasak zinama Skandinavijas valsts. Plasaki pétjumi par
S0 atjaunojamo koksnes energoresursu ieguvi tek veikt, sakot ar 1970. gadu.
Sakotnéji Si resursa izmantoSana saistta ar planoto celulozes rupnicu izejvielu
nodroSinajumu. Tagad Somija celmu koksnes ieguve jau vairakus gadus tek realizéta
raZo$ana ka biodegvielas avots. Pieméram, 2005. gada 3T izejmateriala izmantoSana
kogeneracijas cikla sastadija 0.4 milj. m®. Pirmie pétjumi $aja virziena 21. gadsimta
Latvija veikt 2006. gada. Celmu rauSana eksperimentali ir veikta AS “Latvijas valsts
mezi” (LVM) un SIA “Rigas mezi”. Agrak So resursu pielietoja ari kimiska rdpnieciba,
iegastot kolofoniju, terpentnu un to talakas parstrades produktus.

Darba, balstotes uz Meza valsts registra (MVR) un MeZa resursu monitoringa
datem, novertet kopéjie pieejamie celmu koksnes energoresursi. Kopéjais celmu
resursu daudzums skuju koku izcirtumos atbilst 103 takst. GWh primaras energijas
izteiksmé, no kuriem tehniski ieglstamais ikgadéjais apjoms atbilst 349 GWh
primaras energijas. Lielaka dala ieglstamas biomasas ir damaksna un véra tpos.
Analizéjot kopéjos pieejamos resursus, lielaka dala jeb 62% ir iegustami LVM
apsaimniekotajos meZos un 38% paréjos mezos.

Celmu izstrades energoefektvitates raksturoSanai kopéja tehnologiskaja
procesa izmantot Iidz Sim visi pétjumu objekt Latvija, kuros veikta celmu izstrade
biokurinama sagatavo$anai. Datu analizé ietvert dat par 3022 celmu izstradi.

Modeléjot energoefektvitates raditajus, identfcéta nepiecieSamiba ietvert
apréekinos datus par augsnes sagatavoSanu, veicot to vienlaicigi ar celmu izstradi.
Lidz ar to tka uzsakt teorétski apréekini, lai modelétu celma ravéja darbibu pie
daZadiem scenarijiem. Apréekini balstas uz teorétskas mehanikas likumiem, péc
kuriem nosakama tehnikas stabilitate, ko ietekmé galvenokart izraujama celma
caurmérs un atraSanas vieta. TieSi Sie faktori maina nepiecieS§amos tehniskos
parametrus — ekskavatora paSmasu, nepiecieSamo hidraulikas caurpladi un citus
svarigus raditajus. Balstotes uz Siem aprékiniem, pétjuma izstradatas un aprobétas
darba metodes celmu rauSanai-plésanai.

Ka efektvakais pielietojamais tehnologiskais variants celmu koksnes ieguvei
darba ieteikts: celmu izstradi veikt ar Latvija uzbOvéto celmu ravéju-pléseju
MCR 500 IlI, pieveSanu veicot ar vidéjas klases forvarderu (analizé ieklauts John
Deere 810D forvarders), celmu drupinasanai starpkrautuvé izmantojot jaudigu
biomasas drupinataju, pieméram, CBI Magnum Force 6800P un drupinato koksni
gala patérétajam piegadat, izmantojot autovilcienu ar vismaz 90 m3ietlpibu (analizei
izmantots Volvo FM autovilciens). Izmantojot o tehnologisko shému, kopéjais
energijas izmantosanas lietderibas koefcients ir 3.9. Tas nozimé, ka celmu koksnes
talaka izmanto$ana iegastamais energijas daudzums bas lielaks salidzinajuma pret
pievadamo energijas daudzumu ieguves procesa.

Pétjuma rezultat apkopot 11 zinatniskos rakstos un, balstotes uz pétjuma
rezultatem, sagatavot un sanemt 2 Latvijas patent celmu rausanas-plésanas un
augsnes gatavosanas iekartam.

3



ABSTRACT

Stump harvestng has been well studied in Scandinavian countries. More
detailed studies on stumps as a renewable wood energy resource have been
carried out since 1970ies. From the beginning this type of wood resource was
linked with planned supply materials for pulp mills. For instance, in Finland
for the last couple of decades the extracton of stump wood is carried out
as a source for biofuel where in 2005 more than 0.4 milm?® of raw material
was used in the cogeneraton cycle. First extensive studies in Latvia were
done in 2006 where experimental stump harvestng have been performed in
JSC “Latvian State Forests” and LLC “Rigas Mezi”. In the past this raw material
was used in chemical industry for extracton of rosin, turpentne and their further
refned products.

In this thesis the assessment of available stump wood energy resources was
made using the data from State forest register (SFR) and Natonal forest inventory
(NFI). Afer summarizing abovementoned data, more than 103 thousand GWh
of primary energy resource from stumps in clear-cuts of coniferous have been
detected. Technically extracted annual amount of primary energy corresponds
to 349 GWh. According to the Latvian forest typology largest amount of biomass
was detected in Hylocomiosa and Oxalidosa forest types. The majority of available
resources 62% can be obtained in state forests and 38% in other forests.

To characterize the efciency of stump extracton in common technological
process, in this study all previous studied sites where stump harvestng for biofuel
purposes was performed in the territory of Latvia. In total data from 3022 stumps
were included.

During the modelling process, in which energy efciency parameters
were detected, a need for additonal informaton on soil preparaton and stump
harvestng was detected. Furthermore, theoretcal calculatons were started to
model the stump operatonal process under diferent scenarios. These calculatons
were based on theoretcal mechanical rules where technical stability is detectable,
which is mainly depended on diameter on removable stump and site-specifc
locaton. Mostly, these two factors are crucial, where technical parameters
such as excavator unladen weight, required hydraulic fow and other important
parameters should be changed. Based on abovementoned calculaton, in this
study the elaboraton and approbaton of partcular methods for stump pulling and
crushing was done.

In the result of this study, it is suggested that the most efectve technological
approach of stump extracton using MCR 500 Il stump lifing head (in additonal,
this feature is made in Latvia) with medium class forwarder (in this partcular
study John Deere 810D forwarder is included). Furthermore, for stump grinder it is
suggested to use, for instance, CBI Magnum Force 6800P where delivery of grinded
wood to the fnal consumer would be performed by the truck with a capacity at
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least 90 m? (in this study the Volvo FM truck is included). The use of this technology
scheme, the total amount of energy efciency factor is 3.9. This explains the
fact that the amount of energy obtained from further use of the wood extracted
from stumps will be higher compared to the amount of energy supplied in the
extracton process.

The main results of the thesis are published in 11 scientfc papers and based
on research results two Latvian patents have been developed and approved for
stump pull and crush, and soil preparaton as a part of forestry technology.
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1. DARBA VISPARIGAIS RAKSTUROJUMS

1.1. Témas aktualitate

Energétikas sektors cies$i mijiedarbojas ar citiem sektoriem, taja skaita
mezsaimniecibu, un energoresursu cena var batiski ietekmét kopé&jo valsts
ekonomisko izaugsmi. Politiska Iimeni ir svariga bioenergétikas prioritates
noteikdana (Pavluts, 2013), tadéjadi palielinot atjaunojamo energoresursu (AER)
pasnodroSinajumu. Lielako dalu no elektroenergijas razoSanai patérétas dabasgazes
iespéjams aizstat ar AER, tostarp koksni. Koksnes izmanto$anai energétika ir
priekSrocibas — ta ir vietéjas izcelsmes atjaunojams produkts. Kurinamas koksnes
ipatsvars kopéja energoresursu patérina Latvija ir 31%. So resursu izmanto$anai
Latvija veérojams stabils pieaugums no 46 tukst. T) 2008. gada lidz 59.5 takst. TJ
2017. gada.

Nepietiekosi pétita ir celmu koksnes raZzoSanas energoefektivitate, t.i.
energijas daudzums, kas japatéré, lai So maz apgato izejmaterialu varétu izmantot
energijas ieguvei. Pakalpojuma potencialajiem sniedz&jiem, mezizstradatajiem, ka
ar1 politikas veidotajiem un nevalstiskajam organizacijam, kas iesaistijusas dazadas
biokurinama ilgtspéjas sertificéSanas shémas, ir nepiecieSams apzinat iekartu
specifiskos parametrus un izstrades tehnologiju raksturojumu, lai resursa ieguvi
veiktu maksimali efektivi un sniegtu visiem interesentiem objektivu informaciju par
dazadiem celmu biokurinama ieguves aspektiem.

2011.gada pétijuma ietvaros izstradats celmu rauSanas-pléSanas kauss
MCR 500, ar kura palidzibu vienlaikus var veikt celmu rauSanu-pléSanu, ka ari
augsnes sagatavoSanu ar pacilu veidoSanas vai skarificeéSanas metodi, tadéjadi
veicinot mérktiecigu meZa atjauno$anu stadot vai séjot.

1.2. Promocijas darba mérkis, uzdevumi

Promocijas darba meérkis. Izstradat pamatojumu tehnologijai, kas lauj
skuju koku izcirtumos sagatavot un nogadat Iidz nokrau3anas laukumiem celmu
biokurinamo ar minimalu kopéja tehnologiska procesa izmantoto energijas
daudzumu. Atbilstosi pétijuma mérkim izvirziti Cetri pétnieciskie uzdevumi:

1. potencialo celmu koksnes resursu novértéjums skuju koku izcirtumos;

2. tehnisko prasibu pamatojums celmu ravéja efektivu darbu nodroSinosas
tehnologiska mezgla konstrukcijas izveidei;

3. celmu izstrades energobilances uzlaboSanas iespéju analize, apvienojot
celmu izstradi un augsnes sagatavoSanu pirms meza atjaunosanas;

4, energijas patérinu samazino3as tehnologijas izstrade celmu biokurinama
sagatavoS$anai un pieveSanai lidz nokrau3anas laukumiem.
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Promocijas darba téze. Atjaunojamo koksnes energoresursu palielinaSanai

ir efektivi izmantot celmu koksni, jo visa tehnologiska procesa energobilance
ir pozitiva.

1.3. Darba zinatniska novitate un praktska nozime

Promocijas darba ietvaros izstradats celmu rausanas-plésanas tehnologiskais

risinagjums, kur§ ietver iekartas projektéSanu un izgatavoSanu, aprobaciju un
darba metodes izstradaSanu celmu pléSana. Pirmoreiz Latvija izstradata un
patentéta celmu rauSanas-pléSanas iekarta un veikta tehnologiskd procesa
energoefektivitates izvértéSana.

VI

Vil

1.4. Zinatniska darba aprobacija

Publikacijas zinatniskos zurnalos un konferencu rakstu krajumos:

Zimelis, A., Ariko, S., Saveljevs, A. (2018). MiccnegoBHMe BANAHUA PasnnLHbIX
(hakTOPOB Ha MONEepeYHyr YCTOMYMBOCTL KopueBatens, Tpydel BITY,
174-181.

Zimelis, A., Lazdin$, A. Sarmulis, Z. (2014). Productivity of stump extraction
with  MCR 500 bucket in Latvia. Arsa-Advanced Research in Scientific
Areas Dec. 1. - 5. 2014, 310-313.

Lazding, A., Lazdans, V., Kaléja,S., Zimelis, A., Prindulis, U., Klavina, D.,
Rozitis, G. (2014). Celmu biokurindma resursu un to pieejamibas apskats eglu
audzés valsts mezos. Mezzinatne, 28, 166-179.

Zimelis, A., Lazding, A., Sarmulis, Z. (2013). Comparison of productivity of CBI
and MCR-500 stump lifting buckets in Latvia. Proceedings of Research for
Rural Development 2013. Jelgava, pp. 59-65.

Lazdins, A., Zimelis, A. (2012). System analysis of productivity and cost of
stump extraction for biofuel using MCR 500 excavator head. Proceedings of
Research for Rural Development 2012. Jelgava, pp. 62-68.

Zimelis, A., Lazdans, V., Lazdina, D. (2012). Evaluation of forest regeneration
results after stump extraction in joint stock company “Latvian state forests”.
Proceedings of Research for Rural Development 2012. Jelgava, pp. 69-72.
Lazding, A., Zimelis, A. (2012). Productivity of stump lifting head MCR-500.
Mezzinatne, 25, 42-44,

Publikacijas koferencu tézu krajumos:

Makovskis, K., Lazdin§, A., Zimelis, A., Gaitnieks, T. (2015). Productivity
and cost of stump extraction in forest stands heavily affected by root rot.
Book of abstracts of International Scientific Conference of the Forest Sector
“Knowledge Based Forest Sector”. Riga, LSFRI Silava, pp. 31-33.

Lazdina, D., Lazdins, A., Zimelis, A. (2012). Comparison of productivity of soil
scarification with conventional excavator bucket and mounder MPV-600.
Proceedings of OSCAR 2012. Riga, LSFRI Silava, pp. 131-134.
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Lazdins, A., Zimelis, A., Gusarevs, |. (2012). Preliminary data on productivity
of stump lifting head MCR-500. Proceedings of Renewable Energy and Energy
Efficiency. Jelgava, Latvia University of Agriculture, pp. 150-155.

Pétijuma rezultata sagatavoti divi patenti.

Lazding, A., Lazdans, V., Gusarevs, I., Zimelis, A., Kurmis, E., Dmitrijenko, V.,
Lazdina, D. (2013). Multifunkcionala iekarta celmu rauSanai-pléSanai ar
pacilveida stadvietu veidoSanu. LR patents Nr. 14769. Latvijas Republikas
Patentu valde.

Lazding, A., Lazdina, D., Lazdans, V., Gusarevs,l., Zimelis, A., Kurmis, E.,
Dimitrijenko, V. (2013). lekarta pacilveida stadvietu veidoSanai meZa augsnés.
Latvijas patents Nr. 14692. Latvijas Republikas Patentu valde.

Pétijuma rezultati prezentéti Cetras konferences.

Zimelis, A. (2018). Technology and energy balance in stump harvesting with
MCR 500. 17* International Scientific Conference “Engineering for Rural
Development”, Latvia University of Life Sciences and Technologies, Jelgava,
Latvia, 23-25.05.2018.

Zimelis, A. (2015). Productivity and cost of stump extraction in forest stands
heavily affected by root rot. International Scientific Conference of the
Forest Sector “Knowledge Based Forest Sector”, LSFRI Silava, Riga, Latvia,
04-06.11.2015.

Zimelis, A. (2013). Comparison of Productivity of two stump lifting heads
CBI and MCR-500 in Latvia. Annual 18" International Scientific Conference
“Research for Rural Development 2013”, Latvia University of Life Sciences
and Technologies, Jelgava, Latvia, May 2013.

Zimelis, A. (2012). Evaluation of Forest Regeneration Results After Stump
Extraction in 2008 in Zemgales Forestry District of Joint Stock Company
“Latvia State Forest”. Annual 18" International Scientific Conference
“Research for Rural Development 2012”, Latvia University of Life Sciences
and Technologies, Jelgava, Latvia, 16-18.04.2012.

1.5. Promocijas darba struktlra un apjoms

Promocijas darba struktira veidota atbilstosi izvirzitajiem uzdevumiem. Darbs

sastav no trijam nodalam. Pirmajanodala sagatavots koksnes biomasas izmantoSanas
iesp€ju un celmu ieguves panémienu izzinatibas apskats. Otraja nodala aprakstita
celmu koksnes resursu novertéSanas un izstrades metodika, kur pétijuma rezultata
izstradatas darba metodes un panémieni celmu rauSanai-pléSanai, kombinéjot ar
augsnes gatavoSanu. TreSaja nodala analizéti pétijuma rezultati atbilstosi promocijas
darba izvirzitajam meérkim un pétnieciskajiem uzdevumiem.

Promocijas darba apjoms 76 Ipp., pétijuma informacija apkopota 19 tabulas

un 29 attélos, promocijas darba izstradé izmantoti 94 literatlras avoti. Darba
nosléguma formuléti 7 secinajumi.
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2. MATERIALS UN METODES

2.1. Empiriska materiala raksturojums

Pirma uzdevuma risinaSanai potenciala un tehnologiski pieejama
celmu koksnes apjoma notikSana balstita uz Meza statistiskas inventarizacijas
(MSI) datiem, péc kuriem apréekinata celmu biomasa, pielietojot J. Liepina
izstradatos vienadojumus.

Otra uzdevuma izpilde saistita ar celmu rauSanas-pléSanas konstrukcijas,
darba metoZu un tehnisko prasibu izveidi un aprobaciju. Celmu rausanas-plésanas
iekartas specifikacijas projektéSanas uzdevuma balstitas uz teorétiskas mehanikas
aprékiniem, bet aprobacija — uz mérijjumiem lauka izméginajumos.

Pirms celmu rausanas batiski visus celmus markét, savukart pasu rausanas-
pléSanas procesu nodroSinat atbilstoSi planotajam darba metodém. lekartas,
resp., tehnologiska mezgla uzlabojumi atspogulojas ka raZiguma izmainas
sadalijuma pa darba elementiem, kur raditaju salidzinaSanai pielieto aprakstoso un
secino3o statistiku.

TreSa uzdevuma (celmu izstrades energobilances uzlaboSanas iespéju analize,
apvienojot celmu izstradi un augsnes sagatavoSanu pirms meZa atjauno$anas)
izpildei nepiecieSamas atbilstoSas cirsmas, kuras var salidzinat dazadus augsnes
gatavoSanas panémienus. VertéSanas kritériji ir sagatavotais stadvietu skaits
un kvalitate, razigums un patéréta degviela. Datu kopu salidzinaSanai pielieto
aprakstoSo statistiku.

Ceturtd uzdevuma izpilde balstita uz kopéjo celmu izstrades un
transportéSanas tehnologiju, kura ka rezultéjosie raditaji ir razigums (sadalijuma
pa darba elementiem) un fosilo energoresursu patérins razoSanas procesa. Datu
analizei pielietota aprakstosa un secinosa statistika.

Izméginajumiem izraudzitas platibas, kuras atjauno3anas cirte veikta 3 gadus
pirms planotas celmu izstrades, bet ka papildus kritériji objektu atlasei ir sugu
sastavs un meza tips — valdosa suga egle (vismaz 70%), damaksna, véra vai Saurlapju
arena meza tipam atbilstosas audzes. Talakais datu ievakSanas process saistits ar
lauku darbiem, kuros darba laika uzskaite un citi batiski raditaji uzskaititi atseviski
sadalijuma pa darba operacijam.

2.2. Celmu koksnes resursu novéertéjuma metodika

Aprekini veikti, izmantojot MSI, atbilstosi iepriek$ izstradatajai metodei
celmu biokurindma novértéSanai audzes limeni (Lazdin$ et al., 2014) parastajai
priedei (Pinus sylvestris L.), parastajai eglei (Picea abies (L.) H.Karst), bérzam
(Betula pendula Roth) un apsei (Populus tremula L.). Celmu biomasas aprékinasanai
sakotnéji identificétas mezaudzes péc vecuma — valdosas sugas koku vecums ir
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vienads vai lielaks par MeZa likuma 9. panta definétajam robezvertibam galvenas
izmantoSanas cirtei (Ministru Kabinets, 2010). Papildus atlases kritériji saistiti
ar meza zemju ilgtspéjigu izmantoSanu — nenoplicinaSanu, proti, celmu ieguve
iesp€jama augligas augsnés, kas atbilst métraja (Vacciniosa), lana (Myrtillosa),
damak3na (Hylocomiosa), véra (Oxalidosa), gar3as (Aegopodiosa), slapja damaksna
(Myrtilloso-sphagnosa), slapja véra (Myrtilloso-polytrichosa), slapjas garsas
(Dryopteriosa), métru arena (Vacciniosa mel.), Saurlapju arena (Myrtillosa mel.),
platlapju arena (Mercurialiosa mel.), métru kudrena (Vacciniosa turf. mel.),
Saurlapju kadrena (Myrtillosa turf. mel.) un platlapju kidrena (Oxalidosa turf. mel.)
tipiem (Lazdins et al., 2014). Papildus no datu atlases izslégtas platibas ar galvenas
cirtes ierobezojumiem — aizliegta mezsaimnieciska darbiba: galvena cirte, kopSanas
cirte un kailcirte. Celmu resursu novértésanai, balstoties uz MSI datiem. Biomasas
aprékini veikti, izmantojot J. Liepina izstradatos vienadojumus, ekstrapoléjot
atsevisku koku pazemes biomasu uz parauglaukuma limeni.

y=a- xb , (2.1)
kur:
y — iegustama saknu biomasa, tauses;
a, b — koeficienti;
x — koksnes kraja, m? ha™™.

Celmu biomasas aprékini raZiguma raditaju analizé balstiti uz Marklunda un
Repola izstradatajiem algoritmiem, kas ir saistits ar nepiecieSamibu nodrosinat datu
salidzinamibu ar Ziemelvalstis un iepriek$ Latvija veiktiem pétijumiem. Saskana
ar celmu biomasas apréekiniem, izmantojot lidz Sim aprobétus vienadojumus, ir
iespéjams salidzinat iegutos raditajus ar lidzigos pétijumos iegutiem datiem, kas
pieejami zinatniskas publikacijas.

2.3. Celmu rausanas darba panémieni un tehnisko prasibu sagatavo$ana

Celmu izstrades pétijuma izmantotas 3 darba metodes. Pirma metode
paredzeta darbam ar CBI celmu rausanas iekartu. Otra un treSa darba metode
paredzetas MCR 500 iekartai, kas izstradata, nemot véra mezsaimnieciskas
vajadzibas saistiba ar augsnes gatavoSanu. Otras un tresas metozu atSkiriba ir
saistita ar iekartu tehniskiem un tehnologiskiem uzlabojumiem, lai nodroSinatu
augstaku razigumu un kvalitativaku augsnes sagatavoSanu.

Veicot celmu rauSanu ar CBI iekartu, ekskavators parvietojas pa
tehnologiskajam brauktuvém, veicot celmu rauSanu un to nokrausanu, veidojot
celmukaudzes paraléli brauktuvei. CelmurauSanuveic no labas puses, perpendikulari
parvietoSanas virzienam (2.1. att., pa kreisi). Celmu rauSanu sak ar tuvak esoSajiem
celmiem un turpina ar talak esoSajiem celmiem. Celmu rausana josla tiek partraukta,
jatehnika pédéjo celmu izravusi ar maksimalo izlici. Talak parvieto manipulatoru pa
kreisi uz nakamo joslu, rau$anu uzsakot ar celmiem, kuri ir tuvak masinai.

Veicot celmu rauSanu ar MCR 500 iekartu, ekskavators parvietojas starp
tehnologiskajam brauktuvém (2.1. att., vidd). Celmu rau$anu veic no labas uz
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kreiso pusi. Celmu rauSanu uzsak perpendikulari tehnikas parvietoSanas virzienam,
veidojot 1. joslu. Pirmos celmus rauj talak no tehnikas ar maksimalo izlici un nokrauj
paraléli brauktuvei, péc tam celmus rauj virziena uz tehnikas pusi un nokrauj
paraléli brauktuvei. Vienlaikus ar celmu rauSanu veic augsnes sagatavoSanu,
veidojot pacilas. Lielakas dimensijas celmiem, kuru caurmérs parsniedz 25 cm, veic
to parpléSanu vairakas dalas. Savukart, lai samazinatu mineralaugsnes ipatsvaru,
péc celmu izrausanas tos vairakas reizes ar manipulatoru pacel un nomet zemé,
to darot Iidz bridim, kad mineralaugsne vairs neatdalas no celma, bet ne vairak ka
3 reizes. Péc celmu izrauSanas tehnika parvietojas 5 m uz priekSu.

Veicot celmu rauSana ar uzlabotu MCR 500 iekartu, ekskavators parvietojas
starp tehnologiskajam brauktuvém (2.1. att., pa labi). Celmu rau$anu veic no labas
uz kreiso pusi perpendikulari parvieto$anas virzienam. Celmus rauj no talakas joslas
punkta virziena uz tehnikas pusi. Celmus nokrauj paraléli parvietoSanas virzienam,
veidojot nelielas kaudzes 4-8 m attaluma no tehnologiskas brauktuves ass. Kad
celmi tehnikas parvietoSanas virziena ir izrauti, tehnika parvietojas 1-5 m uz prieku
un sagatavo augsni aiz sevis. Ja izrauta celma caurmers ir > 25 cm, veic ta sadaliSanu
vairakas dalas, izmantojot pléSanas nazi, vienlaicigi veicot celma nomesanu vai
purinasanu, lai samazinatu mineralaugsnes daudzumu.

MCR 500 projektéSanas uzdevums:

iekartaijabdtjaunammultifunkcionalam produktam, kuramirbatiskiuzlabotas
un papildinatas tehniskas ipasibas (masa, gabaritizméri, konstrukcija u.c.) un
ar to vienlaicigi ir iespéjama ka celmu izstrade, ta augsnes sagatavo$ana, no
celmiem atbrivotaja platiba veidojot pacilas;

kopéja masa = 1600 kg, kas panakta, balstoties uz teorétiskas mehanikas
apréekiniem, ka ari model€jot iekartas konstrukcijas elementus atbilstosi
planotajam slodzém;

iekartai jabat originalai konstrukcijai pacilu ar plakanu virsmu veidoSanai;
janodrosina izveidoto pacilu sabliveéSana ar darba galvas pamata plaksnes
dalu (LV 14769 B, 2014).

Celmu rausanas
gatavotanas 1 oM Celifiirausanas 1-5 m
5 virziens virziens

5m 8.6 m 2.8 m celmus < 7 m > [\

< 7 m
nerau ﬂ

| il =

ugsnes gatavosanas
Celmu zona virziens
4-8m

Celmu zona
m D -

[P —
L L i 1Celmu zona L

4-8m 20m

20m 20 m

2.1. at. Darba metodes celmu rauSana
(pa kreisi CBI, vidi MCR 500 un pa labi uzlabota metodika MCR 500).
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2.2. at. Celmu rauSanas spéka aprékinasana
G,—G¢ — bazes Sasijas, atsvara, hidromanipulatora sastavdalu, tehnologiskas iekartas un
celma paSmasai atbilstoSs smaguma spéks N; L,—Ls — atalums no bazes $asijas, atsvars,
hidromanipulatora sastavdalas, tehnologiska iekarta, celma paSmasas smaguma centrs lidz
ekskavatora ass Iinijai, m; h;—hs — augstums, kada atrodas sastavdalu smaguma centri, m;
he — celma augstums horizontala plakné, m; B — ekskavatora baze, m; | — kapurkedes platums,
m; Px, Py — celma rauSanas komponentes, N; P — celma rauSanas pamatspéks, N; a — zemes
virsmas slipums, gradi; ¢ — lenkis starp celmu rauSanas virsmu un atbalsta virsmu, gradi;
A —apgasanas punkts, R;, R, — augsnes reakcijas spéks zem kapurkeédém, N.

Celmu rauSanas iekartas aprékiniem izveidota pamatshéma (2.2. att.).
Izmantojot izstradato shému, var vértét ekskavatora tipa celmu ravéja stabilitati,
veicot celmu rauSanu, un noteikt darbibas efektivitati, izmantojot dazadus darba
panémienus, atkariba no atbalsta virsmas slipuma, celma caurméra, celma
novietojuma un augstuma, nemot véra ari bazes Sasijas tehniskos parametrus.

Pétijuma vertéti dazadu raditaju ietekme uz razigumu un slodzeém, pieméram,
celmacaurmeérs, celmasmagumaspéka atkariba no augsneslimena, celmasmaguma
spéka darbibas virziens, hidromanipulatora izlices attalums, kapurkédes platums.
Konstatéts, ka hidromanipulatora izlices lielaks raditajs ievérojami samazina celmu
ravéja ekspluatacijas iespéjas. Pieméram, pie hidromanipulatora minimalas izlices
(Lmin =4 m), ar vertikalo celmu rauSanas spéku nesamazinot Skersstabilitati, var
raut celmus ar caurmeéru 43 cm, bet, palielinot hidromanipulatora izlici 2.5 reizes,
maksimali izraujama celma caurmeérs samazinas lidz 11.7 cm (2.3. att.).

Papildus augSminéetiem raditajiem apskatits Sads celmu rausanas panémiens:
. tehnologiskas iekartas vertikala kustiba (¢ = 90°);

. hidromanipulators ir pozicija, kura ¢ = 0° vai ¢ = 180°;

. tehnologiskas iekartas kombinéta kustiba (0°< ¢ <90°), ja kustiba notiek
no ekskavatora virziena uz darba iekartas pusi (prom no ekskavatora,
90° < ¢ < 180°).
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2.3. at. Celma caurméra (d) un hidromanipulatora (Ls) izlices ietekme
uz atbalsta kapurkézu reakciju

Konstatéts, ka celmu rausana ar vertikalo kustibu ir vismazaka reakcija, bet
tads darba panémiens nav efektivs razo3anas apstaklos. Sada veida raujot celmus
un kustinot tehnologisko aprikojumu horizontalaja virsma 30° lenki pret bazes
masinas atbalsta virsmu, tiek panakts, ka reakcija R zem kapurkédes palielinas
2.16-6.25 reizes, celma caurméram palielinoties no 5 Iidz 10 cm. Taja pasa aprékina
konstatéts, ka pie noteiktds manipulatora izlices maksimala celma caurmers ir
lidz 25 cm.

Pétljuma konstatéts, ka visdro$aka Skérsstabilitdte panakta uz horizontalas
virsmas, un celmu rau3anas iekartai uz ekskavatora bazes ir iespéjams raut celmus
ar caurmeéru lidz 50 cm un vairak. LimitéjoSais raditajs ir visas masinas sakeres spéja
ar grunti.

2.4. Energoefektvitates uzlabo$anas tehnologijas izstrades metodika

Darba laika uzskaite sadalijuma pa elementiem visa izstrades procesa balstas
uz katra darba elementa pabeigSanas laika fikséSanu katram darba ciklam. Uzsakot
darba laika uzskaiti, hronometrétajs nospiez pogu “Sakt” (palaiz laika uzskaiti) un
darba procesa fiksé katra izdalita darba elementa pabeigSanu.

Kopéja drupinatas koksnes izstrades tehnologiskaja procesa energopatérina
uzskaite un analize veikta sadalijuma pa darba operacijam, no kuram talaka procesa
izvéléta visefektivaka, to pamatojot ar pétijuma veiktajiem aprékiniem. Katra no
dalam analizéta atseviski, to sadalot pa darba operacijam un tehnikas vienibam;
modeléjot energijas izlietojumu celmu rausana un pievesana lidz augsgala krautuvei
(AGK), kopuma izdalot 6 variantus, noskaidrots variants, kura energijas izlietojums
ir vismazakais.
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Lai aprékinatu kopé&jo energoresursu ietilpibu un kopéjo iespéjamo energijas
atdevi, pétijuma izmantots vienadojums, kur kopéja energobilance norada
uz atglstamo energiju, salidzinot ar razoSanas procesa patéréjamo energiju
(Wasiak, 2018).

Lietderibas koeficientu aprékina, salidzinot energiju, kuru iesp&jams iegat,
sadedzinot kurinamo, to attiecinot pret kop&jo patéréjamas energijas daudzumu. Ja
mazaka vertiba ir vienada ar 0, tad lietderibas koeficients arT ir O.
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3. REZULTATI UN DISKUSIJA

3.1. Celmu resursu pieejamiba Latvija

Kopéjie teorétiski pieejamie celmu koksnes energoresursi atbilst 142 TWh
primaras energijas, no kuriem dala, atbilstosi saimnieciskas darbibas ierobezojumu
pazimém, ir saimnieciski nepieejamos mezos. Lielako dalu teorétiski pieejamo
celmu biomasas resursu veido priede (45%), egle (36%), bérzs (15%) un apse
(4%). Summeéjot meza tipus, kuros celmu koksnes ieguve nav rekomendéjama, ka
ari mezus, kuros ir sezonali izstrades ierobeZojumi, 35% platibu celmu raudanu
nevar veikt.

Potenciali pieejamais celmu koksnes apjoms atbilst 103 TWh primaras
energijas, kur lielaka ieglstama biomasa (55%) ir sausienu mezZa tipos. Lielaka
dala potenciadli pieejamo resursu ir valsts meZos — 68%. Privatpersonu un
uznémumu Tpasuma ir 32% platibu. Tehniski pieejamais ikgadéjais celmu koksnes
apjoms Iidzinas 349 GWh primaras energijas. Atbilstosi CSP datiem apkopojuma
“Katlumajas patérétais kurinamais un sarazota siltumenergija, TJ”, 2018. gada
bija nepiecieSami 7690 TJ kurinamas Skeldas katlumaju darbibas nodrosinasanai.
Izmantojot celmu koksni energijas ieguvei, ta nodroSinatu 16.3% no kopéja koksnes
energoresursu pieprasijuma.

3.2. RaZiguma analize celmu koksnes sagatavoSanas tehnologiskaja procesa

Platibas, kuras planots veikt celmu rauSanu-pléSanu, kopuma uzmeriti
3022 celmi. Vidéjais celma caurmérs platibas, kur celmu izstrade veikta ar CBI, ir
33.5+£0.4cm, vidéjais augstums 26.5 £ 0.4 cm. Savukart platibas, kur darbojas
MCR 500, vidéjais celma caurmérs bija 33.6 £ 0.2 cm, bet vidéjais augstums —
33.1+0.4cm. Markéto celmu raksturojums sagatavots, balstoties uz merijuma
datiem, kuri ievakti pirms celmu izstrades. No visiem uzméritajiem celmiem skuju
koki ir 75% no kopéja biomasas (egle 59% un priede 16%).

Kopa pétijuma laika izrauti 2720 celmi. Vidéja izrautd celma caurmers,
stradajot ar CBI rauSanas iekartu, ir 33+11cm, ar MCR500 — 33+9 un ar
MCR500 Il — 38+ 10cm. Videjais laika patérin$ vienas teumss SagatavoSanai ir
0.3 h efektiva darba laika. Celmu rauSanas procesa lielakais laika patérins ir celmu
izrauSanai no augsnes. Tam japatéré 33% no kopéja laika. Mazak laika aiznem
grieSanas ar ekskavatoru (12%), ekskavatora parvietosanas (11%), celma sapléSana
(11%), mineralaugsnes nopurindSana (11%) un celma satverSana (10%).

Atbilstosi produktiva darba laika patérinam izméginajumos, aprékinatie
raditdji batiski atskiras (p = 0.01) atkariba no izstrades metodes. Tas skaidrojams
ar efektivitates uzlaboSanu darba procesa, tadejadi samazinot nepiecieSamo laika
patérinu tada daudzuma celmu izrau$anai, no kura var iegat vienu tgg.. Stradajot
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ar CBI, 1 t.as SagatavoSana aiznem 0.19 h, savukart, stradajot ar MCR 500 - 0.34 h.
legUtajiem datiem pieskirt visparinoSu nozimi nebatu korekti, jo MCR 500 | pirmaja
izméginajumu posma (2. darba metode) ekskavatora hidrostknis nenodro3inaja
nepiecieSamo ellas plismu un pretnazis faktiski nebija izmantojams celmu plésanai.
Péc tehniskiem uzlabojumiem un 2. metodes pilnveidoSanas raziguma raditaji
palielinajas Iidz 0.19 t.,..nas h™2, kas atbilst ar CBI iegatajiem raditajiem. Janem véra
ari tas, ka 81 pétijuma laika tehnikai tika veikti remonti, lai nodroSinatu nominalo
ellas plismu. Talakos aprékinos darba razigums netiek modeléts pie dazadiem
tehniskas gatavibas limeniem.

Izméginajumu laika sasniegtais vid&jais razigums, stradajot ar CBI iekartu,
ir 13.6 m*h?, savukart ar MCR 500 — 7.8 m®h1, Salidzinot darba laika patérinu
sadalijuma pa darba elementiem, sliktaki raditaji (darba laika patérina pieaugums ar
negativu zimi), salidzinot abas iekartas, ir celmu izcelSanai —69%, sapléSanai —-533%,
celma purinaSanai —67%, celmu nomeSanai —137%. Lai uzlabotu raziguma raditajus,
celmu rau$anas-plésanas tehnologiskaja risinajuma veikta virkne uzlabojumu:

1. pazeminats cilindra stiprinajums; ka rezultatd, samazinot pleca garumu,
saskana ar teorétiskas mehaniskas aprékiniem uzlabojas pretnaza efektivitate
un atrdarbiba, kas batiski ietekmé raziguma raditajus;

2. palielinata konstrukcijas izturiba pret sanspiedi, ka rezultata uzlabojas
iekartas tehniska gataviba, tadéjadi samazinot dikstaves remontu laika,
mainot pretnaza pirksta bukses;

3. palielinats hidropievadu Skérsgriezums, ka rezultata iekartu var pieslégt
lieljaudas hidropievadam, samazinot ellas plismas pretestibu sistéma, ka
rezultata cilindrs var darboties atrak;

4, virkne uzlabojumu saistita ar augsnes gatavoSanas moduli, palielinot ta
virsmas laukumu un sanu malu liekumu, ka rezultata uzlabojas produktivitate
un darba izpildes kvalitate.

Péc iekartas tehniskiem un tehnologiskiem uzlabojumiem izméginajumos
konstatéts, ka, MCR 500 I, salidzinot ar MCR 500 Il batiski samazinajies darba laika
patéring, parrékinot uz sarazotas produkcijas vienibu. Vidéjais razigums, stradajot
ar MCR 500 Il iekartu bez augsnes gatavoS$anas, ir 13.1 m* h7, bet papildus gatavojot
augsni—11.1 méh,

Stradajot ar CBI un MCR 500 II, sasniegtie raZziguma raditaji ir Iidzigi (p = 0.16).
Salidzinot celmu rau3anas raziguma raditajus ar lidzigiem pétijumiem Ziemel|valstis,
kuros salidzinatas dazadus celmu rauSanas kausus, konstatéts, ka Latvija ieguti
batiski labaki raZiguma raditaji. Ziemelvalstis dazados pétijumos raziba bija vidéji
7-10 m* h! (Laitila et al., 2008; Athanassiadis et al., 2011; Moffat et al., 2011;
Palander et al., 2015; K&rhd & Mutikainen, n.d.). Janem véra, ka salidzinatie raditaji
ir indikativi, jo pastav batiskas at3kiribas, ko nosaka augsnes tips un raujamo celmu
dimensijas. Latvija veiktajos izméginajumos celmi ir batiski lielaki un izstrade veikta
galvenokart mineralaugsnés, bet salidzindjuma ietvertajos Ziemelvalstu pétijjumos
informacija ir par kadras augsnem.
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Darba laika uzskaite, lai aprékinatu raZiguma raditajus pieveSana, veikta
7 cirsmas, kopuma uz augsgala krautuvi pievedot 107 kravas. PieveSanas attalums
ir no 140 m lidz 850 m.

Pétijuma konstatéts, ka forvardera produktivais laiks celmu pieveSanas
operacijas ir no 88% lidz 100%, salidzinot ar pieveSanas darbiem Latvija, kur
Sis raditajs ir zemaks. lzmantojot ekvivalentas tehnikas vienibas, produktivas
stundas darba laika ipatsvars ir no 77% lidz 94% (Rozitis et al., 2017). Pétijuma
ietvaros neproduktivo laiku veido tehnikas remonti, apkopes un meZa maSinu
operatoru atpdta darba laika. Teorétiski produktivajam darba laikam nevajadzetu
bat lielakam par 67%, ja mainas ilgums ir 8 un vairak stundas. Tas skaidrojams
ar operatoru atpitu darba laika, pienemot, ka operatori 45 min. strada un
15min. atpisas. Sada atpita tiek pienemta un ieklauta talakos aprékinos,
rékinot raziguma raditajus. Publikacijas tas minéts ka raditajs G15 (Talbot
et al., 2003) vai E15 (Sirén and Aaltio, 2003), kas raksturo atputas ilgumu
viena stunda.

Sasniegtie raziguma raditaji izméginajumu cirsmas celmu pieve$ana ir no 3
lidz 12 m* h7 produktivaja darba laika. Salidzino$i nelieli raziguma raditaji saistiti
ar forvardera kravas tilpnes neefektivu izmantoSanu, pieredzes trikumu un
ekskavatora operatora izvairisanos no celmu plésanas izstrades laika.

Celmu koksnes biomasas transportéSanas laika uz starpkrautuvi ir jarekinas
ar daléji piepilditam kravam, jo celmu koksni teju neiespéjami sakraut konteinera
tipa puspiekabé. Izméginajumu objektos tilpiguma koeficients celmu koksnes
izveSana ir 0.4, pétijuma sasniegtie raziguma raditaji — 3.5 tuemss L. Celmu koksnes
transportésanas attalums lidz starpkrautuvei pétijuma ir 7 km. Lidz §im publicétaja
informacija par efektivu transportéSanas attalumu minéts, ka Iidz 10 km lielam
attalumam ir vismazakas izmaksas uz vienu km. Pétijuma secinats, ka celmu
parveSana uz starpkrautuvi badtiski palielina biokurinama raZzoSanas izmaksas,
padarot 30 biokurindma veidu nekonkurétspéjigu, ja ir pieejamas meZizstrades
atliekas galvenaja cirté vai sikkoksne no kop3anas cirtém, tapéc no &1 razoSanas
posma ir jaizvairas, veicot drupinasanu jau AGK.

Celmu smalcina$ana izméginajumos veikta ar vairdkam iekartam. Magnum
Force 6800P drupinataja razigums izméginajumos bija 110 tonnas h™. Stradajot
ar drupinataju Doppstadt 441SM, raZigums bija 26 th?. Pétijuma sasniegtie
raditdji ir mazaki, salidzinajuma ar literatira minétajiem (Irdla et al., 2017), un tas
skaidrojams liela méra ar smalcinaSanai nepiemérotu celmu izstrades metodi —
parasti celmi nebija parplésti un to ievadiSana drupinataja prasija papildus darba
laika patérinu. Lai sasniegtu labakus razigums raditajus, vidéja izméra un lielakos
celmus nepiecieSams sadalit vismaz 4 dalas (Anerud, 2012).

3.3. Augshes sagatavosanas izvertéjums

Pétijuma izmantotais augsnes sagatavoSanas kvalitates kritérijs, izmantojot
pacilu metodi, ir sagatavoto stadvietu skaits (Zimelis et al., 2012). Izméginajumu
platibas, kurds augsni sagatavoja disku fréze (kontrole), izveidotas 1352 +50
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pietiekosi lielas stadvietas uz vienu hektaru, bet, izmantojot celmu rauSanas
iekartu — 1250 + 72 stadvietas uz vienu hektaru.

Augsnes gatavo3anai ar disku frézi patérétas 89 + 18 min. ha?, bet, izmantojot
celmu rausanas-pléSanas iekartu, 229 + 21 min. ha™. Salidzinot raziguma izmainas,
raujot celmus ar MCR 500 Il un papildus gatavojot augsni, konstatéts raZiguma
samazindjums par 15%, sasniedzot 11.1 m®h=t. Degvielas patérins, stradajot ar
disku fréezi, ir 18 L ha (neskaitot tehnikas parvadasanas starp objektiem, papildus
vél 38 L 100 km™ katra virziend), bet, izmantojot ekskavatoru, degvielas patérins
augsnes sagatavoSanai ir 49 L ha™™.

3.4. Celmu izstrades energoresursu patérina bilance

Energoresursu patérina aprékinaSanai dazadiem meZa darbiem noteikts
kopéjais energopatérind un identificéts efektivakais celmu rauSanas un
pieveSanas variants.

Stradajot ar Komatsu PC210LC, kurs aprikots ar CBI rauSanas iekartu, atbilstosi
koksnes drupinasanas tehnologijai un resursu ieguvei no meza, pievadamais
energoresursu apjoms strauji sak samazinas, ja izraujamo celma caurmers sasniedz
20 cm. Salidzinot ar MCR 500 Il, energoresursu patérina strauj§ samazinajums
novérojams tajas pasas celmu caurméra grupas. Salidzinot degvielas patérinu
pie vienada vidéja izstradajama celma caurmeéra (42 cm), stradajot ar CBI celmu
rauSanas iekartu, tas ir 0.91 L m=3, savukart, stradajot ar MCR 500 Il, degvielas
patéring ir 1.05 L m=. Jaatzimé, ka tehniska masinu gataviba nav vienada abam
salidzinatajam iekartdm, tapec MCR500 Il prototipam degvielas patérins var
samazinaties, pilnveidojot darba metodi.

Forvardera raziguma ietekme uz kopéjo enerogoefektivitati celmu
biokurinama raZoSana pétijuma nebija badtiska, ja raZigumu parsniedza 5 m?h=.
Pétljuma konstatétais degvielas patérins, stradajot ar John Deere 810D, ir 14.3 L h™™.
Logset forvardera degvielas patérin$ aprékinats péc Lofflera formulas, un, nemot
véra ta dzinéja jaudu (170 hp), aprékinatais patérins ir 18.5L h-. Veicot celmu
pieveSanu ar Ponsse Bufallo, uzskaititais degvielas patérins ir 16.8 L h™%; lidzigos
pétijumos Latvija, testéjot dazadas atbalstkedes, konstatétais degvielas patéring
kokmaterialu pieveSana var sasniegt 17.7 L h™ (Lazdins, 2017).

Salidzinot degvielas patérinu pie vienada raziguma (7 m® h™) un pievedot ar
John Deere 810D, aprékinatais patérina patérins ir 2.05 L m-3, stradajot ar Ponsse
Gazelle — 2.40 L m=2 un ar Logset 4F — 2.65 L m3. Degvielas patérins samazinas zem
1L m=3, sasniedzot razigumu 15 m?h. Svarigakie tehnikas parametri ir dzinéja
jauda un kravnesiba.

Celmu koksni parvedot no AGK uz starpkrautuvi, kas atrodas 7 km attaluma,
Scania R480 patéréja 1.29 L m=3, bet Scania R500 - 1.52 L m-3, Aprékinatas atskiribas
saistitas ar to, ka Scania R500 degvielas patérins ir vidéji par 19% lielaks neka
otrai masinai.

Celmu drupinaSanai, izmantojot CBI Magnum Force 6800P un atbilstosi
vidéjiem raziguma raditajiem, pétijuma bija patéréti 0.69 L m=3, bet, izmantojot
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drupinataju Shredder DW2060, degvielas patérin$ bija mazaks — 0.56 L m3,
Janem veéra, ka 2. gadijuma izmantots ari sijatajs Doppstadt 441SM, kura degvielas
patérindir 1.31 L m=. Lidz ar to kopéjais degvielas patérins sim masinu komplektam
ir1.87L m=,

Salidzinot energijas patérinu autovilcieniem Scania 380 un Scania 420,
konstatéts, ka abam masinam ir ldzigs degvielas patérins — vidéji 1.87 L m=3
savukart Scania R500 un Volvo FM tas ir nedaudz mazaks, attiecigi, 1.52 L m=3, bet —
1.40 L m=3, aprekinata patérina atskiribas saistitas ar dzin€ja jaudu.

Saskana ar pétijuma rezultatiem efektivakais celmu koksnes izstrades
tehnologiskais risinajums ir planot izstradi ar MCR 500 Il un pieveSanu veikt ar
John Deere 810D vai ekvivalentu vidéjas klases forvarderu. Ja nepiecieSama celmu
parveSana uz starpkrautuvi, jaizvélas transports ar mazako degvielas patérinu.
Neatkarigi no ta, vai celmus planots drupinat AGK vai starpkrautuve, batiski veidot
Sauras un augstas celmu krautnes, lai visus celmus varétu aizsniegt ar drupinataja
vai autovilciena manipulatoru. Butiskakie celmu transportéSanas masinu atlases
kritériji ir no metala izgatavota kravas tilpne (tas saistits ar ilgm0zibu, jo, metot
kravas tilpné lidz 2 tonnas smagus celmus, var tikt bojats konteiners). Transportam
jabdt aprikotam ar manipulatoru celmu iekrauSanai vai ari iekrauSanu javeic
ar forvarderu.

Kopéjais degvielas patérin$ drupinatds koksnes izstradei un piegadei
(neierékinot augsnes sagatavoSanu) ir 6.82 L m=3. Aprékinatais kopéjas lietderibas
koeficients ir 3.9. Tas nozimé, ka, sadedzinot celmu Skeldas, ieglstamais energijas
daudzums, ir 3.9 reizes lielaks, nekd energoresursu patérin3 razosanas un piegades
procesa. Pétijuma identificéti arl vairaki risinajumi energoresursu patérina
samazinaSanai raZoSanas procesa, pieméram, veicot drupinasanu AGK un iepildot
Skeldas tiesSi autovilciend, ka art celmu rauSanas-pléSanas kvalitates uzlabo3ana, lai
palielinatu pievesanas un drupinaSanas procesu efektivitati.
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SECINAJUMI UN PRIEKSLIKUMI

Potenciali pieejamo celmu koksnes resursu novéertéSanai precizaka aprékinu
metode ir balstita uz meza ekosistému iedalijjumu, atkariba no $i resursa
ieguves iespéjamibas. Saskana ar MSI datiem potenciali pieejamais celmu
koksnes apjoms, kas Latvijas teritorija atbilst 103 TWh primaras energijas.
Balstoties uz aprékiniem un ievérojot pétijuma izvirzitos pienémumus, ik
gadu pieejamas 349 GWh primaras energijas, kas var aizstat 16% no kopéjas
valsti patérétas kurinamas koksnes. Precizakiem aprékiniem nepiecieSams
noskaidrot celmu koksnes vidéjo reducéto blivumu sadalijuma pa
koku sugam.

Izmantojot multifunkcionalas iekartas prototipu MCR 500, darba procesa
konstatétas nepilnibas, kas ietekmé kopé&jo tehnikas noslodzi. Atseviskas
tehnologiskas darbibas tieSa veida negativi ietekmé celmu izcelSanas,
sapléSanas un purinasanas razigumu. Péc izmeéginajumiem ar MCR 500 pirmo
prototipu veikta virkne uzlabojumu - cilindra stiprinajuma pazeminasana,
konstrukcijas izturibas  palielindSana, hidropievadu  Skérsgriezuma
palielinaSanas un augsnes gatavo3anas agregata virsmas palielindSana.
Péc uzlabojumiem MCR 500 otra prototipa raziguma pieauguma par 59%,
sashiedzot CBI raZigumu, papildus nodroSinot iespéju kvalitativi veikt
augsnes sagatavoSanu.

Celmu rauSanas-pléSanas procesa negatavojot augsni, konstatéts: stradajot ar
prototipu MCR 500 I, lietderibas koeficients ir 19.9 (pie raziguma 13.1 m? h™1);
savukart, stradajot ar CBI iekartu, lietderibas koeficients ir 22.2 (pie raziguma
13.6 m® h1). Ar izstradato prototipu var veikt celmu rauSanu un augsnes
sagatavoSanu, jo pacilu gatavoSanas procesa ir svarigi apgriezto velénu
piespiest, nodroSinot 0.4 m? liela mineralizéta laukuma izveido$anu. Raujot
celmus ar MCR 500 Il un papildus gatavojot augsni, razigums samazinas par
15%, sasniedzot tikai 11.1 m*®h™ (lietderibas koeficients celmu rausanai un
augsnes gatavoS$anai ir 16.9).

Saskana ar pétijuma rezultatiem, efektivakais risinajums celmu koksnes
izstradei ir celmu raudana-pléSana ar MCR 500 Il iekartu, celmu pieveSana
ar videjas klases forvarderu, pieméram, John Deere 810D, drupindSana
starpkrautuvé, izmantojot lieljaudas drupinataju CBI Magnum Force 6800P vai
ekvivalentu, un drupinatas koksnes nogadasana patérétajam ar autovilcienu,
kas aprikots ar puspiekabi, pieméram, Volvo FM. Pétijuméa kopéjais degvielas
patérind celmu raZoSana bija 6.82L m=3, kas veido pozitivu lietderibas
koeficientu 3.9, t.i., energijas patérins kurinama razo$anai ir 3.9 reizes mazaks,
neka patérétajiem piegadatas energijas daudzums.
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Batisku degvielas patérina samazinajumu kurinama razoSana var panakt,
uzlabojot celmu rauSanas-pléSanas darba metodi (sapléSot vidéja un liela
izméra celmus vismaz 2 dalas, ko var értak novietot gan forvardera kravas
telpa, gan celmu krautné). Celmu pléSana uzlabo ari celmu krautnu kvalitati
(pamatnes platums ne lielaks par 3 m). Izmantojot drupinataju AGK, var
nodrosinat Skeldu iekrausanu tiesi autovilciena. Sie risinajumi teorétiski lauj
samazinat degvielas patérinu vismaz par 35%, ka ari |lauj batiski samazinat
celmu kurinama razo$anas izmaksas.

Celmu rauSanas-pléSanas procesa nodroSinasanai ieteicama darba metode,
kura paredz tehnikas parvieto$anos starp tehnologiskajam brauktuvém, celmu
rauSanu veikt no labas uz kreiso pusi attiecibd pret parvietosanas virzienu,
tadejadi optimizejot laika patérinu un paaugstinot razigumu. Izrautos celmus
vajag nokraut nelielas kaudzés 4-8 m attaluma no tehnologiskas brauktuves
ass, tadéjadi nodrosinot optimalus darba apstaklus art forvarderam. Celmu
ravéja darba pozicijas maina jaorganizé, parvietojoties celmu rauSanas
virziena par 1-5 m, un tadéjadi maksimali izmantojot tehnikas priekSrocibas,
jo ar izlici 4 m var izraut celmus ar diametru lidz 43 cm, un reizé nepasliktinat
tehnikas Skérsstabilitati. Mineralaugsnes piejaukumu  nopurinasanai
rekomendéjama celma sadaliSana vairakas dalas augstu virs zemes ta, lai
parskeltie celma fragmenti atsistos pret zemi.

Pétijuma izstradata tehnologiska iekarta un darba metodes celmu rau$anai un
augsnes sagatavoSanai, ka ari aprekinata kopéja energobilance, kas norada uz
§Tresursa ieguves potencialu, bet papildus nepiecieSams izvertét ekonomisko
ieguvumu, ieklaujot aprékina meZzsaimnieciskos ieguvumus — eglu audzes
samazinat saknu trupes (Heterobasidion annosum (Fr.) Bref.) izplatibas risku,
atteikties no 1. agrotehniska kopsanas, jo platiba, kur gatavotas pacilas, ta nav
nepiecieSama, ka ari samazinat priezu liela smecernieka (Hylobius abietis L.),
meza maijvaboles (Melolontha hippocastani Fabr.) un eglu liela sakngrauza
(Hylastes cunicularius Er.) bojajumus.
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1. GENERAL DESCRIPTION

1.1. Topicality of theme

In general, the energy sector closely interacts with other sectors whereas
the price of this resource might signifcantly infuence the economic growth of the
country. Politcally, the bioenergy use has been prioritzed (Pavluts, 2013), thus
increasing the self-suFciency of renewable energy resources (RER). It is known,
that it is possible to replace the use of natural gas consumpton for energy with
renewable energy resources, including fuelwood. The fuelwood is a local-origin
renewable energy resource, and that might be considered as an advantage. The
fuelwood proporton of use in Latvia reaches 31% with a positve increase from
46 thousand TJ in 2008 to 59.5 thousand TJ in 2017.

There is a lack of scientfc studies which deals with an assessment of energy
efciency for stump wood producton. More detailed, additonal informaton is
needed to evaluate the amount of energy that has to be consumed during the
process of stump wood extracton. It is also important to known specifc technical
parameters and characteristcs of the technical process for involved stakeholder
groups, for instance, potental service providers, forest machine operators as
well as policymakers and non-governmental organizatons which are involved in
the sustainable bioenergy certfcaton process. This will help to deliver objectve
informaton to all stakeholders for several aspects related to diferent stump
bioenergy extracton.

In 2011 the within the scope of this study the stump lifing head prototype,
MCR 500, providing the stump-pulling and splitng functon, as well as soil
scarifcaton (by making mounds and scarifed furrows), thus improving the following
forest regeneraton quality.

1.2. Research aim, tasks and thesis

Aim of the thesis

Todevelop the basis for technology allowing the processing and transportaton
of stump bio-fuelwood to landing sites in coniferous tree felling sites with minimum
total used energy in the entre technological process.

Objectves of the study:

1. to assess the potental resources of stump wood in joint stock company
“Latvia’s state forests” (LVM) coniferous tree felling sites;

2. to create the basis for technical requirements for the development of eFcient
design of the stump lifing technology;

3. to analyze opportunites to improve the energy balance of stump extracton,
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where a combinaton of stump extracton and soil scarifcaton for the forest
regeneraton is considered;

4, to develop the technology for reducing energy consumpton in stump biofuel
producton and transportaton to a landing site.

The hypothesis of the study
The use of stump wood to increase the share of renewable resource because
the energy balance of the entre technological process in positve.

1.3. Scientfc novelty and applicability of the study

PhD thesis focuses on novel technological solutons for stump lifing and
splitng, which includes the design and producton of the stump lifing device,
as well as approbaton and the development of working methods. This is the frst
instance when stump lifing and splittng device has been developed in Latvia and
the analysis of energy eFciency of the entre technological process is elaborated.

1.4. Approbaton of the study

The main results of the thesis are published in 10 scientfc papers and, based
on research results, two Latvian patents have been elaborated and approved. In
additon, results have been presented in fve internatonal conferences.

1.5. Structure and volume of thesis

The structure of the doctoral thesis is subject to the study tasks proposed
in the study. The thesis contains three chapters. The frst chapter deals with the
analysis of the potental of the use of wood biomass and diferent extracton
techniques of stumps. The second chapter describes the empirical material
and methodology of assessment of stump wood energy resources whereas a
result of the study applied methods and techniques for stump pull and crushes
combined with soil preparaton have been developed. The third chapter analyses
the study outcome in compliance with the aim and research tasks of the
doctoral thesis.

The thesis contains 75 pages, informaton has been summarized in 19 tables
and 29 fgures and 94 literature references have been used. Seven main conclusions
and recommendatons are elaborated on the basis of this study.
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2. MATERIALS AND METHODS

2.1. The characteristcs of empirical material

The frst task addressed the assessment of available stump wood energy
resources made using data from the Natonal forest inventory (NFI). Further,
calculaton of stump biomass was performed using equatons presented
by J. Liepins.

To accomplish the second task, the approbaton of approaches and technical
requirements on stump pull and crush was evaluated. The elaboraton of equipment
for stump pull and crush is based on theoretcal mechanical calculatons. Also,
feldwork measurements are performed for proposed equipment approbaton.
However, it is important to mark all stumps before their extracton. Further, it is
critcal to provide all process according to planned work methods for stump-lifing
and splittng. Also, improvements in equipment and technology refect changes
in productvity by elements of work, where descriptve statstcs are used to
compare indicators.

To accomplish the third task (improvement of the energy balance of stump
extracton, where a combinaton of stump extracton and soil preparaton before
forest regeneraton is considered), it is crucial to select appropriate felling areas
where diferent soil preparaton approaches can be compared. The assessment
criteria are prepared plantng number and quality, productvity, and consumed fuel.
Itis feasible to use descriptve statstcs to compare data sets.

The fulflment of the fourth task is based on the technological process on
stump extracton and transport technology where the following assessment
criteria are used: productvity (by work elements) and fossil energy consumpton.
Descriptve and inferental statstcs is used to compare data sets.

Study sites were selected in areas where clear-cuttng was performed three
years before planned stump extracton and the following additonal criteria were
used: species compositon (spruce dominant stands) and forest type (moderate rich
mineral soils with optmal water regime). Further empirical data process is related
to feldwork studies where monitoring of working tme and other relevant indicators
are listed separated by work categories.

2.2. The methodology for assessment of stump wood energy resources

The assessment of available stump wood energy resources was made using
the data from the Natonal forest inventory (NFI). All calculatons have been done
following the previously developed method for stump biofuel assessment at
the stand level (Lazdins et al., 2014) for the following species: Scot’s pine (Pinus
sylvestris L.), Norway spruce (Picea abies (L.) H. Karst.), birches (Betula pendula
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Roth. and Betula pubescens Ehrh.) and common aspen (Populus tremula L.). To
calculate stump biomass, initally, forest stands were categorized by age, selectng
those sites already reached the regeneratve felling age according Law on Forests,
Secton 9 (Ministru Kabinets, 2010). Other site selecton parameters were related
to the sustainable use of forest lands, for instance, forests with mineral soils in the
Vacciniosa, Myrtillosa, Hylocomiosa, Oxalidosa, Aegopodiosa, Myrtilloso-sphagnosa,
Myrtilloso-polytrichosa, Dryopteriosa stand types. Also, forest types with drained
mineral and peat soils such as Vacciniosa mel., Myrtillosa mel., Mercurialiosa
mel., Vacciniosa turf. mel., Myrtillosa turf. mel. and Oxalidosa turf. mel.) were
considered in the selecton (Lazdins et al., 2014). Forest stands with restrictons on
thinning or fnal felling were excluded from the selecton. The evaluaton of stump
resources was performed based on Latvian Natonal forest inventory (NFl) data.
Underground biomass and stump of each tree is calculated and later extrapolated
to a sample plot level were calculated using the elaborated equatons elaborated
by J. Liepins.

y=a-x", (2.1)
where:
y — potential root biomass, ta matter;
a, b — parameters;
x — the volume of the stand, m® ha.

The calculaton of stump biomass in the further analysis of productvity
indicators are established on algorithms presented by Marklund and Repola to
ensure data comparability between the studies.

2.3. Approaches for stump extracton and preparaton of technical requirements

In total three work methods were tested in stump extracton. The frst work
method is related to the CBI stump extracton machine. The new prototype device
MCR 500 was elaborated within the study and the following work methods are
tested: conventonal stump extracton method supplemented with soil preparaton
using mounding method. Diferent methods are related to technical and
technological improvements of the MCR 500 device (method 2 — applicaton of the
1%t prototype and method 3 — applicaton of the 2™ prototype) to ensure a higher
productvity rate and beter quality for soil preparaton.

Stump extracton with CBI stump extracton machine. Stump extracton and
splittng is done while excavator moves along technological trails. Thereafer, stump
piles are organized in parallel to the trails. Stumps are pulled from the right side,
forming a zone, perpendicular to the directon of movement (Fig. 2.1, the leF side).
However, stump extracton begins with the closest stumps and contnues towards
the furthest ones. Stump extracton in this zone is completed when the machine
has extracted the last stump with maximum crane extend. Further, the excavator is
moved forward and to the leF side on the next zone where stump extracton begins,
respectvely, with the nearest one.
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Fig. 2.1. Work methods for stump-pulling
(to the lef CBI, in the middle MCR 500 and
to the right side advanced method with MCR 500 device).

Stump exctraton with MCR 500 device. The excavator moves between
technological trails (Fig. 2.1, in the middle). Stump extracton is done from right to
lef side, and perpendicular to the directon of movement. Stump extracton begins
perpendicular to the directon of movement, forming the 1% zone. The frst stumps
are pulled out further away from the machine with the maximum crane extent
and loaded parallel to the trails whereas at the same tme soil preparaton is done
behind the excavator. The relatvely small stump piles are arranged in parallel to
the directon of movement, 4-8 m away from the axis of technological trails. When
stumps are pulled out in the directon of movement then excavator moves 1-5m
forward and prepares soil behind it. If the pulled stump diameter is larger than
25 ¢cm, then additonal actons are needed, such as stump splitng into several parts
and dropping of splited stump parts to reduce the amount of mineral admixtures.
Afer stump extracton the machine moves forward 5 m.

The elaborated stump extracton head fulfls following criteria:

. a new and multfunctonal device with improved and advanced technical
propertes (mass, overall size, and dimension, constructon, etc.). At the same
tme, it is possible to realize multple functons, such as stump extracton and
soil preparaton using mounding method;

. with a total mass of up to 1600 kg, which is based on theoretcal mechanical
calculatons and performing theoretcal computng, as well as modelling
constructon elements by the proposed loads during stump extracton and
soil scarifcaton operatons;

. the original constructon permitng creaton of mounds with fat surface;

. suitable to compact the created mounds using the base part of the mounding
plate (LV 14769 B, 2014).

The design of work order for the diferent methods in stump extracton is
provided in Fig. 2.2. It is possible to use this scheme for determining the stability of
an excavator type stump-pulling during the stump extracton, as well as estmated
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Fig. 2.2. Force calculatons for stump extracton
G,—Gs — base chassis, counterweight, components of the hydraulic manipulator,
technological equippment, gravitatonal force equal to stump’s mass N; L,—L¢ — distance
from the base of chassis, counterweight, components of hydraulic manipulator,
technological equipment, stump center of mass tll excavator’s axis line, m; h,—h; — the
height at which centers of gravity of components are located, m; hs — stump height on a
horizontal surface, m; B — basis of excavator, m; | — track width, m; Px, Py — components of
stump-pulling, N; P — stump-pulling force, N; a — the slope of the ground surface, degree;
¢ — the angle between stump-pulling surface and support surface, degree;
A —tpping point, R;, R, — the power of soil reacton under the track, N.
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Fig. 2.3. The diameter of stumps (d, cm) and infuence
of hydraulic manipulator (Ls) boom on response to support of tracks
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the productvity where use of diferent work methods is taken into account. For

instance, support surface, a diameter of the stump, stump height and locaton, and

technical parameters of the base chassis.

Diferent parameters of the stands and stump extracton operatons are
obtained in this thesis, for instance, the diameter of the stump, dependence on
stump gravity on the soil surface, the directon of acton on stump gravity, the
hydraulic manipulator crane distance and track width. It has been found that
a higher extend of the crane signifcantly reduces the operatonal capacity of a
stump-pulling device. For instance, at the minimum crane extend (L., =4 m) with
the vertcal power of stump-pulling it is possible to extract stumps with a diameter
of 43 cm without reducing the transverse stability. When the extend of the crane
increases 2.5 tmes, the maximum extractable stump diameter decreases to
11.7 cm (Fig. 2.3).

In additon to the abovementoned parameters, the following stump
extracton approach is considered:

. vertcal movement of the technical device (¢ =90°);

. a hydraulic manipulator is in the positon where ¢ = 0° or ¢ = 180°;

. combining movement of the technological device (0°< @ <90°), if the
movement is from excavator to the directon of working device (away from
an excavator, 90° < ¢ < 180°).

It has been found that stump-pulling with the vertcal movement has the
lowest response, but it is not efFcient under exploitaton conditons. Furthermore,
by pulling stumps in this way, moving the excavator on the horizontal surface at the
degree of 30° toward the supportng surface of the base machine is achieved that
reacton (R) under track increases 2.16-6.25 tmes (stump diameter increases from
5 to 10 cm). The achievements from the same computng show that the crane can
work with stumps with up to 25 cm in diameter.

Results show that the safest transverse stability is achieved on a horizontal
surface when on excavator base stump-pulling device might pull stumps with a
diameter of up to 50 cm and more. For this, the limitng factor is the soil adhesion
to the surfaces of the entre machine.

2.4. The development of methodology for the improvement of energy efciency

The monitoring of working tme by elements throughout the stump harvestng
process is based on recording the end tme per each working element. When
startng to monitor tme, the responsible person presses the “Start” buton (starts
the tme recording) and during the work, all stages of work elements are fxed.
Energy eFciency and productvity of the stump extracton was performed by work
operatons, from which most eFcient was selected for the further interpretatons,
based on computng made in this study. Each operaton is analyzed separately. Also
modelling of the energy consumpton in the extracton and forwarding of stumps
to the roadside landing were estmated. Also, the variaton with the lowest energy
consumpton has been identfed.
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To calculate the total energy capacity and to determine the total potental
energy return, in this study, the equaton, where the total energy balance indicates
the recoverable energy that can be achieved from the total energy supplied is used
(Wasiak, 2018). The total eFciency factor is calculated based on the energy that can
be acquired in comparison to the total energy consumed.
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3. THE ANALYSIS OF RESULTS AND DISCUSSION

3.1. Availability of stump resources in Latvia

The total renewable energy resources of the stumps correspond to 142 TWh
of primary energy where part of it, regarding forest management restrictons, is
located in forest lands where management actvites are prohibited. Most of the
theoretcally available biomass resources of stumps consist of Scot’s pine (45%),
Norway spruce (36%), birch species (15%), and that for common aspen — 4%. It
has been concluded that according to the calculatons based on the forest site
types where stump extracton theoretcally is possible and other limitatons 35%
of the forest areas are not accessible for stump extracton, because of the forest
management restrictons. The potentally available amount of stump wood is
equal to 103 TWh primary energy, where the most of the biomass (55%) is located
in forests with dry mineral soils. More than a half of the potentally available
resources of stump wood are located in state forests — 68%. The amount of
annually technically available stump wood resources is 349 GWh of primary energy.
According to the data from the Central Statstcal Bureau in Latvia, in the report
“Fuel consumpton and heat produced in heat plants, TJ” in 2018, 7690 TJ of wood
chips were needed to provide the functonality of heat plants. In the case of using
stumps for energy producton, it would provide 16.3% of the demands of the total
energy resource.

3.2. Analysis of productvity in the technological process
of stump wood preparaton

In total 3022 stumps have been measured in areas where it is planned to
carry out stump-lifing and splitng actvites. The average diameter of the stump is
33.5+ 0.4 cm and height is 26.5 + 0.4 cm in the areas where stump harvestng was
performed with CBI. In the areas where stump extracton was done using MCR 500,
the average diameter of the stump was 33.6 + 0.2 cm and height — 33.1+ 0.4 cm.
The marked stump characterizaton was based on measurement data, which were
collected before stump extracton. From all measured stumps, 75% corresponded
to conifers (Norway spruce — 59% and Scots pine — 16%).

During the study, a total of 2720 stumps were extracted. The average
diameter of stump when working with CBI stump extracton machine is 33 + 11 cm,
with MCR 500 — 33 £9 cm and with MCR 500 Il — 38 + 10 cm. The average tme
consumpton for one tyy maeer IS 0.3 h of productve working tme. The greatest tme
consumpton is related to stump pulling actvity out of soil. It takes approximately
33% from the total working tme. Other actvites take less tme — turning the
excavator machine (12%), the movement of excavator machine (11%), the stump
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crushing actvity (11%), the performance of mineral soil shaking (11%) and actvity

of the positoning of the head (10%).

The consumpton of productve working tme difers signifcantly between
the harvestng methods (p = 0.01). This is explained by improved e¥ciency of the
working process, thus reducing the tme required to extract 1 tyy maeer Of StUMpS.
For instance, while working with CBI stump extracton machine, the preparaton
Of 1 tyry mater takes 0.19 h, but working with MCR 500 device — 0.34 h. It would be
not correct to extrapolate obtained data because during collecton empirical data,
the excavator’s hydraulic pump of MCR 500 did not provide sufcient oil fow
and the splittng knife was not able to split stumps. Afer technical improvements
and upgrade of the method 2, the productvity rate is increased to 0.19 ty mater
per hour, similar to the rate accessed with the CBI head. In additon, it has to be
taken into account that equipment was repaired to ensure the required oil fow.
For further calculaton the work productvity rate is modelled at diferent levels of
technical readiness.

The achieved average productvity rate with CBI equipment is 13.6 m® h-* and
that for MCR 500 — 7.8 m? h=t. When comparing the working tme consumpton by
work elements the lower indicators (an increase of working tme consumpton with
negatve sign), was determined by comparing both devices, such as stump extracton
—69%, stump crushing —533%, stump shaking —67%, and stump dropping —137%. To
increase productvity, the following improvements have been made in the stump-
lifing and splittng equipment:

1. lowered cylinder mountng; according to the theoretcal mechanical
calculatons, when reducing shoulder length then improvements in
splitng knife efciency and speed have been observed. This signifcantly
afects productvity;

2. increased constructon resistance toward side pressure. As a result, the
improvements in technical conditons have been observed, thus reducing
downtme during repairs due to replacement of splitng blade control
arm bushes;

3. enhanced hydraulic cross-secton; This allows to connect device to a high-
power hydraulic drive system, thus reducing the resistance of oil fow in the
system, and the cylinder can operate faster;

4, several improvements are related to the soil preparaton module, which
allows increased productvity and overall work performance.

Afer several improvements in work method and the equipment feld
studies demonstrated that the MCR 500 Il prototype signifcantly decreased the
consumpton of working tme per produced unit compared to MCR 500. The average
productyvity rate working with MCR 500 Il device without soil preparaton reaches
13.1 m?® h™, but with the additon soil preparaton —11.1 m®h=,

The productvity rate of CBI and MCR 500 Il is similar (p = 0.16). Comparing
productvity rate for stump extracton with similar studies in Nordic countries,
where comparison of diferent stump pulling heads is included, this study in Latvia
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has shown remarkably higher productvity rates. For instance, several studies
in Nordic countries shows average productvity rate from 7 to 10 m*® per hour
(Laitla et al., 2008; Athanassiadis et al., 2011; Mofat et al., 2011; Palander
et al.,, 2015; Karha & Mutkainen, n.d.). It has to be taken into account that
abovementoned rates are indicatve, because additonal factors such as soil type
and stump diameter signifcantly afects productvity rate. In Latvia, feld trials are
implemented in study sites on mineral soils with stump diameters signifcantly
larger compared to the studies in Nordic countries, which are also focused mainly
peat soils.

To calculate productvity rate for transportaton, the monitoring of working
tme was extracted from seven felling areas where in transportaton of 107 loads
where analyzed. In general, the average transportaton distance in the study sites
was from 140 m to 850 m.

According to the study results the productve tme of the forwarder in
transportaton of stumps is from 88% to 100%, compared to other transportaton
works in Latvia, where this rate is lower. Other studies using equivalent technical
units, demonstrates the proporton of productve work tme ranging from 77% to
94% (Rozits et al., 2017). During the study, the most of the non-productve tme is
related to technical repairs, maintenance and restng tme for machinery operators
during working hours. Theoretcally, productve working tme should not exceed
67% if a shif lasts 8 hours or more. This can be explained by the restng tme of
the operators during working hours, assuming that the operators work 45 minutes
following by short breaks lastng for 15 minutes. This assumpton is included
in further calculatons of the productvity rate. In several research papers and
reports above-mentoned informaton is specifed as an indicator G15 (Talbot et
al., 2003) or E15 (Sirén & Aalto, 2003), which characterize the length of the break
per hour.

Achieved productvity rates in experimental felling areas for stump
transportaton varies from 3 to 12 m? h-tduring productve work tme. It has been
found that relatvely low productvity rates are related to ine¥cient use of the
load tank of a forwarder. Also, the lack of experience by the excavator operator
and avoidance of stump crushing during the operatonal work has been considered
as a downside.

During the forwarding of stump biomass to the roadside landing, it is
necessary to take into account partally flled loads because it is almost impossible
to stack stumps in a container-type loading space. In the experimental study sites,
the load density coeFcient of stump wood is 0.4, and the forwarding productvity
in this study are 3.5 tyymater ™. The distance of stump wood transportaton to
the intermediate loading pile is 7 km. Other studies have shown that the optmal
transportaton distance is considered up to 10 km where the lowest cost per km
was observed. This study concludes that stump transportaton to the intermediate
landing site from the roadside landing signifcantly increases the total cost of biofuel
producton, thus making this type of biofuel uncompettve. If logging residue and
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branches from regeneratve felling or thinning are available, this producton phase
makes stump extracton incompettve. To reduce costs stump comminuton should
be done in a roadside landing.

The stump comminuton in the experimental feldwork was performed with
several crushers, including Magnum Force 6800P, demonstratng productvity rate
of 110 tons per h, and Doppstadt 441SM, demonstratng productvity rate of 26 tons
per h. This study has shown lower productvity rates compared to similar studies
(Irdla et al., 2017), which is explained by the fact that the most of the stumps were
not splited and additonal eforts were necessary to get them into the grinder. To
ensure high performance during the whole producton cycle it is necessary to split
stumps with average and large diameter into at least four parts which will allow
increasing productvity during forwarding and comminuton (Anerud, 2012).

3.3. Assessment of soil preparaton

In this study, soil preparaton was performed using mounding method and
the main quality criteria is number of suitable plantng spots (Zimelis et al., 2012). In
the control sites, where the soil was prepared with disc trencher, 1352 + 50 plantng
spots per ha was produced. The stump-pulling device produced 1250 £ 72 plantngs
spots per ha. The scarifcaton of the soil with disc trencher took 89 + 18 min. ha?,
but using a stump-lifing device — 229 £ 21 min. ha. The total productvity rate
of MCR 500 Il decreased by 15% due to soil scarifcaton and reached 11.1 m®h,
Estmated fuel consumpton when using disc trencher is 18 L ha (excluding the
transportaton of machinery between sites, in additon to 38 L of fuel is needed for
each 100 km), but in the case when using excavator, the fuel consumpton for soil
preparatonis 49 L ha™.

3.4. The balance of development energy consumpton of extracton of stumps

To calculate the consumpton of energy during various operatons in the
stump extracton and processing, the total energy consumptons and most efectve
stump-pulling and transportaton optons was determined.

While working with Komatsu PC210LC, which is equipped with CBI stump-
lifing device, the whole technology cycle including comminuton and road transport,
the energy consumpton decrease rapidly if the diameter of the extracted stumps
reaches 20 cm. Comparison of the abovementoned while using of the MCR 500 Il
prototype demonstrates similar decrease of energy consumpton at the same
diameter threshold. Comparing the fuel consumpton while extractng the same size
stumps (diameter 42 cm), CBI stump-lifing device demonstrates fuel consumpton
of 0.91 L m=3, but MCR 500 Il prototype — 1.05 L m=. It is important to highlight that
technical readiness of the both heads is diferent, therefore MCR 500 Il aFer further
improvements of work method and constructon might reduce fuel consumpton.

The impact on forwarder productvity on the overall energy efciency of
stump biofuel producton was not signifcant, if the productvity exceeded 5 m® h-,
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In this study, the fuel consumpton using the John Deere 810D is 14.3 L h™. The
fuel consumpton of the Logset forwarder is calculated according to the Lofer
formula and, taking into account its engine power (170 hp), the fuel consumpton is
18.5 L h™. For stump forwarding with Ponsse Bufallo, the recorded fuel consumpton
is16.8 L h~L. Insimilar studies in Latvia testng of various support chains the observed
fuel consumpton for ofroad forwarding of logs can reach 17.7 L h* (Lazdin§, 2017).

The fuel consumpton at the same productvity rate (7 m*h=) while using
John Deere 810D is 2.05L m=3, using Ponsse Gazelle — 2.40 L m= and that using
Logset 4F—2.65 L m. Fuel consumpton decreases below 1 L m=3, if the productvity
rate reaches 15m®h=. The most important technical parameters are engine
capability and load capacity.

Transportaton of logs from the roadside landing site to and intermediate
landing located 7 km away requires 1.29 L m= of fuel when Scania R480 was used
and 1.52 L m=2 if Scania R500 is used. The calculatons are based on the machine
monitoring based assumpton that the fuel consumpton for Scania R500 was higher
on average by 19% in comparison to other trucks.

In this study the fuel consumpton of stump grinder CBI Magnum Force 6800P
is 0.69 L m= on average and of the Shredder DW2060 — 0.56 L m3. It has to be taken
into account that in the second case sieving machine Doppstadt 441SM is included
in the calculaton with the average fuel consumpton of 1.31 L m=3. Therefore, the
total fuel consumpton for the abovementoned machine set reaches 1.87 L m=,

Comparing the fuel consumpton of container trucks Scania 380 and
Scania 420, both trucks have similar fuel consumpton — on average 1.87 L m=,
However, the fuel consumpton of Scania R500 and Volvo FM is lower (on average
1.52 L m=2and 1.40 L m=3, respectvely). Diferences in fuel consumpton correlates
with the engine power.

In accordance with study results, the most efectve technological approach
for stump wood harvestng is to plan stump extracton with MCR 500 Il, because it
provides opportunity to prepare soil in the felling sites and to improve water regime,
and stump forwarding with John Deere 810D or similar middle-class forwarder.
If stump transportaton to the intermediate landing site is necessary, then the
transport with the lowest fuel consumpton might be chosen. Regardless of whether
crushing is done at a roadside landing or intermediate landing site, it is important to
make narrow and high piles of stumps so that they are easily accessible by a truck or
forwarder crane. The most important criteria for selecton of stump transportaton
tracks is metal cargo trailer (it is related to durability, because loading of stumps
with a weight up to 2 tons in a cargo might damage the container).

The transport must be equipped with a manipulator for the loading stumps
or loading might be done with a forwarder, which adds complexity to organizaton
of works.

The overall fuel consumpton for stump wood grinding and transportaton
(without soil preparaton) is 6.82 L m=3, and the total amount of energy efciency
factor is 3.9. This explains the fact that the amount of energy delivered to end
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users with stump biomass will be much higher compared to the amount of energy
consumed during extracton, processing and transportaton of stumps. In these
thesis also several proposals for further reducton of energy consumpton in the
producton process have been proposed. For instance, when stump grinding is
done at roadside landing site, wood chips should be delivered directly to the truck
signifcantly reducing fuel consumpton. It is also necessary to improve the quality
of stump-lifing and splitng performance which will increase the efciency of
transportaton and stump grinding.
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CONCLUSIONS AND SUGGESTIONS

The evaluaton of the potentally available stump wood resources is based
on the classifcaton of forested ecosystems and legal restrictons determined
availability of this resource. According to the NFI data 103 thousand TWh
of primary energy resources from stumps are stored in the territory of
Latvia. Technically, annually accessible amount of primary energy in stumps
corresponds to 349 GWh, which can replace 16% of total fuelwood consumed
in the country. It is also necessary to determine more accurate calculaton
where distributon by tree species and average reduced density of wood
is included.

The study results demonstrated that several disadvantages of the frst
prototype of the MCR500, which signifcantly infuence the overall
productvity and technical readiness. Numerous improvements were
implemented in the 2" prototype, for instance, lowering of the cylinder
mountng, increased durability of the constructon, enhancing hydraulic
cross-secton, and increasing the surface of the unit for soil preparaton.
Afer the abovementoned improvements, the productvity MCR 500 II
prototype increased by 59% reaching the productvity rate of the CBI device.
Additonally, the soil preparaton is possible with MCR 500.

During the stump-lifing and splitng while working with MCR 500 II
prototype without additonal soil preparaton, the amount of energy
conversion efciency is 19.9 (the productvity rate is 13.1 m? h-1). However,
while working with CBI device, the energy conversion efciency is 22.2 (the
productvity rate is 13.6 m® ht). The 2" prototype of MCR 500 can extract
and split stumps and prepare soil for the forest regeneraton by making
compacted mounds with surface area of 0.4 m2. Soil scarifcaton decreases
overall productvity by 15% reaching 11.1 m®h (energy e¥ciency factor
combining stump extracton and soil preparaton is 16.9).

As a result of this study, it is suggested that the most efectve technological
approach of stump extracton using MCR 500 Il device and stump forwarding
is ensured by medium-class forwarder (for instance, John Deere 810D used
in the study). Furthermore, for stump comminuton it is suggested to use
CBI Magnum Force 6800P (similar opton might be considered) where the
delivery of grinded wood to the fnal consumer would be performed by
the truck which is equipped by semi-trailer (in this study Volvo FM truck
is used). The fndings show that the total amount of fuel consumpton for
stump producton reaches 6.82L m=3, which provides a positve energy
efciency factor, respectvely, 3.9. In other words energy consumpton
for fuelwood producton is 3.9 tmes lower than the amount of energy
supplied to consumers.

39



To achieve a signifcant reducton in fuel consumpton during the fuelwood
producton process, improving methods for stump-lifing and splitng are
essental (the medium and large diameter stumps should be split at least
in 2—4 parts which leads to much higher efciency during forwarding and
comminuton). Also, stump splitng improves the quality of stump loading
at a roadside landings ensuring that the base width of a pile is not exceeding
3 m). When stump comminuton is done at a roadside landing site, wood
chips should be loaded directly to the truck. Theoretcally, these solutons
would reduce fuel consumpton by at least 35%, as well as the cost of stump
fuelwood producton would be much smaller.

In this study, the efcient working method for stump-lifing and splitng is
elaborated. Specifcally, the machinery movement between technological
trails is essental, while stump extracton is performed from the right to the
lef side from the directon of movement. This allows optmizing working
tme and increasing productvity rate. The relatvely small stump piles are
arranged 4-8 m away from the axis of technological trails which provides
optmal working conditons also for the forwarder. The change of the working
positon of the machine can be organized by moving in the directon of stump-
pulling by 1-5m while acquiring the advantages of the technical device
because with lifing head 4 m it is possible to extract stumps no larger than
43 cm (diameter). Also, this provides the technical device transverse stability.
Furthermore, the following actons are recommended for mineral partcles
removal performance: the stumps might be splited in several parts relatvely
high above the ground surface where the broken fragments of the stump
would hit the ground. If the result is not suFcient then stump dropping might
be repeated several tmes.

The elaborated stump extracton device and working methods for stump
extracton and soil preparaton ensures compettve performance. However
additonal benefcial forest management aspects of stump extracton should
be evaluated further. For instance, the reducton of the risk of spreading of
root rot (Heterobasidion annosum (Fr.). Bref.) in spruce stands, reducton of
costs of early tending in areas where mounding method is applied for soil
preparaton, reducton of risk of damages by Hylobius abietis L., Melolontha
hippocastani Fabr. and Hylastes cunicularius Er.
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A. 3umemuc', C. E. Apmcoz, A. CaBeabes’
!TatBuiickuit TOCYAapCTBEHHBIH JIECOXO3SMCTBEHHBIH UCCIENOBATENCKINA HHCTUTYT «CHiTaBay
2Benopyccxlzlﬁ TrOCy/1apCTBEHHBIN TEXHOJIOTMYECKUN YHUBEPCUTET
JIaTBUIICKUN CENTbCKOXO03IHCTBEHHBIN YHUBEPCUTET

UCCJIEJOBAHUE BJIUAHUSA PA3BJIMYHBIX ®AKTOPOB
HA IIONEPEYHYIO YCTOMUYUBOCTH KOPYEBATEJIS

B craThe paccMOTpeHBI KOHCTPYKTHBHBIE OCOOGHHOCTH TEXHOJOTMYECKOro 000pymOBaHUs,
KOTOPOE MPUMEHSETCs JUIS U3BICUCHHS [HEil B HACTOSIIIEE BPEMs], U EPCIIEKTUBHbIC HAIIPABJICHUS €TI0
passutus. [IpuBe/icHa CpaBHUTENbHAS OLEHKA PE3yIbTAaTOB MCCIENOBAHHIl PANAa YUCHBIX, MOCBSIIECH-
HbIX ONPECIEHUIO YCUINH KOPYEBKU ITHEH U M3YUEHUIO CIOCOOO0B UX CHIDKEHHs. YUHThIBAs LIMPOKOE
pacnpocTpaHeHHe KopueBaTesel Ha ryCeHHYHOM maccu B EBponeiickux cTpaHax, Hamu paspaboraHa
pacyeTHas CXeMa, I03BOJIAIOIAs UCCIe0BATh BIMAHUE PA3IMYHBIX (PAKTOPOB Ha IOIEPEUHYIO YCTOM-
YHMBOCTH JIAHHBIX MaIlIMH. PacueTHas cXxeMa yYHTBIBAaE€T B3aMMHOE PACIIONIOKEHHE OTAEIbHBIX JIEMEH-
TOB 6a30BOI'0 IIACCH M TEXHOJIOIMYECKOro 000pyI0BaHHA U MX rabapuTHO-MaccoBble napamerpsl. [t
MPOBEJIEHNs. TEOPETUYECKUX MCCIIENI0BAHUI B KauecTBe 0a30BOro Imaccu ObUl BHIOpPaH AKCKaBaTop
Newholland E215B ¢ texnonornuecknum obopynoBanueM mpousBoactBa SIA «ORVI» (PecmyGika
JlatBust). KpuTHYECKUM CUMTANICS ClTydal, KOTJ[a OCYIIECTBIISICTCS OTPBIB OJHOW M3 T'yCEHHI] IIacCH.
B mporecce uccie1oBaHus BapbHPyEeMbIMH TTapaMeTpaMH SBIISUIMCh AUAMETp THei, criocod KopueBKy,
BBICOTA DPACIOJIOKCHHsl TIHS HAJ ONOPHON ITOBEPXHOCTBIO, YrOJ HAKIOHA MECTHOCTH, MAacCOBO-
TeoMeTpHYECKUE NapaMeTpbl 0a30BOT0 MIACCH M €r0 OTAEIBHBIX 3JIEMEHTOB B IIPOIECCE BBHITTOTHEHHS
TEXHOJIOTMYECKHX OIEePalnii, BEUIET THAPOMAHUITYJIATOPA, IIMPUHA YCTaHABIIMBACMbIX Ha KOpueBaTelie
ryceHul. Ha ocHOBe MPOBE/ICHHBIX HCCIIE0BaHMIT JaHbl PEKOMEHIALMH 10 MOBBILIECHUIO 3P ()EKTUBHO-
CTH 9KCIUTyaTalluy KopueBaTeNeit.

KinoueBble cioBa: KOp4eBaTeip, MonepevyHas yCTOﬁ‘lPlBOCTb, pacdye€THasd cCXe€ma, MapaMeTpbl
raccu, IMaMeTp IHA, INHPpHUHA I'yCCHUIBI.

A. Zimelis', S. Ye. Ariko’, A. Savel’yev
'Latvian State Forest Research Institute “Silava”
“Belarusian State Technological University
3Latvian University of Agriculture

INVESTIGATION OF THE INFLUENCE OF VARIOUS FACTORS
ON THE TRANSVERSE SUSTAINABILITY OF THE STUMP PROCESSOR

The article deals with the design features of the technological equipment, which is used to extract
stumps at present and prospective directions for their development. A comparative evaluation of the re-
sults of studies of a number of scientists devoted to determining the efforts of stump rooting and studying
methods for their reduction is given. Given the wide distribution of the stump processor on the caterpillar
chassis in European countries, we will consider a calculation scheme that allows investigating the influ-
ence of various factors on the transverse stability of machines. The design scheme takes into account the rel-
ative position of the individual elements of the base chassis and technological equipment and their overall
mass parameters. To carry out theoretical studies, the Newholland E215B excavator was selected as the basic
chassis with technological equipment manufactured by SIA ‘“ORVI”’ (Republic of Latvia). Critical was the
case when the separation of one of the chassis tracks is carried out. In the process of the study varied the pa-
rameters: the diameter of the stumps, the way of stump processor, the height of the stump above the bearing
surface, the angle of the clone of the terrain, the mass-geometric parameters of the base chassis and its indi-
vidual elements in the process of performing the technological operations, the outlet of the
hydromanipulator, the width of the caterpillars installed on the stump processor. On the basis of the research,
recommendations are given to increase the efficiency of the operation of the stump processor.

Key words: stump processor, transverse sustainability, design scheme, chassis parameters, diame-
ter of stumps, caterpillar width.

BBenenne. B HacTosmee BpeMms aKTyalbHBIM
HalpaBJICHUEM SIBISIETCS pa3paboTKa U BHEAPEHHE
000pyIOBAHNA W MAIIMH JUI1 KOPYEBKU IHEH, 4TO
obecrieynBaeT MOBBINIEHHE S((HEKTHBHOCTH BbI-
TIOJTHEHHS JISCOXO3CTBEHHBIX M J€COBOCCTAHOBH-

Tpyasi BITY Cepusi1 Ne2 2018

TeNbHEIX paboT [1-4]. Ilpu HeOombmoM oOBeMe
paboT KopueBKa MHEH OCYIIECTBISETCS C HIOMOIIBIO
KOBIIIa 3KCKABaToOpa, OJHAKO BEIyTCS PabOThI MO
CO3/1aHHI0 0OJiee COBPEMEHHBIX MAILMH JUls KOpde-
BaHMSl M MOJTOTOBKHM JICCHBIX IUIOLIAJEH MOJ MO-



A. 3umennc, C. E. Apuko, A. CaBeAbeB

175

caznky KyabTyp [5-9]. Tak mBenckas ¢pupma Gremo
Mpe/ICTaBIIa paJHoyTIpaBisieMyto MamuHy [2, 10] ¢
MaHUITYJIATOPOM U CHEHUAIBHBIM KOPYEBATEIEM B
BHUJIE M30THYTON BHJIKH C MEXaHU3MOM PacKaJIbIBa-
Hus (puc. 1, a). Jlns o4MCTKH JlecoceKk OT IHEH,
KaMHell ¥ KPYIHBIX TOpyOOUYHBIX OCTAaTKOB Ha OTe-
YECTBEHHBIX NPEANPUATUAX IUPOKOE PacnpocTpa-
HEHHME NOJydYWi1a KopyeBaitbHas MammHa KM-1
(puc. 1, 8), npeacrapisitoniasi coboi JIECHOH Tpak-
TOp ¢ HepeHel HaBeCKoil pabodero opraHa B BUIE
3yObeB, MO3BOJISIOIIMX OCYIIECTBIAT KOPUEBKY 32
CUET TATOBOTO YCHIIMS, TIOJbEMHOMN CHIIBI HJIN COYe-
TaHUsA TOTO W Apyroro [5-7]. AHajlorn4Hyro KOM-
MIOHOBKY HMEIOT KOpYEBAaTEH, CO3/laBacMble Ha
6aze Oy/nbIO3epOB IIyTEM HABCLIMBAHMS KOp4C-
BaybHOrO obopynoBanus MII-18-6 MossIpckoro
MaIIMHOCTPOUTEILHOTO 3aBoa (puc. 1, 2) [5].

B crpanax CkaHIUHABHU TSI KOPYEBAHUS MHEH
u KOpHeﬁ qame BCEr0 MPUMEHSIOTCS TI'yCCHUYHBIC
9KCKaBaTOPbl CO CICIHAIBHBIM 000pYIOBaHHEM
(puc. 2). Ilpu sToM Ha cTpeiny dKCKaBaToOpa HaBe-
IIMBAeTCS BWJIOYHBIN KOpYEBATENb, MPEICTABIISIO-
muit co00i H30THYTYI0 BHIKY C HECKOIBKHMU
3yObSIMH WM BUJIKY C 3yObsIMH, KOIATEJIBHOH JIO-
MIATKOM U PACKaJbIBAIOIIM MeXaHU3MoM [2, 10].

Beibop kopueBanbHONH MamMHEI M crocoda
KOPYEBKU 3aBHUCUT OT NPHUMCHIEMBIX TCXHOJ’IOFI/Iﬁ,
KOJIMYECTBA ¥ IMaMETpa ITHEH, MMEIOIIerocs apka
MalInuH, X KOMIIOHOBOYHBIX peIHCHI/Iﬁ M TCXHHUYC-
CKMX XapakTepucTuk. Ilpu 3TOM HamMeHee H3Y-
YCHHBIMU SABJIIIOTCS KOPYEBATEIH, CO31aBacMbIC
Ha 3KCKaBaTOPHOM IIIaCCH.

OcnoBHast yacTtb. [Ipu padore MaHuIyIATOP-
HBIX MAIllMH OCHOBHBIM 3KCIUTyaTal[HOHHBIM IIa-
paMeTpoM, OrpaHHYMBAIOLINM (YHKIHMOHAILHBIC
BO3MOXHOCTH, SBIIACTCS IIONEpeYHas yCTOWYH-
BocTh [11, 12], Ha KOTOpYIO OKa3HIBAIOT BIHUSAHHE
KpPOME MacCOBO-T€OMETPUYECKUX IapaMeTpOB M-
HaMHYECKHe TPOLECChl M KOMIOHOBOYHBIE TNapa-
METPBI TEXHOJIOTHIEeCKOro obopyroBanus [12-15].
IIpu 3TOM OTCYTCTBYIOT METOJHKH, TTO3BOJISAIOIINE
PEKOMEHIOBATh PEXUMBI SKCIUTyaTallMy JaHHOTO
o0opyaoBaHus ¥ 0a30BOr0 IIACCH NMPH KOPYEBKE
nmHel. YuuteiBas, 4T0 3 (PEKTUBHOCTD MPHUMEHE-
HHSI MaHHIYJSATOPHBIX KOPYEBAIbHBIX MAIIMH B
3HAUUTEIBHON CTENEHM OrpaHHYEHa TI'Py30I0.b-
€MHOCTBIO MAaHHITYJIATOpa, MepBOOYEPETHON 3a1a-
4ell SBIANOCH YCTAaHOBJICHHE 3aBHCHMOCTH BIIHS-
HHS IMaMeTPa ITHS Ha YCUIIHE KOPUEBKU.

B nannoM HampaBienun padoran Casuu B. JI.,
KOTOPBII yCTaHOBMJI 3aBUCHMOCTh BEPTUKAIBLHO-
TO yCHJIUSI KOPYEBKH OT JUAMETPA ITHS, TP 3TOM
MOTPENTHOCTh  PE3YNbTATOB TEOPETUUECKHX H
SKCIIEPUMEHTAIBHBIX HCCIENOBAHUHA COCTaBHIIA
8-10% [16].

Amnanornynsle MccnenoBanus nposogun Coir-
nmatenkoB B. U. [17], KOTOpeIM yCTaHOBIICHO, YTO
NpH yAQJICHUH HHEH HEOOXOIMMO BBINEIHUTH JIBE
craguu (HOpMHUPOBaHUS U compoTusieHus. Ilep-
Bast CTaIusl CBSA3aHA C BHEJPEHNEM paboyero opraHa
B 3EMIISTHYIO TTIOBEPXHOCTh BOKPYT KOPYYEMOTO MHs,
B pe3yJibTaTe KOTOPOTO IIPOUCXOIMT Iepepe3aHue
KaK TPYHTa, TaK U YaCTH KOPHEBOH CHCTEMBI; BTO-
pasi — cBs3aHa C BEPTUKAIBHBIM HObEMOM ITHS.

8

Puc. 1. KoMnoHoBouHbIe CXeMbI KOpUeBaTeei:
a — Gremo Besten; 6 - WESTTECH G1250; 6 — KM-1; 2 — MII-18-6

Tpyabl BITY Cepusi1 Ne2 2018



176 MccaearoBaHWe BAMSIHUSE Pa3AMUHbIX (PaKTOPOB Ha MOMepPeYHyIo YCTOMUYMBOCTb KOpHeBaTeAs

Puc. 2. Paboune opransl 171 KOpUEBAHUS:
@ — U30THYTas BUIIKA C HECKOJILKMMU 3yObsSMH; 6 — N30THYTast BUJIKA C 3yObsMH, KONATE bHOI JI0maTKoi
U PaCKallbIBAIOLIMM MEXaHU3MOM; 6 — KOPYEBaTEIb C 3aXBaTaMH M MEXaHU3MOM JPOOJIEHUs

Ha puc. 3 mnpencraBieHbl 3aBUCUMOCTH Tpe-
OyeMbIX YCHJIMH Ha KOPYEBKY, YCTaHOBJICHHBIC
Casuuem B. JI. (P)) [15], ConnarenkoBsiM B. 1.
(P,) [16] u Erumnxo C. B [17].

P, xH
200
150
100
50
0
0 10 20 30 40 d, ™M
......... P - Casny B. JI.
----- P, — Conpnarenkos B. 1.

e P, — Erunxo C. B.
e= e= P — Erunko C. B.

Puc. 3. VI3MeHeHne ycuinii KOPUEBKU OT AUAMETpA ITHS

Jlnst MozeTupoBaHus Tpouecca paboThl Kopye-
BaTeNlsl MPUMEHSIINCh PE3yNIbTaThl MCCIIETOBAHHI
Erunxo C. B., KOTOpBIi yCTaHOBHI HEOOXOIMUMEBIE
yeunus (puc. 3) Ha KOPUEBKY ITHEH BEPTUKAIBHBIM
(P,) 1 ropusoHTaNbHBIM (P,) nBuxenuem [17].

Jlnst uccnenoBaHus BIMAHMS HAa 9KCILTyaTalld-
OHHBIE CBOICTBa KOpUEBaTEeNsl MapaMETPOB IHEH,
C1oco00B KOPYEBKH M MAacCOBO-I€OMETPHYECKUX
napaMeTpoB 06a30BOro Imaccu Oblia paspaboTaHa
pacderHast cxema (puc. 4), yYUTBIBAIONmas pacmo-
JIO)KCHUE OTACNIBHBIX JICMCHTOB MAIIMHBI B IIPO-
LIeCCe BBIMOIHEHHS TEXHOJIOTHUECKHX ONEPALIUi.

Pa3paboranHas ¢ y4eToM BBIIIENEPEUHCICH-
HBIX PEe3yJIbTaTOB MOJIEIb MO3BOJISIET IPOU3BOAUTH
OLICHKY YCTOHYMBOCTH 0a30BOr0 IACCH MAHUITY-
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JIASTOPHOTO THUIA TP OCYLIECTBICHUM OIEpalii
KOPYEBKH, a TAKXKE OCYIIECTBIATh OLECHKY 3 dek-
THBHOCTH TIPUMEHEHHUS Pa3IMYHBIX MPHEMOB pa-
0OTHI B 3aBHCHMOCTH OT YKJIIOHA MECTHOCTH, JHa-
METpa IHsI U BBICOTHI €r0 PaCHOJIOKCHUS, a TAKXKE
TEXHUYECKHX XapaKTEePHCTUK GAa30BOTO IIACCH.

Jlns uccnenoBaHust B KauecTBe 6a30BOro mrac-
cu Obu1 BoIOpan 3kckaBarop Newholland E215B ¢
TEXHOJIOTHYECKUM 00OpYIOBaHHEM IPOH3BOJCTBA
SIA «ORVI» (Pecrry6muka JlaTBus), omeHka mo-
HEPEYHOH YCTOHYMBOCTH KOTOPOIO HPOM3BOIH-
J1aCh HAa OCHOBAaHMM M3MEHEHHMS PEaKIUil MoJ Ty-
CCHHLIAMH.

Ilpn wccienoBaHNUM KPUTHYECKHM CUHTAJCS
MOMEHT, KOTJla TIPOMCXOAUT OTPBIB TYCCHHIIBI OT
OIIOPHOH TOBEPXHOCTH. McXons u3 mpuBeneHHOH
BBIIIE CXEMBI Peakuu R; U R, ONpenenstoTcs mo
BBIPAKCHUAM:

R, =[G,(L, +0,5B+0,5[)cosa— G,h, sina+
+G,(L, +0,5B+0,5/)cosa— G, sina.—
- G;(L; —0,58-0,5/)cosa—G;hysina —
-G,(L, —0,58-0,5l)cosa— G h,sina—

— (G5 +Gy)(Ls —0,58—0,5)cosa— Gshs sina —
— Gghgsina— P,(Ls—0,58-0,5/)sinp +
+P.hgcos]/ (B+0,5),

R, =[-G,(L, =0,5B)cosa+ G,h, sina+
+G,(0,5B—L,)cosa+ G h sina+
+G;(L; +0,5B)cosa+ Gyhysina +
+G,(L, +0,5B)coso.+ G, h, sino +
+(Gs + Gg)(Ls +0,5B) cos 0.+ Gshg sina +
+ Gghgsina+ P, (Ls +0,5B)sing —

— P.hgcoso]/ (B+0,50).

B mpomecce wccnmenoBaHuii  BaphHPYEMBIMH
HapaMeTpaMH SIBIIAIIMCH: IMAMETP ITHs, BEICOTA Ero
PACIONOXKEHUS HAJ TMOBEPXHOCTBIO 3EMJIH, Ha-

TIpaBJICHNE ACHCTBUA KOPUYIOIIETO YCUIIHS, BBUICT
THAPOMAHUITYJIATOpA U IIHPHUHA T'YCEHUIIL.
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Puc. 4. PacueTHast cxema KopuyeBaTes:
G—Gg — Bec 6a30BOTO MIACCH, TPOTUBOBECA, CTPEIIBI X PYKOSATH THIPOMAHUITYJITOPA, TEXHOJIOTHYECKOTO
000pyJ0BaHUS U ITHSA COOTBETCTBEHHO, H; L1—Ls — pacCTOSHUS OT IPOJ0JILHON OCH 06a30BOT0 MACCH
JI0 €ro IIEHTPa TSHKECTH, LIEHTPOB TSHKECTH MPOTUBOBECA, CTPEIIBI M PYKOSATH I'MAPOMAHHITYIIITOPA, KOPIYyEMOTO IHS, M;
hy—hs — BBICOTBI PAaCIIOJIOKEHHS LIEHTPOB TSHKECTH MIACCH, IPOTHBOBECA, CTPENIBI M PYKOSITH THAPOMAHHITYJISITOPA,
TEXHOJIOTHYECKOTr0 000PyI0BaHHUSI H KOPUYEMOTO ITHSI, M; /i — BEICOTBI PACTIONIOKEHHUSI TOPU30HTAIBHOM
COCTaBIISIONIEH HaJl OTIOPHOM MOBEPXHOCTHIO, M; B — 6a3a, M; / — IIUpHHA TyCEeHHIIEI, M; P, P, — KacaTeIbHas
¥ HOpMaJbHasl COCTABIISIOIME COMPOTHBIICHHS MHs KopueBanuio, H; P — ycunue, HeoOxoanmoe st KopueBky, H;
0 — YKJIOH MECTHOCTH, I'Paj; ¢ — Yrol MEeXIy HalpaBlIeHUeM KOPUYEBKU U OIIOPHOH IOBEPXHOCTHIO, IPa;
A — TouKa ONpOKUIbIBaHUS; R, R, — peakiuu noj ryceumamu, H

VYCTaHOBIIEHO, YTO yBENMYEHWE BBUIETA THI-
pomaHumyssitopa (puc. 5) NPUBOIUT K CyIIECT-
BEHHOMY CHMKEHHIO SKCILTyaTal[HIOHHBIX CBOWCTB.

R, xH

350 /

300
/
250 /

200 — /

150 ----b?(/ s=4M |

100 Tread

50 L <[

0 =s >
0 5 10 15 20 25 30 35 dcu

== R, —_—,

Puc. 5. Biusinue anamerpa nus (d) ¥ BbuieTa
ruapoManumyisitopa (Ls) Ha pacnpezeneHue
OINOPHBIX PEAKIUi KopueBaTesst

Tak npu Kop4yeBKe ITHEi Ha MUHUMAIIbHOM BbI-
JIeTe rUAPOMaHUITyIsTOpa (Limin = 4 M) BepTHKaAIIb-
HBIM yCHIIMEM 0€3 T0TepH yCTOWYMBOCTH KOpUYEBa-
Tenst obecrieunBaeTcs 00paboTka IHEH Makcu-
MaJlbHBIM auameTpoM 10 43 cM. Ilpu yBennuenun
BbIJIETa THIPOMAHUIYIATOpPa B 2,5 paza Makcu-
MaJIbHBIH IMaMeTp KOPUYeMOTO ITHsI CHIDKAeTCs J10
11,7 cm.

Ilpun pabore Ha YKIOHE IPEANOYTUTENHHBIM
SIBJISICTCSI OCYIIECTBICHUE KOPYEBKM IHS, pacmo-
JIO)KEHHOTO CO CTOPOHBI BO3BBINIEHHOCTH. YCTa-
HOBJICHO, 4TO IPHU pabOTe Ha MaKCHMAJILHOM BbI-
JieTe MaHUITyJIsITopa 1Mo ykiIoH B 30° kopueBaTeb
MOJXXET OCYIIECTBJIATh KOPYEBKY HHEH AnaMeTpoM
10 20 cMm (puc. 6), a B citydae pabOTHI ¢ YKIOHA B
10° naHHas MamIMHA HE CMOXET KOpYeBaThb ITHU
JIramMeTpoM Oosiee 6 cM BBHAY IOTEPH yCTOWYMBO-
CTH, 3aKIIOYAIOLIEHCs B OTPHIBE T'yCCHHIBI OT
OIIOPHOI TOBEPXHOCTH.

Kpome paccMoTpeHHBIX Bble (hakTOpOB Cyllie-
CTBEHHOE BIIMSIHUE OKa3bIBAaET CHOCOO KOPUYEBKH, KO-
TOPBI MOKET OCYIIECTBIIATHCS BEPTUKAIBHBIM JIBH-
JKEHHEM TEXHOJIOTHIECKoro ooopynoBanus (¢ = 90°),
TOpU30HTANIBHBIM K (¢ = 0°) wm ot (¢ = 180°) ma-
IIWHBI ¥ KOMOWHUPOBaHHEM K (0° < ¢ < 90°) miu ot
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(90° < ¢ < 180°) mammHEL B pesynbraTe TeopeTH-
YEeCKHX MHCCIIEIOBAaHUII yCTaHOBIICHO, YTO IpU
OCYIICCTBIICHUM KOPYEBKU IIHS BEPTHKAIBHBIM
JBIDKCHHEM TEXHOJIOTHYECKOro 000pyI0BaHus Tpe-
OyeMoe ycuiue sIBIsSeTCS HauMEHbIIUM (pHc. 3),
OJIHAKO JAHHBIM cIoco0 He ABIIEeTCs Hauboiee
3¢ GEeKTUBHBIM ¢ TOYKH 3PEHHUS] 00ECIeYeHHs BbI-
COKHMX 3KCIUTyaTallMOHHBIX cBoiicTB. Tak B cirydae
KOPUYEBKH ITHS Ha TOPU3OHTAIBHOH IOBEPXHOCTH
JBHKCHUEM TEXHOJOTHYECKOT0 O00OpYAOBaHUS K
MammHe 1o yrinoM 30° K ONMOpHOW MOBEPXHOCTH
obecrieunBaeTCsl yBEJIMUYCHHE ONOPHOI peaKIun
R, mox pasrpyxkaemoii rycenuueid B 2,16-6,25
pasa (puc. 7) mpu M3MEHEHHH JHaMeTpa Kopuye-
Moro mHs oT 5 cM 10 10 cM, mpu 3TOM obecneyn-
BAcTCS BO3MOXKHOCTh 00pabOTKH JPEBOCTOS JUa-
metpoM g0 25 cm. HamGomemas ycToW4mBOCTB
KOpueBaTensi 00ecIeunBaeTCsl MPH TOPH30HTANb-
HOM KopueBke mHA. [Ipum 3TOM obecmeumBaeTcs
KOpYEeBKa MHEW JuaMeTpoM cBblie 50 cM, a Mak-
CHMAJIbHBIIl THaMETp OrPaHUYNBACTCS CLEMHBIMU
CBOICTBAMH MAIlIHHBI.

R, xH
250 —
200 \ z& /
150 a=10
o=-30°
100 "“-/~L~ /
50t
0 ....l - -."-.' So
0 5 10 15 d, cm
ceeeee R, R,

Puc. 6. Biusiune muamertpa st (d)
1 yKJIOHAa MECTHOCTH (0.) Ha pacrpe/ieneHue
OTOPHBIX PEAKIHil KOpUYeBaTEIst

M3MeHeHue peakuuii 1oj I'yCeHUIaMu Kopye-
BAaTeJIs IPH TOPU3OHTAIILHOM CHOCO0E U3BJICYCHUS
ITHS 3aBHCHUT OT HANPaBJIEHHS YCHIHS KOPYEBKU U
PACIIOJIOKEeHUS MHS 110 OTHOIICHUIO K TOPH30HTY
(puc. 8).

Hcxonst U3 IOTydeHHBIX 3aBHCUMOCTEH BUIHO,
YTO INPU PACIIOJIOKEHHUH YCHIIHS KOPYEBKH HIKE
OMOPHO# MOBEPXHOCTH 00ECIEYHBACTCS TOBBIILIC-
HHE YCTOMYMBOCTHM MAIIMHBEL Tak mIpH pacmono-
JKeHHH THS HaJ| OIOPHOH ITOBEPXHOCTHIO IPOHC-
XOAUT YMEHBIICHHE OMOPHOW pEaKkiMd HOA pas-
rpyxaemoii rycenuneit ot 0,53 kH (d = 5 cm) 1o
8,2 kH (d = 50 cm) Ha kaxaeie 10 cm moabema, a B
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Cllyyae pPacHoOJIOKEHUs MHS HIDKE ONOPHOM Io-
BEPXHOCTH TPOUCXO/HUT yBEIHYCHHE OMOPHOI pe-
aKIUU 10 pasrpykaeMoi rycenuret ot 0,53 kH
(d=15 cm) 1o 8,2 xH (d = 50 cm) Ha kaxzapie 10 cm
OIyCKaHMSL.
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Puc. 7. Bmusune quamerpa nast (d)
1 yrna (o) MeXIy HalpaBJICHHEM KOPYCBKU
U OTIOPHO¥ NIOBEPXHOCTHIO HA PAacIpeieeHHe
OIOPHBIX PeaKIHii KopueBaTes

R, xH

200

150

N, e,
e

100
N

50 17
he=1mMm

0 10 20 30 40
-=-=-R, Ry
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Puc. 8. Biusiane guamerpa st () u BBICOTHI (/16)
pacIoIoKeHHs: TOPU3OHTAIBHON COCTaBIIONIeH
YCHIIHSL KOPYEBKH HaJl OTIOPHOM MOBEPXHOCTHIO

Ha Paclpe/IeICHIE OMOPHBIX PEaKIHil KOpIeBaTEIIst
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Crnenyer OTMETHTh, YTO Ha dKckaBaTope New-
holland E215B MoryT ycraHaBIHBaThCS I'yCEHHUIIBI
ummpusoi 600, 750 u 900 mm. IIpu atom ux raba-
PHUTHBIE W MacCOBBIE ITapaMeTPbl HE OKa3bIBaIOT
CYIIECTBEHHOTO BIMSHHS HA HOMNEPCYHYIO YCTOM-
YHBOCTh. YCTaHOBKA TyceHHI mmpuHOH 900 MM
BMecto 600 MM npu paboTe Ha MaKCUMAaIbHOM
BBIIETE IO3BOJIUT OOECHEYUTH BO3MOXHOCTH 00-
pabotku nHeit auameTpom 1o 16 cM BMecTo 12 cM.
VX mpuMeHeHHe TaKKe TaeT BO3MOXKHOCTH MOBBI-
CHUTb HPOXOJUMOCTh KOPYEBATEIIS.

3axuouenune. B mporecce uccienoBanuii ObI-
JIO YCTaHOBIICHO, YTO B HACTOSIIEE BPEMs Ul U3-
BJICUYCHHUS MHEH NPHUMEHSETCS JOCTaTOYHO pas3HO-
00pa3HOe TEXHOJIOTHYECKOe 000PyI0BAHUE, UMEIO-
Iiee pa3NyHble rabapuTHO-MACcCOBBIE U TEXHUYE-
CKHE XapaKTePUCTHKM, a TaKKe OTIMYarolieecs
KOHCTPYKTHBHBIM HCTIONHeHHeM. [Ipm stom Ha
IpoLIecC KOPUYEBAHUS CYIECTBEHHOE BIHSHUE OKa-
3BIBAIOT HE TOJIBKO IapaMeTphl 0a30BOTO INACCH H
KOpPUYyEeMOro THs, HO M TpueMbl paboTel. B mo-
CIIEJHUE TOIbI B KadyecTBe 0A30BOrO IAcCH Bce
OoJblllee PacIpPOCTPaHEHHE HAXOIAT T'yCEHHYHbIE
MalllMHbI, OCHAICHHbIE THIPOMAHUITYIATOPOM H
pabourm opraHoM st Kop4eBaHus. s oneHku
(YHKIMOHAIBHBIX CBOICTB JJAHHBIX MAIMH pa3pa-
OoTaHa pacyeTHasi cXeMa M IPOBEJCHbI TEOPETH-
YecKHe HCCIEIOBAHNS BIMSHHUSA Pa3IMYHBIX (hak-
TOPOB Ha TONEPEYHYI0 YCTOWYMBOCTb. K OCHOB-
HBIM IPH3HAKaM IOTEPU YCTOHYMBOCTU OTHOCST-
CsI: OTPBIB OT IUIOCKOCTH CKJIOHA OJJHO M3 I'yCEHHLL;
HeoOpaTUMasi MOTepsi YCTOMYMBOCTH BCEH Marlu-
HBl M €¢ ONpOKWAbIBaHWE. B KkauecTBe KpuTHUe-
CKOTO IIPH3HaKa MOTEPU YCTOHYMBOCTH CIEIyET
paccMaTpuBaTh CIydail OTpbIBa OJHOM N3 TyCEHHI],
TaK Kak IpH SKCIUTyaTaIl[uy KOpUeBaTeNs B JAaHHOM
cilydae He oOecreunBaeTcsi 6e30IaCHOCTb PabOThI
[12]. dns mpoBeaeHHs TEOPETHYECKUX HCCIIET0BA-
HHI B KayecTBe 6a30BOTO IIaccH ObLT BEIOpaH JKC-
kaBatop Newholland E215B ¢ TexHOMOrmIeckum

obopynoBanuem npousBoactBa  SIA  «ORVI»
(PecnyOnmka JlaTBus).

B pesynbrare uccnenoBanuii GbUIO yCTaHOB-
JIEHO, YTO TIPH OCYIIECTBICHUH KOPYEBKH BEPTHU-
KQJIBHBIM yCHJIMEM IOTEPs yCTOHYMBOCTH 6a30BO-
To IMAcCH HACTyIaeT IPH MEHBIINX IapameTpax
nHs. B ciyuae kopueBKky mHeil JBUKEHHEM K ceOe
noJ yrioM 60° kK BEepTHKAIBHON OCH yCTOHYUBOCTD
NPOTHUB ONMPOKUBIBAHUS yBEIUYUBacTCS B 2,16—
6,25 pa3a B 3aBUCHMOCTH OT AuameTpa oOpadaThI-
BaeMoro nHs. [Ipy 3TOM B ciyyae KOpYEBKH IHS
JBIDKEHHEM OJIM3KMM K TOPH30HTaJIbHOMY IIpO-
JONIbHASL YCTOMYMBOCTD LIIACCH 00ECIIEUHBACT BO3-
MOXKHOCTh KOPYEBKHM ITHeil amamerpoM 10 50 cm
Ha MakCHMaJbHOM BbuteTe. OHaKo npu paboTe Ha
TPYHTaX ¢ HU3KOW Hecymieil CiocoOHOCThIO CyTiie-
CTBYET BEPOSTHOCTh OOKOBOTO CHOJI3aHUSL.

VunThiBasg BBIIIECKA3aHHOE, MOXHO CJIeJIaTh
BBIBOJI, YTO JUIst oOecredeHus ek THBHOCTH dKC-
IUTyaTaluy KOpueBaTellsi U3BJICUECHNE ITHEH Ha Mak-
CHMaJbHOM BBUIETE PEKOMEHIYETCS BBIIOJIHATD
IO/l YKJIOH JIBIDKEHHEM TEXHOJIIOTMYECKOTO 000py-
JIOBaHHsI, KOTOPOE HAIPABICHO MapaJlIeNIbHO ONop-
HOIi oBepxHocTH. [Ipy 3TOM B Citydae pacrionoxe-
HMSl THS BBIIIE OINOPHOM MOBEPXHOCTH OOJbIIast
THoTepeyHasl yCTOHYMBOCTh OOECIHeYnBaeTcss IpH
JBIDKEHHU TEXHOJIOTMYECKOro 000pyIOBaHMS OT
MallVHBI, a B CIIy4ac PacCIOJIOKCHHs ITHS HIDKE
OHOPHOH MOBEPXHOCTH KOPYEBKY CIELYeT OCYIle-
CTBIISITH JIBIDKCHHEM K 0a30Boi MammHe. Paspabo-
TaHHAs PacyeTHAast MOJIENb TI03BOJISET IIPOU3BOIHTD
OLICHKY SKCIUTyaTal[HOHHBIX CBOWCTB MAIllMH MaHH-
MyJITOPHOTO THUIA, OCYIIECTBISIOMNX KOPYEBKY
IIHEH BEPTHUKAIBHBIM, TOPH30HTAIBHBIM MM KOMOH-
HHUPOBAHHBIM JBIDKCHHEM, CPDAaBHUBATH KOPYCBATEIH,
co3/aBaeMble Ha 0a3e T'yCEHWYHBIX MAaHUITYJISITOP-
HBIX MAIMH Pa3JNYHBIX MPOM3BOAMUTEINCH, IaBaTh
PEKOMEH/IAIMH 1O MOBBIICHHIO 3 (HEKTUBHOCTH pa-
OOTBl JAHHOM TEXHUKH B Pa3IMYHBIX MPUPOTHO-
IIPOM3BOJICTBEHHBIX YCIIOBUSAX KCIUTyaTalHH.
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Productivity of stump extraction with MCR500
bucket in Latvia

Agris Zimelis
LSFRI Silava
Salaspils, Latvia
agris.zimelis@silava.lv

Abstract- The scope of the is to estimate productivity of stump
extraction using experimental excavator bucket MCRS00, which
can pull and split stumps and prepare mounds for the forest
regeneration. Productivity of extraction of the stumps
representing different diameter groups, species, as well root rot
damages was evaluated using time study method. The study is
implemented in 5 stands with total area of 8.2 ha. The results of
the study demonstrates that extraction of a stump of healthy tree
takes in average 11 % less work time than extraction of rotten
stump, mostly because heavily rotten stumps can’t be extracted
in one piece. Extraction of the coniferous tree stumps is more
efficient in compare to the deciduous trees; duration of all work
elements is smaller during the pulling and splitting of the
coniferous tree stumps. The proposed technology allows to
reduce the time spent for a single stump extraction.

Keywords — productivity, stump extraction, MCR500

L INTRODUCTION

Scientific studies about stump use for biofuel and impact of
stump extraction on forest regeneration in Latvia dated back in
late 19th century [1]. After Latvia gained sovereignty in the
20th century, the issue about energy independence was
outstanding; thus, forest owners returned to stump extraction
and solution of the forest regeneration problems. Like
nowadays, opposite opinions were declared at that time, for
example, Ceichner[2] believed that stump harvesting is
facilitating leaching of nutrients and erosion of soil. He did not
recommend performing stump extraction in state forests.

Forest bioenergy is becoming increasingly important for the
forest owners and forest industry in Latvia. Logging residues
from clear-felling for biofuel production has already become
widely accepted technology in state and private forests in
Latvia. The use of these resources is growing together with an
increase in the number of individual boiler houses, which are
significant consumers of energy. If you see the GDP,
contribution to total forest sector it shall be drawn up around
6%. The number of employees in this sector represents 5% of
the workers. The demand for forest fuel is expected to grow
due to increase of consumption in district heating sector and
forest industries, like pellet production [3]. Besides extraction
of harvesting residues form clear-felling, a variety of other
forest residues can be utilized for biofuel production.
Extraction of stumps started in Finland and to some extent — in
Sweden [4]. If cost efficiency is used to evaluate potential of
potential resources, stumps are located in the next position after
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harvesting residues from clear-cuts, both, in terms of available
resources and harvesting costs [5].

Stumps consist of wood and bark of a tree below the stump
cross-section. Recovery is performed with heavy machines
after harvesting and removal of roundwood. Excavators
equipped with a special stump extraction buckets that can pull
and split stumps into smaller pieces are usually used for
production. The harvestable dry mass of a stump-root system is
23...25% of the stem wood biomass, for both spruce and pine
[6; 4]. However, elsewhere in the literature of the stump and
the root volume, 18-25% for pine, 25-30% for spruce and 20-
24% for deciduous trees are pointed [7].

As a comparison, the crown mass and stem ratio is typically
40...60% for spruce and 20..30% for pine in Finnish and
Swedish studies [6]. Information about extractable biomass of
stumps of deciduous trees is limited [5].

Stump wood resource extraction economic benefits is
largely dependent on the technology used and productivity.
Stump harvesting productivity increase possibilities, with the
associated time consumption for stump removal operations
chain and the evaluation of results obtained has been the aim of
many researchers [8; 9; 10;1112;13;14]. Technological factors
affected stump harvesting operations productivity has been also
objectives of this study. These objectives have been chosen to
focus on the stump extraction elements duration and how they
differ depending on the technology used.

1L MATERIALS AND METHODS

The trials were established in three forest stands managed
by Ltd. “Rigas mezi” nearby Ogre city and two forest stands
were established in the JSC company ‘Latvijas Valsts Mezi’
(Table 1). Pine dominant stand (176-18) was on naturally wet
mineral soil. It was used generally to adapt to the working
method. Four spruce dominant stands were located on naturally
dry mineral soil (98-4., 410-58-34., 501-360-9) and drained
mineral soil (104-9). Other tree species represented in the
experimental stands were silver birch, common aspen and
black alder. All stumps of black alder and other rare deciduous
species were left in the stands.

All stumps were measured (species, height, diameter and
visually identifiable rotting signs) and marked before
extraction. The harvesting, forwarding and soil scarification
trials were implemented from September to November 2011 at
,-Rigas mezi”, and in the JSC Company ‘Latvijas Valsts Mezi’
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it was from November to December 2012. The time studies
were implemented according to work elements are listed in
Table 2. Field computer with SDI software was used to record
work elements. Time consumption is expressed in centiminutes
(cmin.), which is 1/100 part of a minute.

TABLE L CHARACTERISTICS OF EXPERIMENTAL STANDS
Code Area, Dominant tree Stand type Stand
ha specie composit
ion
176-18 11 Pine ) (Pinus | Myrtillososph 738
sylvestris L.) agnosa
Spruce  (Picea
98-4 1.7 abies (L.) H. | Hylocomiosa 052P2B
+ A, Ga
Karst.)
Spruce  (Picea .
104-9 0.7 abies (L) H. | Myrtillosa 752P1B
mel. + A, Ga
Karst.)
Spruce  (Picea 85103
410-58-34 1.7 abies (L.) H. | Hylocomiosa 1B83
Karst.) 1P83
Spruce  (Picea
501-360-9 30 abies (L) H. | Hylocomiosa 6S3PIB
98
Karst.)
TABLE II. 'WORK ELEMENTS
No Stump extraction
1. Tower turns
2. Driving in stand
3. Reaching
4. Catching
5. Pulling
6. Splitting
7. Shaking
8. Dropping
9. Scarifying
10. Other operation

Mass of excavator is about 23 metric tons, engine output -
110 kW, boom length without excessive load is 8 m, width of
drive chains 60 c¢m, hydraulic motor produces pressure of at
least 37 MPa at high flow hydraulic lines, maximum hydraulic
oil feed is at least 200 L min™. The excavator can reach 6 km h”
! speed, while its actual speed outside felling area is 2.3 km h™'.
Width of excavators with standard drive chains is 2.6 m. As for
New Holland excavator, only one hydraulic line provided
maximum pressure; therefore, the stump-splitting knife could
be used only on partial capacity (at 20 MPa pressure). Due to
this limitation, the excavator could not split larger stumps.

According to the working method, a stump extractor had to
lift all stumps with a diameter of more than 10 cm and less than
50 cm. If a diameter of stump was larger than 50 cm, the
operator had to decide whether it is more preferable to lift it or
leave it.

Data were processed using Microsoft Excel software — Data
Analysis, Descriptive Statistics.

JUN RESULTS AND DISCUSSION

Average share of extracted stump in ,,Rigas mezi” is 62%
of total extractable biomass of the measured stumps, and in
‘Latvijas Valsts Mezi’ is 85%. Time consumption for rotten
stump extraction in all cases is longer of 11% (Table 3) than an
undamaged stump extraction. This is due to the strength factors
that are lower for rotten wood. Therefore, under the tensile
force of such a process, the stump chosen for extraction is
broken into several parts, and the operator should to extract
every part of that stump separately, which requires extra time.
It is useful to have an additional soil preparation [15].

It is acquired during the analysis, when all process had been
broken down into work elements (Figure 1) (scarifying was
only on three object it is not included in the calculation), that it
is breakdown of productive time, most of the time is occupied
by stump extraction (30%), followed by stump harvester
driving through the felling area (20%), and stump splitting into
several parts (12% of the time).Depending on the available
crusher, wood stump shredding time can vary significantly.

TABLE IIL. HARVESTING PRODUCTIVITY OF SOUND STUMPS AND ROTTEN
STUMPS
Time consumption per .
Object extraction a stump, cmin P,"’"““',Ve
time, cmin
sound stumps rotten stumps

176-18 134 148 188
98-4 157 182 171
104-9 144 167 181
410-58-34 123 131 129
501-360-9 124 132 127

It is also influenced by the mineralogical particles
admixture, which is to be limited to 5% in Latvia. The size of
this indicator is connected also with boiler house type.

a1

dwng towertums  reschng  cwchng  puling  soiteng  shakng

droppng  scartymg other
operations

Figure 1. Share of work elements in the breakdown by objects.
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The analysis of work elements duration when broken down
them by stump size groups, there is a tendency that with
increasing stump size averages, rapidly increasing the time
spent for pulling it out of ground (Figure 2) has been observed.
Consequently, the adopted average stump size range, which is
worth for harvesting, has a direct correlation between time
spent and the attainable biomass [15]. Leaving at the felling
site stumps with diameters up to 10 cm and above 50 cm is a
good measure for the promotion of biodiversity. Comparison of
productivity of extraction of the stumps of different tree species
and dimensions shows that the MCR 500 (Figure 3) can easily
extract spruce stumps of any size and productivity constantly
increases with the size of stumps [15].

1200
1000 /
v:-t%saewn
200 e #hmen
c +/ ¢ 21.001e00542 .
£ w0 ares e
> e -
2 B A =
£ 0 = A Spruce
W, R=09103(5)
200 = i .
R=osa2(p) T

] 20 40 60 80

stump diameter,cm

Figure 2. Productivity of stump extraction depending on dimensions of
stumps.

Figure 3.  Stump extraction MCR 500.

When the correct stump extraction technology is used, it is
possible to achieve a greater benefit, that is to say,
simultaneously to pull out more as only one stump, if they are
situated very close to each other. Distribution of stumps
number within a working strip does not change significantly.
On average, it is one piece, because at final felling sites a tree
is usually not close to each other.

During this project the efforts to develop technological
tools for more efficient pulling stump out of the ground were
applied. Various techniques are applied, depending on the
stumps number at one spot. The first technology: extraction of
one single stump (Figure 4). In order to minimize the power
and energy used for stump pulling, at the beginning the thickest
lateral roots should be cut off (first 3). Only after that, the
pulling stump out of ground has been started (4).The second
technology—several stump simultaneous extraction (Figure 5).

Initially the thickest root (1) is to be cut off, then the roots,
which are located between the nearest stump and main stump
(2) are cut off. After that, the greater part of main stump is
pulled out (3), and then it is finished by the nearest stump
extracting (4). Using these technologies, mostly the smaller
stump already is be indirectly taken out along with the greatest
stump.

Figure 5. Large stamp splitting technology 2.

IV. CONCLUSIONS

1. A stump extraction is about 11 % faster than rotten
stump extraction. It is more appropriate to combine
the work with soil preparation in addition.

2. Conifer stump extraction is more efficient, because
duration of work time elements is less than it is in the
harvesting hardwood stumps.

3. Using the proposed technology it is possible to reduce
the time spent on a single stump extracting process.
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Celmu biokurinama resursu un to pieejamibas apskats
eglu audzés valsts mezos
Andis Lazdins '*, Valentins Lazdans ', Santa Kaléja °, Agris Zimelis *,
Uldis Prindulis !, Darta Klavina ?, Gatis Rozitis '

Lazdins, A.,Lazdans, V., Kalgja, S.,Zimelis, A.,Prindulis, U.,Klavina, D.,
Rozitis, G. (2014). Celmu biokurindma resursu un to pieejamibas ap-
skats eglu audzés valsts mezos. Mezzinatne 28(61): 166-179.

Kopsavilkums. Pétijumi, izmantojot MeZa statistiskds inventarizacijas (MSI) datus,
izvértéta par 20 cm resniku celmu sausas koksnes biomasa (turpmaik teksta — biomasa) eglu
audzés. Celmu pazemes dalu, lielo saknu (caurmérs lielaks par S cm) un siksaknu biomasa
noteikta, pielietojot Zviedrija izstradatus biomasas vienadojumus. Virszemes celmu dalas
biomasa noteikta, pienemot, ka celmu vidéjais augstums ir 30 cm, bet nosacitais egles kok-
snes blivums — 400 kg m™. Izstradei pieejamas biomasas aprékina pienemts, ka iegata celmu
un lielo saknu biomasa. Tehnologiskie zudumi — celmi uz kokmaterialu pievesanas celiem
un lapkoku celmi — piepemti ka 38 % no izstradei pieejamas celmu biomasas. Koku caur-
méra daljjuma modelé$anai izmantots beta sadalijums. Celmu izstrades iespéjas apré-
kinatas teritorijam, kas sasniegu$as galvenis cirtes vecumu (81 gadu) vai ari gadijuma,
ja valdaudzes koku caurmeérs atbilst nosacijumiem par minimalo koku caurméru kail-
cirtes veik$anai. Aprékinos pienemts, ka celmu ieguvei pieejami visi meza tipi, iznemot
grini, purvaju, virSu areni un virSu kadreni. No resursu aprékina izslégtas tas teritorijas,
kuras noteikts Kkailcirtes aizliegums. Izmaksu aprékini veikti atbilstosi LVMI Silava
pétijumu rezultatiem par celmu izstrades darba razigumu un izmaksam, stradajot ar
MCR-500 celmu ravéju, aprékina ieklaujot ari augsnes sagatavosanai patéréjamo laiku.

Par 20 cm resnaku celmu un saknu tehnologiski pieejama biomasa, péc kailcirtes
un meZa tipa kritérija pieejamajas eglu audzés, ir 48 tonnasha™'. Lielaka tehnologiski
pieejama celmu biomasa ir par 100 gadiem vecakas eglu audzés.

Tehnologiski iegistama par 20 cm resndku celmu un saknu biomasa izstradei pieme-
rotas platibas ir 3213 takst. tonnas. Tehnologiski pieejama biomasa parsvara koncentréta
61-80 gadus vecas eglu audzés.

Nozimigakie vardi: celmi, biokurinamais, resursi.

! LVMI Silava, Rigas iela 111, Salaspils, LV-2169, Latvija; * e-pasts: andis.lazdins@silava.lv
* SIA “Meza nozares kompetences centrs”, Dzérbenes iela 27, Riga, LV-1006, Latvija
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Lazdins, A.**, Lazdans, V.3, Kaleja, S.*, Zimelis, A. 3, Prindulis, U.3, Klaviga, D.*
Rozitis, G. *> Evaluation of resources and accessibility of stump biomass in spruce stands
in state forests.

Abstract. The first scientific studies on stump extraction and forest regeneration
after stump harvesting in Latvia are dated with the first half of 19th century (Bode, 1840).
When Latvia became independent in the beginning of 20th century the issues related
energy self-sufficiency came to the research agenda and scientists turned to stumps as an
alternative source of biomass. Just like nowadays, two opposite opinions on stump extraction
are proposed nearly 100 years ago; for instance, O. Ceichners in 1929 argued that stump
extraction using explosives provoke erosion and leaching of nutrients from soil. He recommen-
ded to forbid stump extraction in Latvia (Ceichners, 1929). At the same time this researcher
and some of his colleges approved that stump extraction promotes natural regeneration of
pine stands and has no negative impact on next generation of trees (Vasilevskis, 2007).
K. Lange was one of the most active advocates of stump harvesting. He argued that leaving
of stumps for decay in felling sites in less forested areas in is wrong management approach
and recommended to use stumps for biofuel production (Lange, 1925). Latvia produced
annually 7-30 thousands of m3 of firewood from stumps before the World War II. It
was recommended by the State forest service in 1939 to use for stump extraction all clear-fel-
ling sites. At that time stumps were extracted using explosives or special heavers. The produc-
tivity norm for stump extraction was 2-2.5 stacks or 1.6-2 m? per day (Vasilevskis, 2007).

When Latvia became independent again 24 years ago, stumps did not appeared
in projections of heat and power producers for a longer time because other, considerably
cheaper sources of biomass (firewood, harvesting and wood processing residues) were
available, but increase of demand and price of biofuel changed the situation and production
of biofuel from stumps started again (Lazding, 2006). The studies on stump extraction in
clear-felling sites were implemented in 2006 in cooperation with the Forest Research
Institute of Sweden Skogforsk. Productivity of stump extraction in these studies was
10.4 m® per hour, respectively, about 40 times higher than 60 years ago (Lazdins & Thor, 2009).

According to earlier studies on application of the sustainability criteria proposed in
the Renewable energy resource directive to solid biomass, the annual stump extraction potential
in Latvia is 1.6 million tonnes annually, including 1.0 million tonnes of technologically
accessible biomass, if the felling stock remains in a level of 2008. The total area accessible
annually for stump extraction is 35.8 thousands ha (Adamoviés et al., 2009).

The scope of the study is to evaluate biomass (dry mass) of stumps with diameter above
20 cm in spruce stands in Latvian state forests on the base of the National forest inventory
(NFI) data. Biomass of below-ground part of stumps, coarse roots (diameter above S cm)

3 Latvian State Forest Research Institute “Silava”, 111 Riga str., Salaspils, LV-2169, Latvia;

* e-mail: andis.]lazdins@silava.lv

* Forest Sector Competence Center, Ltd., 27 Dzerbenes str., Riga, LV-1006, Latvia
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and fine roots is determined using allometric biomass equations elaborated in Sweden.
Above-ground biomass of stumps is estimated considering that trees are cut down at 30 cm
height above ground level and density of wood is 400 kg m~. The proportion of the biomass
available for extraction is determined assuming that only stumps and coarse roots will
be extracted. Technological losses — stumps on strip-roads and deciduous tree stumps
are assumed to be 38 % from technically available resources. The diameter distribution of
trees is modeled using beta distribution function published in Sweden for modeling of dia-
meter distribution in commercial thinning and final felling. Stump extraction is considered
in spruce stands that already reached final felling age (81 years) or diameter of the average
tree in a stand is above threshold value for final felling in spruce stands. It is assumed in
calculation that all forest types are accessible for stump extraction, excluding Callunoso-
sphagnosa, Sphagnosa, Callunosa mel. and Callunosa turf. mel., where diameter of trees in the
final felling age is generally below reasonable threshold for stump extraction (20 cm). It is
also considered that stump extraction will not be implemented in areas, where clear-felling
is forbidden. Cost calculation of stump extraction is done according to earlier study in
LSFRI Silava on productivity of stump extraction with MCR-500 bucket, including time
consumption for additional soil scarification (mounding). The methodology for calcula-
tion of stump biomass was elaborated within the scope of the “BalBiC — The Development of
the Bioenergy and Industrial Charcoal (Biocoal) Production” project.

According to the study results average technologically available biomass of stumps
with diameter above 20 cm in the forest stands accessible for final felling according to age
or diameter criteria is 48 tonnes ha™. The highest yields can be obtained in stands older
than 100 years. Total technologically accessible biomass of stumps with diameter above
20 cm in spruce stands in Latvian state forests is 3.2 million tonnes. The technologically
accessible biomass is mostly concentrated in 61-80 years old spruce stands. According
to current status of the spruce stands in the NFI stump extraction is possible right now
in 26 % of all spruce stands on naturally dry and drained forest stand types in state forests
of Latvian. Forwarding distance is not limiting factor for extraction of stump biomass — 90 %
of all technologically accessible resources are located in 400 m distance from the nearest road.

Average cost of stump extraction, processing and delivery is 2630 EUR ha
(9.1 EURLV m™); respectively, stump extraction might be feasible, if the price of biofuel
is above 9.1 EUR ha™'. Additional non-accounted benefit of stump extraction is reduction
of cost of soil preparation before forest regeneration (about 120 EUR ha™'); however, these
expenses are relatively small in comparison to the whole stump extraction and biofuel
production cost.

The study is implemented within the scope of the National forest competence centre
research program project No. L-KC-11-0004.

Key words: stumps, biofuel, resources.
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Aasppiabmy, A. %%, Aaspanc, B.°,  Kaaes, C.¢,  3umeanc, A.°, Ilpunayauc, V.3,
Kassuns, A. ¢, Posuruc, I. ° O630p 6MOTONANBHBIX PeCYypCOB IHEN H MX AOCTYNHOCTH B
€AOBBIX HACAKACHHIX FOCYAAPCTBEHHDIX A€COB.

Pe3mMe. B AQHHOM HCCACAOBAHHH, I/ICHOAI)3Y5[ AQHHbBI€ HAIJMUOHAABHOI'O A€CHOTIO
monutopusra (MSI), ouenena 6uomacca nHeit ¢ Auamerpom 6osee 20 CM B €ABHHKAX, CO3-
peBIIMX AASL TAaBHO# py6xu. Bromacca mmeit, kpymubix (AnamerpoM 6oaee S cM) B MeAKHX
KOPHEN OIpeAeA€H ¢ IPUMEeHEeHHeM ypaBHeHuI, paspaborannsix B [IIBenun. Bruomacca Ha-
3eMHOI YaCTU IIHEN OIPEeAEA€HA AOIYCKasl, YTO CPEAHSSI BBICOTA IHs cocraBaseT 30 cM, a
YCAOBHasl [IAOTHOCTb ApeBecuHbI eAr — 400 kr M~ Pacuér AOCTymHOI AAsL BBIPabOTKU Ape-
BECHON OMOMACCHI IIPEAIIOAATAET, YTO TEXHOAOTMYECKU IIOAyYeHa APEBECHHA IIHeHl U KPYII-
HBIX KOpHei. IIpUHATO, YTO TEXHOAOTMUYECKUe MOTePH - IHHU Ha TPAHCIOPTHBIX AOPOTax M
[IHH AMCTBEHHBIX IIOPOA — B o0meM o6béMe cocraBaser 38 % oT obmeit Aocsiraemoit 6uo-
Macchbl. AASL MOAGAMPOBAHUSI PACIIPEACACHUS AEPEBbEB [0 AMAMETPY [PUMEHEHO ypaBHeHUe
GeTa-peAeHHs. BO3MOXKXHOCTH BHIpaGOTKHY ITHEN BEIYMCACHBI, UMesI BBHAY A€Ca AOCTHTLINE BO3-
pact raaBHO# py6xu (81 rop) HAM B TeX CAYYasX, KOTAA AHAMETD A€pPeBbeB AOCTHT MUHHMAAD-
HYIO BEAUYUHY AASI IPOBEAECHMS CIAOIIHON PyOKH. B pacuérax IpeATIOAOXKEHO, 9TO IIOAXO-
ASLIAME AASL BBIPAOOTKY IIHEH SBASIOTCS BCe TUIIBI A€Ca, KPOME TeX, KOTOPbIe IIPOU3PACTAIOT
Ha caMbIX OeAHBIX IOYBaxX. 113 pacyéTOB HMCKAIOYEHBI TEPPUTOPUM, TA€ CIAOLIHBIE PYOKH
3ampenjeHsl. PacyéTpl pacXoAOB OBIAU IIPOBEAEHBI B COOTBETCTBUH C PE3YABTATAMH HCCAEAO-
Banuit (ATHA SILAVA) o mpou3BOAHTEABHOCTH M CTOMMOCTU PaboT, CBA3aHHBIX C KOpYe-
BanueM mHeil (ucroabsys MCR-500), B TOM 4McAe ¥ C 3aTpaTaMu Ha 3arOTOBKY IOYBBI AAS
IIOCAEAYIOLIEr0 BOCCTAHOBAEHHUS A€Ca.

TexHudyeckn AOCTymHast 6uoMacca IHei, ¢ AnaMeTpoM 6oaee 20 CM AOCTYIHBIX AAS
BBIPAaGOTKM B €AOBBIX A€CaX IIOCA€ CIIAOLIHBIX Py6ok B cpepaHeM cocTaBasieT 48 Tra™. Boaee
3HAYUTEAbHbIE PeCYPCbl GMOMACChl B OCHOBHOM COCPEAOTOYEHBI B A€CaX, KOTOpble IIPEeBbI-
cuan 100-AeTHUI BO3pacT.

TexHOAOTMYECKU AOCTyIHAsl 6MoMacca IHell ¢ AuameTpoM Goaee 20 CM B €AOBBIX
AecaxX, MOAXOASIIMX AASL IPOBEAEHHUS CIAOIIHBIX py60K, B cpepHeM cocTaBasieT 3213 ToHH.
BOABIIMHCTBO TEXHOAOTUYECKH AOCTYIHOM GHOMACCH COCPEAOTOYEHA IPEUMYIIeCTBEHHO B
eAbHHKaX, AOCTHrmux 61-80-AeTHero Bo3pacra.

HVccaepoBaHMe OCYIIECTBACHO B paMKax IpoekTa HalmoHaAbHOTO LjeHTpa KOMIETeH-
mu AecHOM orpacan No. L-KC-11-0004.

Katouesvie cro8a: HYI, GUOTONAKBO, PeCypCHL.

S ATUA «Cuaasas, ya. Purac 111, Caaacriuac, LV-2169, Aarsus; * 2a. noura: andis.Jazdins@silava.lv

¢ 000 «Meza nozares kompetences centrs>, ya. Asep6enec 27, Pura, LV-1006, Aarsus
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Ievads

Pirmie zinatniskie pétijumi par cel-
mu izmanto$anu biokurinama sagatavo$anai
un par celmu izstrades ietekmi uz meza
atjauno$anos Latvija veikti 19.gadsimta
pirmaja pusé (Bode, 1840). Péc neatkaribas
atga$anas 20. gadsimta sakuma aktualizéjas
energoresursu pieejamibas jautdjumi, un
mezsaimnieki atgriezas pie celmu izstrades
problémam. Tapat ka tagad, ari agrak pasta-
véja pretéji viedokli; pieméram, O. Ceich-
ners uzskatija, ka celmu spridzinasana sekmé
baribas vielu izskalo$anos un augsnes ero-
ziju, tapéc ieteica celmu izstradi neveikt
(Ceichners, 1929). Taja pat laika vin$ un
citi pétnieki atzina, ka celmu izstrade sekmé
dabisko
nerada negativu ietekmi uz nakamas aprites
kokiem (Vasilevskis, 2007). K.Lange bija
viens no aktivakajiem celmu izmanto$anas

atjauno$anos priezu mezos un

aizstavjiem un uzskatija celmu atsta$anu
cirsmas satradé$anai mazmezainos rajonos
par nepareizu (Lange, 1925). Pirms 2. pa-
saules kara, neatkarigaja Latvija, gada laika
sagatavoja 7-30 tiukst. m* celmu malkas ga-
da. Celmu malkas sagatavo$anai 1939. gada
ieteica izmantot visas kailcirtes. Taja laika
celmus apstradaja ar spridzinaganas metodi
vai, izmantojot $im nolikam konstruétas
sviras. Vidéja celmu izstrades norma bija
2-2,5 steri vai 1,6-2m? diena (Vasilevskis,
2007).

Péc neatkaribas atgas$anas celmu kok-
sne ilgsto$i nenonaca siltuma un elektro-
energijas razotaju intere$u loka, jo bija
pieejami létiki koksnes resursi (malka,
kokapstrades un mezizstrades atliekas), tacu,
pieaugot pieprasijumam un palielinoties
kurinama cenai, celmu koksnes ieguve ats-

akas (Lazding, 2006). Pétijumi par celmu
izstrades iespéjam kailcirtés veikti 2006. ga-
da sadarbiba ar Zviedrijas meZzinatnes insti-
tatu Skogforsk. Pétijuma konstatétais celmu
darba 10,4 m3
stunda - attiecigi 40 reizes lielaks neka pirms
60 gadiem (Lazding, Thor, 2009).

Saskapi ar iepriek$ veikto pétijumu

izstrades razigums

bija

rezultatiem teorétiskais ikgadéjais celmu ku-
rinima potencials Latvija ir 1606,6 takst.
tonnu taja skaita 958,3 takst. tonnas pie-
ejamas tehnologiski. Izpétes projektd, kura
noveértéti atjaunojamo energoresursu direk-
tiva definétajiem ilgtspéjibas kritérijiem at-
bilstos$ie meZa biokurinima resursi, kon-
statéts, ka, mezZizstrades apjomam sagla-
bajoties 2008. gada limeni, katru gadu celmu
ieguvi var veikt lidz 35,8 takst.ha liela
platiba (Adamoviés et al., 2009).

Materials un metodes

Aprékinu  metodika balstita uz
pétijumu projekta “BalBiC - The Develop-
ment of the Bioenergy and Industrial Charcoal
(Biocoal) Production” ietvaros izstradatajiem
vienadojumiem (Lazdins et al., 2012a). Apreé-
kinos izmantoti MSI kopsavilkuma atsevis-
ku parauglaukumu vai to sektoru dati. Meto-
dika attiecas uz koku cir§anu meza zemsés,
kas atbilst MSI mezaudzes klasifikatoram
(10. kods).

Veicot resursu aprékinus, vispirms
mezaudzes atlasitas péc aizsardzibas
pazimém - parauglaukumiem, kas atrodas
teritorijas, kur aizliegta galvena un kopsanas
cirte, atziméjot, ka $ie resursi tehnologiski
nav pieejami; attiecigi celmu biokurinama
resursi izskaitloti tikai tam audzém, kuras
atlauta kailcirte.
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Kailcirtes ~ veik$anai ~ pieméroto
mezaudzu identificé$anai sikotnéji veikta
atlase péc vecuma - atlasiti parauglaukumi,
kur valdo$as sugas vecums ir lielaks vai
vienads par galvenas cirtes vecumu attiecigajai
sugai, atziméjot, ka tajos atlauta izstrade
kailcirté. Papildu atlase veikta péc caur-
méra — parauglaukumos, kuros valdosas sugas
caurmérs ir vienads vai lielaks par galvenas
cirtes caurméru (Ministru Kabinets, 2012),
atziméjot, ka tajos atlauta izstrade kailcirté.
Péc tam papildu atlase veikta arl sanitarajai
cirtei ~ piemérotas audzés -  atlasot
parauglaukumus, kuru valdaudzes $kérs-
laukums ir mazaks par kritisko (Ministru
Kabinets, 2012).

Péc darba

novértéjums, atlasot parauglaukumus, kur

tam veikts apstaklu

izstrade iespéjama tikai ziema (slapjaini un
kidreni, 1. tab.).

Péc izstradei pieméroto audzu atlases
(dazada

caurméra koku skaitam), izmantojot beta

aprékinats caurméra sadalijums

sadalijuma vienadojumu (1. formula).

By = X" (1-X)"" - d - x m, n>0

(1)
Minimalais caurmérs ir a=0,4-d,
bet maksimalais — b= 1,7 - d, kur d ir audzes
1,3m
Minimalajam (a) un maksimalajam (b) caur-
méram jabit 6-60 cm (Arlinger, 1997). Ne-
mot véra, ka praksé tas ne vienmeér iesp&jams,

vidéja koka caurmérs augstuma.

ierobezojums ignoréts, bet caurméra pakapes
aprékinatas no 8 lidz 64 cm ar soli 2 cm,
attiecigi, ja $aja diapazona ieklaujas tikai dala
audzes koku, paréjiem vidéjais caurmérs un
paréjie dendrometriskie raditaji iegati péc

1. tabula, Table 1

Darba apstaklu novértéjums*

Evaluation of work conditions*

Edafiska rinda Meza tips Celmu raus$ana péc kailcirtes
Growth conditions Forest stand type Stump extraction after clearfelling
Sausieni Meétrajs (Vacciniosa) visu gadu (all seasons)
Dry mineral soils Lans (Myrtillosa) visu gadu (all seasons)

Damaksnis (Hylocomiosa)

visu gadu (all seasons)

Veris (Oxalidosa)

visu gadu (all seasons)

Garsa (Aegipodiosa) visu gadu (all seasons)
Slapjaini Slapjais damaksnis (Myrtillosa-sphagﬂosa) ziema (winter)
Wet mineral soils Slapjais véris (Myrtillosoi-polytrichosa) ziema (winter)

Slapja garga (Drypteriosa) ziema (winter)
Areni Niedrajs (Caricoso-phragmitosa) visu gadu (all seasons)

Drained mineral soils

Dumbrajs (Dryopterioso-caricosa)

visu gadu (all seasons)

Liekna (Filipendulosa)

visu gadu (all seasons)

Purvaini Meétru arenis (Vacciniosa mel.)

ziema (winter)

Wet organic soils

Saurlapju arenis (Myrtillosa mel.)

ziema (winter)

Platlapju arenis (Mercurialosa mel.)

ziema (winter)

Kuadreni

Matru kitdrenis (Vacciniosa turf. mel.)

ziema (winter)

Drained organic soils

Saurlapju kadrenis (Myrtillosa turf. mel.)

ziema (winter)

Platlapju kiidrenis (Oxalidosa turf. mel.)

ziema (winter)

*

visu gadu” — celmu izstrade iesp&jama visu gadu; “ziemad” - celmu izstrade veicama péc augsnes

sasal$anas / “all seasons” — stump extraction possible all over the years, “winter” — stump extraction possible on

frozen soil.
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caurméra sadalijjuma aprékinasanas tiem
kokiem, kas ieklaujas sadalijuma. Koeficients
m izskait]ots ar 2. vienadojumu. Koeficients n
visam sugam aprékinats ar 3. vienadojumu:

m=0,3+0,08-(d-6) (2)
n=m- %—1) (3)

Koku skaits katra caurméra pakapé ir
proporcionals vértibai 4. vienadojuma:
n=(x-a)"'. (b-x)", kur 4)
x —audzes vid&ja koka caurmérs, cm.

Saskana ar Somija un Latvija veikto pé-
tijumu rezultatiem, nav lietderiga par 20 cm
tievaku celmu izstrade (Kirhi, 2012; Lazding
et al, 2012b; Lazdin§ & Zimelis, 2012a),
tapéc no caurmeéra sadalijuma atlasiti koki,
kas 1,3 m augstuma ir vismaz 16 cm resni, no-
sakot to skaitu un vidéja koka caurmeéru.
Caurmeéra atlases kritérijs izraudzits atbilstosi
nepublicétiem Meza nozares kompetences
centra pétijumu datiem par sakaribu starp
caurméru 1,3 m augstuma un pie zemes
virsmas (1 % no koka augstuma), ko raksturo
linearas regresijas vienadojums (S. formula):
Dy=1,17-D,;+ 1,67, kur (5)
D, —koka caurmérs pie zemes virsmas (1 %
no koka augstuma), cm;
D, ; —koka caurmérs 1,3 m augstuma, cm.

Celmu un pazemes biomasa aprékina-
ta 4 frakcijaim - celma pazemes dalai (6. vie-
(7. vie-
nidojums), smalkajam sakném (8. viena-

nidojums), rupjajaim  sakném
dojums) un celma virszemes dalai (9. viena-

dojums). Celma caurméra aprékiniem

izmantots 10. vienadojums: vidéja celma
augstums piepemts par 30 cm, atbilstosi
agrak veikto pétijumu datiem (Zimelis et al.,

2013). Vienidojumi celma pazemes dalas

un saknpu biomasas aprékiniem aizgati no
Zviedrija veiktajiem pétijjumiem (Marklund,
1988), savukart celma caurméra un virszemes
dalas biomasa aprékinita atbilstosi Latvija
aprobétai metodikai (Lazdin$ & Von Hofsten,
2009; Lazdin$ & Zimelis, 2012b).

_ _ . Dz 7.
Beim = exp|—3,36+10,67 W} n,kur (6)

B, i — celmu pazemes dalas biomasa, kg ha™;
D, ; — vismaz 20 cm resnu koku vidéjais
caurmers, cm;

n — vismaz 20 cm resnu koku skaits gab. ha™.

Dy

D1,3+8] - n,kur (7)

Biaissaines= €XP {—6,39+ 13,37 -

Biatstsatnes — balstsaknu biomasa, kg ha™.

D } - n,kur (8)

Buatnss = €Xp|-2,5706+7,63 - D%

Bgumes—parS cmtievakosaknubiomasa,kg ha™.
Dy
Bcelmu augsdala = % *T - 0;3 n- 394, kur (9)

B.oiyia augsaaa — celma virszemes dalas biomasa,
kg ha™';

D, - celma caurmeérs, cm;

394 —nosacitais koksnes blivums, kg m=.
Dy =1,35135- D, - 0,9459 (10)

Resursu pieejamibas noveértésanai
noskirti potencialie, tehniski un tehnologiski
pieejamie resursi:

« potenciilie resursi — visi celmi un saknes,
kas iegustamas atcelmosanai piemérotas
platibas,

« tehniski pieejamie resursi — celmu virs-
zemes un pazemes dalas, ki ari lielo saknu
biomasa,

o tehnologiski pieejamie resursi — celmi un
lielas saknes, atskaitot razo$anas zudumus
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(38 % celmu un lielo saknu biomasas).
Metzos, kas aug slapjas un susinatas
augsnés, tehnologiski pieejamos resursus
paredzéts iegut tikai ziemas apstaklos, attie-
cigi celmu biokurinamais dalams 2 grupas -
resursi, kas pieejami tikai ziema un neatka-

rigi no sezonas. Celmu biokurinama
energétiska vértiba piepemta 5,3 MWht"
(Phyllis2, 2008).

PieveSanas attiluma modeléanai

ar programmu QGIS aprékinats attalums
no katra MSI parauglaukuma centra lidz
tuvakajam celmu izve$anai piemérotajam
celam.

Celmu skeldu cena, aprékinot ieneé-
mumus, pienemta 10 EURber.m™, parré-
kinu koeficients no sausnas tonnam
(biomasas) uz berkubikmetriem - 6, t.i.
1 tonna = 6 ber. m* (Lazdin$ et al, 2012b;
Lazding & Zimelis, 2012a). Celmu biokuri-

nama pa$izmaksa aprékinata ar pakapes vie-

Slapjaini
Mineral wet soil
10%

Sausieni
Mineral dry soil
42%

Purvaini

Organic wet soil
2%
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Organic drained soil

nadojumu (11. formula), kas izstradats Lat-
vija veiktajos pétijumos (Lazding, 2012).
Biokurinama pasizmaksa,

EUR ber. m™ = 14,882 - B, %L kur  (11)
B, - tehnologiski pieejama celma un saknu
biomasa, kg.

Rezultats un diskusija
Saskana ar aprékinu rezultatiem, cel-
mu izstradi valsts mezos var veikt 26 % eglu
audzu (7S tikst. ha). Tehnologiski pieejama
atbilst 16807 GWh  primaras
energijas. Tehnologiski pieejama biomasa

biomasa

ir 50 % no kopéjas celmu biomasas izstradei
piemeérotajas eglu audzés.

Lielaka dala tehnologiski pieejamas
celmu biomasas koncentréta sausienos, are-
nos un kiidrenos (1. att.), kur darba apstakli
celmu izstradei ir optimali, ti. tehnikas
parvietosanas nav apgritinata un saknes sau-
sa laika viegli atdalamas no augsnes.

Areni
Mineral drained soils
31%
1. attéls. Tehnologiski
o pieejamas celmu
Kuadreni

biomasas sadalijums
15% péc meza tipu
edafiskajam rindam.
Figure 1. Distribution of
accessible stump biomass

by growth conditions.
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ieteikts
izmantot vismaz 20 cm resnus celmus (Kir-
hi, 2012; Lazdins, 2012), jo, raujot mazakus
butiski

biokurinama pasizmaksa. Vidéjais koku skaita

Biokurinama sagatavosanai

celmus, palielinas  sagatavota
sadalijums caurméra pakipés (D,;) celmu
izstradei piemérotajas eglu audzés valsts
mezos paradits 2. attéla. Salidzinosi visvairak
ir 30-36 cm resnu koku celmu; valsts mezos
eglu audzés ir arl daudz par 50 cm resniku
eglu celmu, kuru izstrade ir ekonomiski
izdevigika, tacu tad nepiecie$§ama ari smagaka
un jaudigaka tehnika.

Vidéja celma un saknu biomasa,
saskapa ar aprékinu rezultatiem, ir 224 kg,
vidéja celmu un pazemes biomasa — 95 t ha™
(2. tab.). Vidgjais attilums no atcelmosanai
piemérotajam platibam lidz tuvakajam celam
ir 303 m, butiski lielaks tas ir kadrenos un

slapjainos, vismazakais — arenos (3. tab.).

Vidéja, par 20 cm resnidku celmu un
saknu biomasa eglu audzés valsts mezos
ir 9Stha™'; tehniski pieejama biomasa -
78 tha™, bet tehnologiski pieejama bioma-
sa — 48 t ha™'. Lielaka tehnologiski pieejama
celmu kraja ir par 100 gadiem vecakas eglu
audzés (4. tab.). Liela celmu kraja 41-60 ga-
dus vecas audzés uzskataima par nejausy,
jo $aja vecuma desmitgadé celmu izstradei
pieméroto platibu atlases kritérijiem atbilst
tikai 15 MSI parauglaukumi.

Kopéja, par 20 cm resniku celmu
biomasa izstradei piemérotas platibas ir
6,3 milj. t, izstradei pieejama biomasa -
5,2 milj. t, tehnologiski iegiistama biomasa
3,2milj.t (S.tab.). Tehnologiski pieejama
biomasa parsvara koncentréta 61-80 gadu
vecas eglu audzés. Lielais biomasas uzkra-

7%

6%

5%

4%

3%

2%

1%

0%

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64

Diametrs 1,3 m augstuma, cm

Diameter at 1,3 m height, cm

2. attéls. Koku skaita sadalijums caurméra pakapés kailcirtei piemérotajas mezaudzeés.

Figure 2. Distribution of trees by diameter in spruce stands suitable for stump extraction.
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2. tabula, Table 2

Celmu biomasa atcelmosanai piemérotajas eglu audzés

Biomass of stumps in spruce stands suitable for stump extraction

Potencialie resursi
Potential resources
celma vidéja
. rupjas _ | virszemes | celma
Edafiska rinda celms, saknes, sr:lgrllkas dala, tha” | biomasa, Kkob3 kopa,
Growth conditions tha'! that st h s, above- kg " Ep & tikst. t
a a
stump, coarse ground average 1 total,
tha roots, f ”teh’;’_",“' part of stump B thsd. t
tha! stump, biomass,
tha! kg
Areni
H . . 28 S1 20 12 111 216 1975
Drained mineral soils
Kadrepi 25 47 19 11 102 207 952
Drained organic soils
Purvaini =~ 16 2 14 7 69 184 118
Wet organic soils
Sausiepi 23 41 16 10 89 247 2701
Dry mineral soils
Slapjaini
Wet mineral soils 19 35 15 8 77 198 617
Visi meza tipi
All conditions 24 44 17 10 95 224 6363

3. tabula, Table 3

Celmu izstradei pieméroto audzu platiba un attalums no izve$anai piemérota cela

sadalljuma pa meZa augganas apstakliem

Distribution of spruce stands suitable for extraction of stumps and roots by growth conditions

and average forwarding distances

Edafiska rinda Platiba, takst. ha Attalums lidz celam, m
Growth conditions Area, thsd. ha Distance to road, m

grrfl?rlted mineral soils 19,44 274
g?tfil;leer’:iiorganic soils 10,88 362
I;lzl;‘,oa;;ainic soils 2,20 254
ls)i'l}llsi:?nieml soils 33,81 295
Tsfllfaefj:tiiziml soils 8,64 355

Al condiions 7497 303
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jums par 151 gadu vecakas eglu audzés
(5. tab.) skaidrojams ar to, ka $aja kategorija
ieklautas visas par 151 gadu vecakas audzes,
tadé] iegutais rezultats neraksturo attieciga
vecuma desmitgadi. Pétijumi noskaidrots,
ka liels biomasas potencidls ir paraugusas
eglu audzés, un, planojot izstrades tehnikas
iegadi, jarékinas, ka daudzas cirsmas bus
izstradajami par SO0 cm resnaki celmi, kas
prasis ipasi izturigu un jaudigu tehniku. Vai-
rak neka 50 % no tehnologiski pieejamajiem
celmu resursiem izvietoti lidz 300 m attdluma
no izve$anai piemérotiem celiem, vél 40 %

izvietoti lidz 400 m attaluma no celiem.
Vidéja celmu $keldu pasizmaksa, taja
skaita pieve$anai, smalcina$anai un piegadei
patérétas izmaksas, saskana ar aprékinu
rezultatiem, ir 9,1 EUR ber. m™3; izmaksas
mazakas ir vecakas audzés, kur izstradagjamo
celmu dimensijas ir lielakas. Vidéjas celmu
izstrades un biokurinami sagatavosanas
izmaksas ir 2630 EURha™, taja skaita ari
augsnes sagatavoSanai meZa atjaunoSanas
veiksanai. Kopéjas izmaksas visu tehnologis-
ki pieejamo celmu izstradei ir 160 milj. EUR,
prognozéjamie ienémumi — 174 milj. EUR.

4. tabula, Table 4

Vidéja — par 20 cm resnaku celmu — biomasa eglu audzés dazadas vecuma desmitgadeés

Average biomass of stumps with diameter of more than 20 cm in spruce stands

representing different age classes

Total biomass, t ha™'

Raditajs 4 s |6 | 7|8 |9 |10]|11|12]13]|14]15+
Characteristic

m

Kopéja biomasa, t ha 70 | 134 | 82 73 | 110 | 85 87 89 99 | 117 | 107 | 110

Pieejama biomasa, t ha™

Available biomass, t ha™ S7 109 | 66 60

88 69 71 74 82 99 91 93

Tehnologiski iegiistama
biomasa, t ha™ 36 67 41 37
Accessible biomass, t ha™!

SS 43 44 46 S1 61 57 S8

S. tabula, Table S

Kopéja - par 20 cm resnaku celmu — biomasa eglu audzés dazadas vecuma desmitgadés

Total biomass of stumps with diameter of more than 20 cm in spruce stands

representing different age classes

Raditajs

Characteristic B g e v

8 9 10 11 12 13 14 | 15+

Kopéja biomasa, takst. t

Total biomass, thsd. t 63 | 437

713 | 797

1278 | 687 | 661 | 339 | 347 | 248 | 131 | 662

Pieejama biomasa, takst. t

Available biomass, thsd. t 2| 353

574 | 648

1019 | 556 | 536 | 280 | 288 | 209 | 110

Tehnologiski iegiistama
biomasa, tukst. t 32
Accessible biomass, thsd. t

219 | 356 | 402

632 | 345 | 333 | 173 | 179 | 129 | 68 | 346
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Prognozéjamie ienémumi visas vecuma
desmitgadés parsniedz izmaksas, ja tirgus
cena $keldai ir 10 EUR ber. m>. Ietaupijumi
uz augsnes sagatavo$anas rékina, veicot
celmu izstradi visas tam piemérotajas eg-
lu audzés, ir aptuveni 10 milj. EUR, ja aug-
snes sagatavo$ana ar disku arklu izmaksa
115 EUR ha™.

Saskana ar Valsts meza dienesta datiem,
pédéjos S gados valsts mezos vidéji izstra-

dati 2,66 tukst. ha eglu audzu. Pienemot, ka

valsts mezu kailcirtés izstrada galvenokart 8.,
9. un 10.vecuma desmitgades eglu audzes,
vidéji no 1 ha iegastamas 44 t celmu. Attie-
cigi, no visam Kkailcirté izstradatajam eglu
audzém vidéji gada iegustamas 117 takst. t
(700 takst. ber. m*) celmu biokurinama. Pa-
pildus iepémumi no celmu $keldu rea-
lizacijas, atbilsto$i pétijjuma izmantotajiem
pienémumiem par $keldu cenu, ir aptuveni
7 milj. EUR gada.

6. tabula, Table 6

Celmu izstrades izmaksu un ienémumu izvértéjums

Evaluation of cost and income of stump extraction

Razo$anas 053 552 S
izmaksas Razo$anas Razo$anas Prognozéjamie
Vecuma EUR ber n’l 3 izmaksas, izmaksas, ienémumi,
desmitgade o EURha*! takst. EUR tikst. EUR
Production cost per ) ;
Age decade Ioose volume 3 Production cost, Production cost, Income forescast,
EUR ’ EUR ha* thsd. EUR thsd. EUR

4 9,3 2453 1419 1566

S 9,4 3973 12 906 13 887

6 9,3 2431 19 587 21013

7 91 2156 22703 24 667

8 9,6 2446 27051 28723

9 9,3 2271 15 646 16 761

10 91 2693 15623 16 940

11 9,0 2670 8 886 9919

12 9,0 2819 9961 11160

13 8,9 3406 6 663 7 583

14 8,7 2961 3396 3873

15 8,9 3049 15980 18220
Visas vecuma
desmitgadeés 9,1 2630 159 819 174311

All age decades
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Secinajumi

1. Eglu audzu kailcirtés valsts meZos tehnologiski pieejama par 20 cm resnaku celmu un
saknu koksnes biomasa vidéji ir 48 tha™, bet kopéja tehnologiski iegistama celmu un
saknu biomasa izstradei piemérotajas platibas ir 3213 takst. t.

2. Celmu izstradei valsts mezos tehnologiski pieejami 26 % no visam eglu audzém sausienu,
arenu un kadrenu meza tipos.

3. PieveSanas attalums nav celmu izstradi limitéjoss faktors — 90 % no tehnologiski pieeja-
majiem celmu resursiem izvietoti lidz 400 m attdlumi no celmu izves$anai piemérotiem
celiem.

4. Celmu biokurinami sagatavo$anas un piegades vidéjas izmaksas ir 2630 EUR ha™
(9,1 EUR ber. m™?).

Pateiciba: pétijums veikts Meza nozares kompetences centra ERAF projekta “Metodes
un tehnologijas meza kapiltalvértibas palielinasanai” (ligums Nr. L-KC-11-0004) ietvaros.
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Abstract

The stump lifting trials were implemented in 5 forest compartments of the JSC ‘Latvia state forest’ Vidusdaugava,
Rietumvidzeme, Zemgale and Ziemelkurzeme forestries in autumn, 2012. Total extracted area was 3.5 ha, excluding
constrol. Two stump extraction buckets were compared in these trials — CBI (made in Canada) and MCR-500 (made
in Latvia). The scope of the study was to estimate if the prototype of the MCR-500 can compete with stump lifting
buckets having positive feedback from industry. Considering that the CBI head cannot prepare soil, this operation was
not done by the MCR-500 either. In total 1796 stumps were marked and their main parameters were taken in all trial
areas. Extracted biomass was estimated theoretically using biomass expansion factors elaborated in Nordic countries.
Allegro CX field computers with SDI software were used in time studies to obtain information about productivity and
distribution of productive time in a work cycle. The study demonstrated that productivity of stump extraction with

both stump lifting buckets did not differ significantly in 6 cases out of total 10 comparisons.
Key words: stump extraction, time study, biomass dry matter, productivity.

Introduction

First scientific studies about stump use for biofuel
and impact of stump extraction on forest regeneration
in Latvia dated back in late 19" century (Bode, 1840).
After Latvia gained sovereignty in the 20" century,
the issue about energy independence was outstanding;
thus, forest owners returned to stump extraction and
solution of the forest regeneration problems. Like
nowadays, opposite opinions were declared at that
time, for example, O. Ceichner believed that stump
harvesting is facilitating leaching of nutrients and
erosion of soil. He did not recommend to perform
stump extraction in state forests (Ceichners, 1929). At
the same time, he and other researchers agreed that
stump extraction is facilitating natural regeneration
of pine stands and does not affect trees of the next
generation (Vasilevskis, 2007) in any harmful way. K.
Lange was one of the most active advocates of stump
extraction. He believed that leaving of stumps in clear-
felling areas for decaying is wrong (Lange, 1925).
Before the World War Two, a production of firewood
from stumps reached 730 thousand m* annually. In
1939, the Forest Administration recommended to
utilize all clear-felling areas for stump extraction. At
that time the most conventional method for stump
extraction was blasting or mechanical extraction
using special devices. Average productivity of stump
extraction was 2...2.5 stacked m® or 1.6...2 m* per day
(Vasilevskis, 2007).

After retrieval of independence stump biomass
for long a time was out of the field of interests of
forest practitioners, because cheaper resources of
woody biomass (firewood, residues from sawmills
and harvesting) were available; however, with
an increase in demand and rise of firewood cost,
extraction of stumps were resumed (Lazdins, 2006).

In cooperation with the Forest Research Institute
of Sweden Skogforsk studies of productivity of
mechanized stump extraction in clear-felling areas
were implemented in 2006. A caterpillar excavator
with a specialized stump lifting bucket was used in
these studies. Average productivity of stump extraction
was 10.4 m’® per hour; respectively, it was 40 times
higher than 60 years ago (Lazdin$ and Thor, 2009);
however, these studies did not solve issues related to
the forest regeneration. According to research data,
stump extraction improves soil structure, lowers
density and improves aeration of soil, thus creating
favourable conditions for development of new trees.
Removal of rotten coniferous stumps from clear-
felling areas decreases the risk of getting infected
with root rot for trees of the next generation (Vasaitis
et al., 2008).

According to theoretical studies, the annual
potential of stump biomass in Latvia is 1607 thousand
tons, including 985 thousand tons that are available by
applying currently used technologies. With the amount
of harvesting remaining on average 10 million m?
per year the same as current clear-felling proportion,
stump extraction each year can be performed in 35.8
ha area. The average stump wood resources are 26.7
dry tons ha! (Adamovics et al., 2009).

During analysis of the stump biofuel production
technology, it was found out that the most effective
solution to decrease costs is soil preparation during
stump extraction and implementation of two-stage
stump crushing — first into large pieces (diameter
approx. 20 cm) at a log yard, at the same time
shaking off most of excessive soil, and then into
ordinary chips at a customer side. For the second stage
crushers with electric engines are more preferable
(Zimelis et al., 2012).
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Research goal: to compare the productivity of
a stump lifting bucket MCR-500 and CBI produced
bucket.
The main tasks:
1. Measure stumps and estimate stump biomass
stock in the experimental areas.
2. Perform time studies of stump extraction
processes.
3. Compare productivity of both stump lifting
devices.

Materials and Methods

Five experimental plots (Table 1) were
established in the JSC company ‘Latvijas Valsts
Mezi’ Rietumvidzeme, Ziemelkurzeme, Zemgale and
Vidusdaugava Forestry in clear-felling areas (former
spruce dominant forest stands of the same age and
density) considerably affected by root rot. Sample
plots were established in areas, where root rot was
found in at least 50% of stumps. The idea behind
establishment of the trials in diseased spruce stands
was to have sample plots, where distribution of root
rot after stump extraction can be compared with
traditional forest regeneration. About half of all stands
were left for traditional forest regeneration practices.
Area of each extracted sample plot was at least 0.5 ha,
excluding 10 m wide buffer zone.

The CBI bucket was mounted on a caterpillar
excavator Komatsu PC210LC and the MCR-500 — on
New Holland E215B excavator.

Mass of both excavators is about 23 tons, engine
output - 110 kW, boom length without excessive
load is 8 m, width of drive chains 60 cm, hydraulic
motor produces pressure of at least 37 MPa at high
flow hydraulic lines, maximum hydraulic oil feed is at
least 200 L min™'. The excavators can reach 6 km h’!
speed, while its actual speed outside felling area is
2.3 km h''. Width of excavators with standard drive
chains is 2.6 m. As for New Holland excavator, only one
hydraulic line provided maximum pressure;therefore,
the stump splitting knife could be used only on partial
capacity (at 20 MPa pressure). Due to this limitation,
the excavator could not split larger stumps.

According to the working method, a stump
extractor had to lift all stumps with a diameter of more

than 10 cm and less than 50 cm. If a diameter of stump
was larger than 50 cm, the operator had to decide
whether it is more preferable to lift it or leave it.
Taking into account previous experience with spruce
stump extraction, the operator was advised to lift all
spruce stumps (apart from too large in diameter) and
leave only larger pine stumps. This restriction does
not apply to places with high groundwater level,
where pines usually have a shallow root system. There
was no previous experience with extraction of birch
and aspen, so the working method was perfected over
time; thus, larger birch stumps were left, but all aspen
stumps were extracted disregarding their diameter.
The operator was advised to leave all black alder,
linden and other stumps of broad-leaved tree species.
Also, stumps within 4 m distance from ecological
trees were not extracted. The operator was directed to
extract stumps from all strip-roads, considering that
forwarding of stumps biomass will be done in winter
time.

All stumps with a diameter above 10 cm were
marked at the felling-area before extraction. Soil
preparation was not performed at extracted areas with
a stump lifting device. This was planned for the spring
time using a forest trencher.

Measurements were made from the topsoil till the
top of the stump surface in 2 repetitions. Bottom of
the stump is thought to be the horizontal soil layer,
which is a hard cover and cannot be deformed easily.
If there are mosses, lichens, snow or branches on the
topsoil, those are to be removed until the top of the
soil is visible and touchable.

Allegro CX field computers with SDI software
were used in time studies.

For calculating stump biomass, breast height
diameter (D, ,) is used; therefore, stump measurement
data at first are recalculated to breast height diameter.
For spruce, which is the dominant tree species in
all trial objects, 1% equation is used, for pine — 2™
equation, for birch — 3™ equation. For other species
equations of spruce are used. Prior to this study, these
equations were used in the JSC ‘Latvia state forest’
study on solid biofuel production from stumps at final
felling (Thor et al., 2008).

Table 1
Identified research objects
Object ID Area, ha | Sampling plot marking | Stump lifting head Stand type
65-03-07-410-58-34 1.7 Nitaure MRC-500 Dm (Hylocomiosa)
82-04-07-714-188-9 2 Stende CBI Vr (Oxalidosa)
82-05-07-712-437-8 34 Dursupe CBI Dm (Hylocomiosa)
83-05-07-603-326-7 1.4 Jaunpils CBI Vr (Oxalidosa)
80-29-07-501-360-9 3 Ogre MRC-500 Dm (Hylocomiosa)
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D, ;=0.740.74X D, ; where @)

D, , — diameter at 1.3 meter height, cm;
D, — average stump diameter, cm.

D, ;=-1.89+0.87X D, ; where )

D, , — diameter at 1.3 meter height, cm;
D, — average stump diameter, cm.

Dyy==6.740.916 x Dy +20>  where

0 3
D, , — diameter at 1.3 meter height, cm;
D, — average stump diameter, cm.

Stump biomass is calculated using 4™ equation for
spruce, 5" — for pine (Marklund, 1988) and 6" — for
birch (Repola et al., 2007). The equation for birch
biomass includes also coarse roots. Spruce biomass
equation is used to determine stump and root biomass
for other tree species.

D13
M= exp(—3.36+10.67x —‘); where
D, ,+17 )
M; - biomass dry matter, kg.

D
Mg=exp(=3.97+11.05x —2—); where
D,,+15

()
M - biomass dry matter, kg.

v 3 68+11.54 2+1.25x D, 4
= —3.68+ OAXN
5= OxP (2+1.25><DL3+26

+0.02+0. 05)> ; where
(6)

M; - biomass dry matter, kg.

Biomass of coarse spruce and pine roots (diameter
above 5 cm) is calculated using other equations:
for spruce — 7" equation but for pine — 8" equation
(Marklund, 1988).

D
M = exp(~6.39+13.37x —2-; where
D, ,+8

(@)
M - biomass dry matter, kg.

D
M= exp<— 6.34+13.29x Dl.ali9>; where

®

M; - biomass dry matter, kg.

Biomass of fine roots (diameter below 5 cm) is
calculated separately, using 9" equation for spruce and
10™ — for pine (Marklund, 1988).

Dy,
M= —2.57+7.63 - ; wh
s exp( X DH+12>,W ere o

M; - biomass dry matter, kg.

Dy;
M =exp(—3.84+8.88X ———|; where
S ( Dl.3+10> (10)

M - biomass dry matter, kg.

Additional stump biomass above root collar is
calculated by determination of volume as of cylinder
volume (equation No. 11), and then dry substance
biomass using equation No. 12 (Hakkila, 1975) is
calculated.

D,\
(100)

= XTX H;
Ve 7 T ; Where an
V. — stump volume, m?*
D, — stump diameter, cm;
H — stump height, m.
M =V % By ;where (12)

M — stump biomass dry matter, kg;

V.. — stump volume, m?

B, — wood relative density, kg m.

(spruce — 394 kg m?, pine — 476 kg m?, birch —
510 kg m?).

Extracted biomass constitutes of above- and
below-ground parts of stump as well as coarse roots.
It has to be taken into account, that such calculations
of biomass can be inaccurate, as they are based on
unverified equations. In addition, the diameter of
stump is measured at cross-cut point that usually is
above a root collar; hence, it is possible that there is
a systematic error underestimating stump biomass
in all calculations. However, these uncertainties
have systematic characteristics and will not affect
comparison of 2 stump lifting devices as far as the
trial sites are similar and the same approach is used in
measurements and calculations in all sites.

Data were processed using Microsoft Excel
software - Data Analysis, Descriptive Statistics, F-test
Two-Sample for Variances.

Results and Discussion

Stumps were measured in the autumn 2012 about
2 weeks before extraction. In total 1796 stumps were
marked in all sites. Table 2 shows the summary of
results of stump measurement.
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Table 2
Stump measurement results
Object Indicator Hardwoods Spruce Pine
Number, pcs. 7 207 1
65-03-07- -
410-58-34 Diameter (D), cm 45.7+9.5 374+0.9 24.0 £ 0.1
Height (H), cm 3204438 32.6+0.8 23.0+0.1
Number, pcs. 30 215 20
82-04-07- -
714-188-9 Diameter (D), cm 29.7+1.7 25.8+0.7 29.0+ 1.6
Height (H), cm 31.6+1.5 31.3+0.6 29.1+1.8
82-05-07- Ngmber, pes. 5 125 30
712-437-8 Diameter (D), cm 358+ 1.0 353+£1.6 404+1.3
Height (H), cm 352+43 29.8+1.0 27.5+1.2
Number, pcs. 69 279 9
2(3)‘3‘33‘2067_'7 Diameter (D), om 386+ 12 382£07 40834
Height (H), cm 247+ 1.4 28.7+0.7 20.0+2.3
Number, pcs. 122 639 38
28‘12_2‘6%7_'9 Diameter (D), cm 35.9+09 324+05 373138
Height (H), cm 27.8+ 1.0 27.7+0.5 20.0+1.5
Number, pcs. 233 1465 98
Diameter (D), cm 37 34 34
Height (H), cm 30 30 24

Stumps, which were not extracted, were estimated
according to the time study data by identification of
those stump IDs, which did not appear in the study
results. Stumps, which appeared during time studies
(usually on strip-roads), were treated as average
stumps in the stand. According to the time studies,
1568 stumps were extracted, including 82% of marked

stumps that could be noticed and 5% extracted without
markings (labels were lost).

Spruce stump diameter differences were analyzed
by ANOVA single factor method. It was indicated
that the differences in general were considered to be
statistically significant (F = 26.20 > = 2.38 Fcrit).
Comparing the experimental site in pairs by LSD

Table 3
Extracted stump total and available biomass with both technical devices
Bucket | Sample Indicator Species All

plot other | aspen | birch spruce | pine species

CBI Dursupe |total biomass, kg 2149 - 284 14290 | 3905 20628
accessible biomass, kg 1862 - 284 12411 3329 17887

Jaunpils |total biomass, kg 3567 - 4376 29053 651 37648

accessible biomass, kg 3136 - 4376 25089 556 33156

Stende  |[total biomass, kg 494 - 1152 10818 1130 13594

accessible biomass, kg 418 - 1152 9005 939 11514

All total biomass, kg 6210 - 5813 54161 | 5686 71870

accessible biomass, kg 5415 - 5813 46505 | 4823 62557

MCR-500 | Nitaure |total biomass, kg 858 7 753 23013 34 24665
accessible biomass, kg 746 7 753 19874 27 21407

Ogre total biomass, kg 3183 3608 3612 46856 | 3163 60421

accessible biomass, kg 2765 3608 3612 39971 | 2687 52643

All total biomass, kg 4041 | 3614 | 4365 69869 | 3197 85086

accessible biomass, kg 3510 3614 4365 59845 | 2714 74049
Both devices total biomass, kg 10251 | 3614 | 10178 | 124030 | 8882 | 156956
accessible biomass, kg 8926 3614 10178 | 106351 | 7537 136606
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(Least significant difference) test, the following
results were obtained:

e Nitaure — Ogre: diameter difference is
statistically significant (t =2.24 <t _=3.27);
e Nitaure — Dursupe: diameter difference is not
statistically significant (t =2.24 >t = 1.26);
e Nitaure — Jaunpils: diameter difference is not
statistically significant (t =2.24 >t = 1.62);
e Nitaure — Stende: diameter difference is
statistically significant (t =2.24 <t =7.87);
e Ogre — Dursupe: diameter difference is not
statistically significant (t =2.24 >t = 1.37);
e Ogre — Jaunpils: diameter difference s
statistically significant (t =2.24 <t _=5.43);
e Ogre — Stende: diameter difference s
statistically significant (t =2.24 <t =6.13);
o Jaunpils — Dursupe: diameter difference is
statistically significant (t =2.24 <t _=9.65);
e Jaunpils — Stende: diameter difference is
statistically significant (t =2.24 <t _=2.74);
e Stende — Dursupe: diameter difference is
statistically significant (t=2.24 <t =5.96).

According to the time study results and theoretical
estimation of stump biomass, actual extracted stump
biomass is 92% out of extractable biomass of marked
stump. Together in all objects 137 tons of extractable
stump biomass were produced, including 63 tons
with the CBI bucket and 74 tons — with the MCR-500
bucket (Table 3). The most of the actually extracted
biomass (78%) was spruce stumps.

Average time consumption for stump extraction
converted into engine hours, excluding longer delays,
is 0.42 hour ton™!, but expressed as productive working
time — 0.37 hour ton™'. The smallest productivity has
been identified in areas with high groundwater level
(Ogre, Dursupe, Stende, Table 4).

Spruce stump extracting productive time
differences were analyzed by ANOVA single factor

method. It was indicated that the differences in general
were considered to be statistically significant (F =
17.28 > = 2.38 Fcrit). Comparing the experimental
site in pairs by LSD (Least significant difference) test,
the following results were obtained:

e Nitaure — Ogre: diameter difference is not
statistically significant (t =2.24 >t = 1.16);
e Nitaure — Dursupe: diameter difference is not
statistically significant (t =2.24 >t = 0.09);
e Nitaure — Jaunpils: diameter difference is not
statistically significant (t =2.24 >t = 1.61);
e Nitaure — Stende: diameter difference is
statistically significant (t =2.24 <t __=7.30);
e Ogre — Dursupe: diameter difference is not
statistically significant (t =2.24 >t = 0.89);
e Ogre — Jaunpils: diameter difference is not
statistically significant (t =2.24 >t = 0.71);
e Ogre — Stende: diameter difference is
statistically significant (t =2.24 <t =7.07);
e Jaunpils — Dursupe: diameter difference is
statistically significant (t =2.24 <t = 6.39);
e Jaunpils — Stende: diameter difference is not
statistically significant (t =2.24 >t = 1.33);
e Stende — Dursupe: diameter difference is
statistically significant (t =2.24 <t _=6.54).

It means that productivity of both stump lifting
heads does not differ significantly in 6 cases out of
total 10 comparisons.

Stump lifting buckets MCR-500 and CBI are
different; during the trials MCR-500 did not use a
splitting knife, so the extraction quality was worse;
therefore the working method was adapted, like the
use of shaking instead of dropping of stumps to get rid
of soil particles. Figure 1 shows, that MCR-500 spent
more time on lifting and splitting stumps (mainly
because opening and closing of splitting knife took
more time than for CBI); however, additional working
time expenditure was retrieved by more efficient

Table 4

Summary of results of time studies

Stump lifting Sampling plot | Total biomass, | Working hours, | Productive time, | Productive time
head kg h ton’! h ton! share

CBI Dursupe 17887 0.58 0.43 94.40%
Jaunpils 33156 0.29 0.27 96.90%
Stende 11514 0.5 0.44 98.10%
All plots 62557 0.43 0.37 96.70%
MCR-500 Nitaure 21407 0.37 0.34 98.20%
Ogre 52643 0.42 0.4 95.20%
All plots 74049 0.41 0.38 95.90%
Both devices All plots 136606 0.42 0.37 96.20%

RESEARCH FOR RURAL DEVELOPMENT 2013, VOLUME 2 63



COMPARISON OF PRODUCTIVITY OF CBI AND MCR-500

STUMP LIFTING BUCKETS IN LATVIA

Agris Zimelis, Andis Lazdins,
Ziedonis Sarmulis

30
27
25
I~
{ =
'% 20
o 16 17
2
=3 -
g 1 "
2 - 5 5
2 10 -~ g .
G 55 5
@ 5 - | 4
E 2 2 23
= 10
0- : (. EE M B
& & d & & & & M @
R R S P I PO -
S & & W @ <0 &
Qg"b N o ) \(\QO R
& & oF &
Q¥ & Ry Ov‘é‘
W CBI MRC-500

Figure 1. Comparison of structure of productive time consumption.

manoeuvring and spending less time for passages. It
means that normally (ensuring necessary pressure in
both hydraulic lines) MCR-500 would work faster than
CBI lifting head. Probably there would be changes
in productivity if other operator would be chosen.
It is characteristic for harvester operators (a case of
MCR-500) to use a crane more intensively to reach
a tree before felling, whereas excavator operators
usually operate in different manner when they drive
or manoeuvre the excavator to select better position
before stump extraction. In this case a more intensive
use of crane was more beneficial approach according
to the study results.

It has to be taken into account that allometric
equations, developed in Sweden, have notbeen tested in
Latvia, and can overestimate or underestimate amount
of extracted biomass. It means that actual productivity
can be different; therefore, the results can be used only
to compare two stump lifting heads. Actual amount of
extracted stumps could be determined after crushing
of stumps, where it is possible to weigh chip trucks.
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Abstract

In the 30ies of the 20" century stump extraction was identified as one of the most prospective technologies of forest
sector to secure deliveries of solid biofuel. Now we are returning to the same challenges having the same targets —
to secure energy independence and competitiveness of forest sector. MCR 500 is the prototype of combined stump
extraction and mounding bucket for caterpillar excavator produced in Latvia by the LSFRI Silava and engineering
company Orvi SIA. The device is made for extraction of stumps with diameter up to 50 cm. Additional benefit of
the device is its ability to prepare soil for the forest regeneration by making mounds. The article summarizes results
of productivity trials of stump extraction using the MCR 500 head and following forwarding of the material. Data
from earlier studies are used to characterize comminution and road transport of stumps and chips. In total 3.5 ha were
extracted during the studies. A harvested amount of stumps was estimated using biomass equations. It will be updated
in further comminution studies. Average stock of extractable biomass (stumps and coarse roots) on the experimental
sites was 28 tons ha™'. Productivity of stump extraction was 2.4...3.4 tons per efficient hour. Consumption of efficient
time for scarification of soil was 3.4...4.3 hours per ha. Forwarding took 30 min per load (2.6 tons per efficient
working hour). Prime cost of chips according to biomass equations is 9.78 Ls LV m?, according to expert judgement

based harvested stock is 6.38 Ls LV m™.
Key words: stump harvesting, forwarding, prime cost.

Introduction

Forest bioenergy is becoming increasingly
important for the forest owners and forest industry in
Latvia. Logging residues from clear-felling for biofuel
production has already become widely accepted
technology in state and private forests in Latvia.
The demand for forest fuel is expected to grow due
to increase of consumption in district heating sector
and forest industries, like pellet production (Kons,
2011). Besides extraction of harvesting residues form
clear-felling, a variety of other forest residues can be
utilized for biofuel production. Extraction of stumps
started in Finland and to some extent — in Sweden
(Eriksson and Gustavsson, 2008). If cost efficiency
is used to evaluate potential of potential resources,
stumps are located in the next position after harvesting
residues from clear-cuts, both, in terms of available
resources and harvesting costs (Lazdip$ and Thor,
2009). However, stump biofuel has specific quality
characteristics, making use of stumps complicated
in conventional biomass boilers (Walmsley and
Godbold, 2009).

Stumps consist of wood and bark of a tree below
the stump cross-section. Recovery is performed
with heavy machines after harvesting and removal
of roundwood. Excavators equipped with a special
stump extraction buckets that can pull and split stumps
into smaller pieces are usually used for production.
The harvestable dry mass of a stump-root system is
23...25% of the stem wood biomass, for both spruce
and pine (Hakkila, 2004; Eriksson and Gustavsson,
2008). As a comparison, the crown mass and stem
ratio is typically 40...60% for spruce and 20...30%

for pine in Finnish and Swedish studies (Hakkila,
2004). Information about extractable biomass of
stumps of deciduous trees is limited (Lazdin$ and
Thor, 2009). The energy content of stumps varies
in different references. About 140to160 MWh ha’!
can be harvested according to studies in Finland
(Hakkila, 2004); in other publications 170 MWh ha!
are mentioned (Nylinder, 1979); Tekes reported
200 MWh ha! (TEKES, 2004). Stump recovery can
also reduce the cost of site preparation for replanting
(Eriksson and Gustavsson, 2008).

Information about possibilities to merge extraction
of stumps and scarification of soil is limited; however,
there is scientific evidenceof improved natural
regeneration, less insect damages and reduction of root
rot distribution in the next generation stand (Saarinen,
2006). Therefore, the aim of the study is to evaluate
productivity and prime cost of simultaneous stump
extraction and soil preparation with the experimental
stump extraction head MCR-500, forwarding and
conventional soil preparation with a disc trencher as a
control. The experiment will be continued with forest
regeneration studies, which will provide information
about the impact of stump extraction on the whole
forest regeneration cycle.

Materials and Methods

The trials were established in 3 forest stands
managed by Ltd. “Rigas mezi” nearby Ogre city
(Table 1). Pine (P) dominant stand (176-18) was on
naturally wet mineral soil. It was used generally to
adapt to the working method. Two spruce (S) dominant
stands were located on naturally dry mineral soil
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Table 1
Characteristics of experimental stands
Area, . . Age Stand Harvested
Code ha Dominant tree specie Stand type decade composition | volume, m?
176-18|2.7 | Pine (Pinus sylvestris L.) Myrilloso- |y, 7P3S 949
sphagnosa
98-4 |3.8 |Spruce (Picea abies (L.) H. Karst.) | Hylocomiosa |9 6S2P2B + A, Ga | 1542
104-9 |1.5 |Spruce (Picea abies (L.) H. Karst.) | Myrtillosa mel. |9 7S2PIB + A, Ga |293
Table 2
Work elements
No Stump extraction Disc trenching Forwarding
1. | Tower turns Preparations in the field Driving in stand
2. | Driving in stand Scarification Manipulations with crane
3. |Reaching Manoeuvring Catching
4. |Catching Other operations Loading
5. |Pulling Non-work operations Unloading
6. | Splitting Repairs Sorting
7. | Shaking - Other operations
8. | Dropping - Non-work operations
9. | Scarifying - Weighing
10. | Other operation - Empty driving
11.  |Non-work operations - Loaded driving

(98-4) and drained mineral soil (104-9). Other tree
species represented in the experimental stands were
silver birch (S), common aspen (A) and black alder
(Ga). All stumps of Ga and other rare deciduous
species were left in the stands.

All stumps were measured (species, height,
diameter and visually identifiable rotting signs) and
marked before extraction. The harvesting, forwarding
and soil scarification trials were implemented from
September to November, 2011. The time studies were
implemented according to work elements are listed
in Table 2. Forwarder loads was weighed using CAS
scales RW-15P. Field computer with SDI software
was used to record work elements. Time consumption
is expressed in centiminutes (cmin.), which is 1/100
part of a minute.

Quality of soil scarification was estimated after
stump forwarding using transect method — a set of
25 m? large sample plots located after each 25 m on
the longest diagonal of the sample plot. Area and
distance between mineralized spots were measured;

Dy = a+b* D) where
D, o —diameter at breast height, cm;
Ly —digmeteraf stump,cm;
a — cagfficient, L7 for spruce and - 1,59 for pine;
b—cogfficient ,(074 far spruce and 057 for pine.

minimal distance between suitable planting spots is at
least 1.5 m.

The prime cost of production of stump chips
was calculated using adapted version of the Flis cost
calculation model (Thor et al., 2008). Productivity
figures for stump extraction and forwarding were
taken from the productivity studies. Maintenance
costs and investments were considered as for new
machines. Productivity figures and maintenance cost
of stump truck, crusher, loader and chip truck were
borrowed from earlier studies (Thor et al., 2008) using
updated values for fuel cost and salaries.

Biomass was calculated using by recalculation of
stump level diameter to diameter at breast height (D, ,)
and application of biomass expansion equations to
estimate above- and below ground fractions of stumps
(1% for spruce and pine and 2" — for birch). For other
species equation of dominant tree specie was applied.
The same equations were used in previous studies
(Thor et al., 2008).

Dy 3=—6.7+0.916% Dy + 22

@

(€]
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M, =exp| - 3.36 +1’O.6?*i - where 5
D, +i7 M =exp —3.9?+11.05*D ;15
M, — dry bicmass, kg. 3) b ()]
2+1.25%0D
M, =exp| - 5.08+115a%| =27 TI3 40024005
2+1.25%D,,+26
(©)]
o )
Mszexp(—6.39+l3.37* ljs) M =exp|—6.34+13.29% ‘i )
1.3 (6) 1.3 (7)
Table 3
Characterization of extracted stumps according to biomass equations
Number of Extractable biomass Share of extracted stumps, % Prepared
Object | extracted stumps |of harvested stumps, | from number of | from extractable moun. dls per ha'
per ha' kg ha' stumps biomass of stumps
176-18 |377 22907 90 72 315
98-4 324 27752 71 62 355
1049 |384 24970 63 53 1496

Stump biomass was calculated using exponential
regression equations: spruce — 3™ equation, pine — 4™
equation (Marklund, 1988), birch — the 5" equation
(Repola et al., 2007). Equation for birch includes also
large roots; for spruce and pine biomass of extractable
roots was calculated separately usingthe 6" and 7™
equation (Marklund, 1988), respectively. Above-
ground part of stump is calculated separately using
volume formula of cylinder and wood density factors
from the guidelines for the greenhouse gas inventories
(Penman, 2003). In this article.total biomass of stump
and large roots (D > 5 cm) is called extractable
biomass.

Results and Discussion

Average extracted biomass of stumps and roots
according to the biomass calculations is 25.7 tons ha™'.
Average share of extracted stump biomass is 62% of
total extractable biomass of the measured stumps.
Average extractable biomass of stump is 73 kg

(Table 3). If compared to harvested roundwood stock,
share of extracted stump biomass is 7%. According
to other study in Latvia, it is 12% (Thor et al., 2008).
The same study also noted incongruity between the
Swedish biomass equations and actually extracted
biomass.

Average productivity of stump extraction is
2.7 tons per productive hour, but if soil scarification
is not accounted — 3.4 tons per productive hour.
Average time consumption for soil scarification is
3.4 hours ha!, when sufficient number of planting
spots are prepared — 4.3 hours ha™'. The most efficient
stump extraction was in object No 104-9 (Table 4). In
optimal working conditions an excavator can prepare
346 mounds per productive hour (10 sec per mound),
if time consumption for stump extraction relevant
work elements is not accounted (Table 5). According
to the study results, it is possible to scarify 0.29 ha per
productive hour. Notably that in the last stand (104-
9) the productivity of soil scarification was 3 times

Table 4
Productivity of stump extraction
Productivity of stump extraction, tons L. Productivity of soil preparation, ha per
. per hour Productivity hour

Object - — of mounding,

total productive | productive time for | ounds per hour modelled to prepare 2000

time stump extraction scarification time' mounds ha™!

176-18 (2.4 2.7 106 0.34 0.05
98-4 3.0 3.7 106 0.30 0.05
104-9 |25 3.8 346 0.23 0.17

1 Excluding time consumption for stump extraction and treatment.
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tower turns 5%
driving 9%
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other operations 2%
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splitting 14%

Figure 1. Share of work elements in productive time consumption.

@ Birch ¢ Spruce @ Pine

6
o0
'; 4 ° ° % @
= 300 @ ; o °
g 2 a3 s g
= aa%%@50 3“55§555q33§
5} L]

0

2025 30 35 40

@ ¢ ° @ @
$300%aneze o L0 L 0.
@
45 50 55 60 65 70
DO, cm

Figure 2. Productivity of stump extraction depending on dimensions of stumps.

higher than in the beginning. It is very probable that
in real conditions the productivity will be similar to
results obtained in the 104-9 or will be even better,
if the pressure in the main cylinder of cutting knife is
increased.

The most time consuming work elements are
pulling, splitting and scarifying (61% of the total
productive time, Figure 1). Technical improvements
(increase of pressure in cylinder of the cutting knife)
could increase productivity of pulling, splitting
and shaking (cleaning of stumps). Productivity of
scarifying can be increased by reduction of mounds
per ha; however, much more studies are necessary
to identify optimal number of the dedicated planting
spots in different growing conditions.

Comparison of productivity of extraction of the
stumps of different tree species and dimensions
showsthat the MCR 500 can easily extract spruce
stumps of any size and productivity constantly increases
with the size of stumps (Figure 2). Productivity of
extraction of birch stumps increases until D reaches
about 45 cm, then it becomes constant or decreases;
however, productivity of large birch stumps is higher
than of small stumps. Different results are obtained
with pine stumps — there is no significant difference
between productivity of smaller or larger stumps, but
significant drop in productivity was observed, if D, of

stumps is more than 45 cm. Productivity of the largest
pine stumps is smaller than productivity of extraction
of smaller pine stumps.

Comparison of work cycles, when 1 or several
stumps are extracted approves hypothesis that
simultaneous extraction is beneficial (Table 5), which
means that in practice an operator should start pulling
with the biggest stump, which will take also smaller
surrounding stumps in a group of stumps, and not with
smaller ones, which will be pulled out one by one.

Productivity of extraction of rotten stumps
was significantly higher than average productivity
figures. Time savings per stump, except time for soil
scarification, was 17% on average. Most of reductions
of the time consumption was in pulling and splitting
operations (Figure 3). The damages by root rot may
significantly reduce biomass of stumps, which is
complicated to estimate using biomass equations;
therefore, increase in productivity in practice might be
lost in reduction of extracted biomass.

Average forwarder load was 7651 + 272 kg.
Average consumption of productive time in forwarding
when calculated according to biomass equations was
22.8 + 6.6 min ton! or 2.6 + 0.8 tons per productive
hour (Table 6). If time per load (20.3 min for loading
and 10.1 min for unloading) is recalculated, results
of the study are comparable with earlier stump
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Productivity of extraction of multiple stumps

Table 5

Number of Share of total Share of total Average extractable Averqge time
. . consumption, seconds
stumps per cycle | number of stumps | extractable biomass | biomass of stump, kg
per stump
1 stump 85.9% 84.6% 69 62
2 stumps 12.4% 13.3% 76 60
3 stumps 0.9% 0.8% 62 58
> 4 stumps 0.8% 1.3% 41 27
More than 1 14.1% 15.4% 78 60
B Rotten stumps M All stumps
0.7
0.6
0.5
. 04
g
£ 03
§ o2
2 B
0 || [ | | -
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Figure 3. Productivity of extraction of rotten stumps — comparison of work elements.

forwarding studies (Thor et al., 2008); however,
average load calculated by the biomass equations is 2
to 3 times smaller than in the same studies calculated
according to weighed biomass. Average load according
to biomass equations is 1.3 + 0.4 tons, according to
weighing data — 3.8 tons of dry mass.

The significant correlation was found between the
load size and efficient time for loading (R* = 0.78). It
can be expressed as a power regression (8" equation,
Figure 4). It is also noticeable in Figure 5 that average
load size depends on work conditions — it was

considerably bigger in the object 98-4, where stock
per ha was also greater than in other stands due to a
larger dimensions of stumps.

By =195015M7; where
By— productivaime of loading cmin,
M — biomass perioad k
Average productive time for scarifying of soil is
89 + 18 min ha'. The soil preparation was more time
consuming in Myrtillosa mel. stand type (106 minha™").

Table 6

Productivity of forwarding

Value Measurement unit | Numeric value
Average speed
driving empty | km per hour 25+0.2
driving loaded | km per hour 2.8+0.2
Average load according to the biomass equations | tons 1.3+04
Average unloading time min load"! 10.1 £ 0.6
Average loading time min load"! 203+1.3
Average time per load, excluding driving min load"! 302+1.3
Productivity
total excluding driving | tons per hour 26+0.8
total excluding driving and unloading | tons per hour 39+23
unloading | tons per hour 7.9+0.5
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Figure 4. Productivity of loading depending on load size.
Table 7
Summary of prime cost calculation according to biomass equation figures
Position ‘ Excavator ‘ Forwarder ‘ Stump truck ‘ Crusher ‘ Loader ‘ Chip truck ‘ Totals
Costs, thousands Ls year
Investment 20.7 18.7 20.2 68.7 5.9 20.2 154.4
Staff 45.0 36.0 36.0 29.3 29.3 36.0 211.6
Operating 52.6 443 47.7 173.4 35.6 47.7 401.3
Total 118.4 99.0 103.9 271.4 70.7 103.9 767.3
Productivity (conversion factor ton to LV m’ = 6), LV — loose volume
LV m? per hour | 12.50 7.54 18.84 60.00 250.00 25.93 -
LV m® yearly |217425 139640 64552 196632 768900 88875 -
Prime cost
Ls LV m? [2.35 [3.07 [1.65 [1.42 [0.10 [1.20 9.78
Total cost, Ls ha'! 1509
Proposed income, Ls ha'! (price of chips assumed 7 Ls LV m?) 1079
Compensation for soil scarification, Ls ha’! 110
Net balance, Ls ha! -319

Average productivity of disc trencher in the trials was
89 min ha''; cost of soil preparation with disc trencher
110 Ls ha'. Average number of planting spots in area
prepared by the trencher was 1352 + 50 per ha’, in
area prepared by excavator — 1250 + 72 per ha'.

According to the study results, prime cost of
wood chips from stumps including stump extraction,
forwarding, communition and road transport using the
biomass equations derived values of harvested stock
is 9.78 Ls LV m’. Net balance according to average
market price of wood chips is still negative (Table 7).
If biomass is recalculated from forwarder loads
obtained in other studies (Lazdins et al., 2009), prime
cost of chips would decrease to 6.38 Ls LV m?, if
soil scarification is not included, thus, making stump
extraction feasible.

Conclusions
1. The biomass equations used for calculations might
underestimate biomass of stumps; therefore,

the productivity figures and costs should be
recalculated after comminution of stumps.

2. The experimental trials approved that simultaneous
extraction of several stumps increases productivity.
Extraction of rotten stumps also took less time — by
17% in comparison to average time consumption.
However, it should be considered that biomass of
rotten stumps might be smaller.

3. Average consumption of productive time for soil
preparation, excluding loading and unloading of
the device is 2.8 times less than during preparation
of soil with excavator during stump extraction.
This means that stump extraction, if directly
compared to disc trenching is not feasible, but
it might provide better growth conditions for
seedlings, which can compensate additional cost.

4. Statistically significant difference between number
of planting spots in extracted and control sites
was found only in compartment No 176, where
operator learned working method; therefore, the
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result approves that stump extraction secures at
least the same quality of soil preparation as disc
trencher meeting national regulations on forest
regeneration.

Productivity of forwarding per ton is twice less
than estimated in other studies showing similar

cost paid in trials, because old forwarder was
used for the experiments and investment cost
was not taken into account. The prime cost might
significantly reduce after updating of the biomass
figures; if expert judgement based values are used,
production of chips would cost 6.38 Ls LV m*

productivity results per load, which again points
to necessity to use comminution derived data on
produced biomass.

Prime cost of stump biofuel production, if biomass
equations derived figures of productivity are
used, is 9.78 Ls LV m? 55% of the cost relies
to extraction and forwarding. Hourly cost of
forwarder is significantly higher than service
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Abstract

With the increase in demand for renewable energy resources, new studies are carried out about under - utilized
resources, namely, stumps. To begin to use stumps in industrial application, it is necessary to find out stump extraction
influence on the environment, biodiversity, forest regeneration and other important factors. In Zemgale forestry,
Misas and Klives forest districts managed by Joint stock company “Latvian State Forests” (LSF) study on stump
extraction in woodlands where clear-cuttings done in 2006 was carried out in the block No. 177, compartments No.
1 and 5, as well as the block No. 176, compartments No. 3 and 9. In these territories two research objects were made
where in November-December 2007 stump extraction as well as soil preparation were performed. Main tasks of the
project were to evaluate the results of forest natural seeding and coppice ingrowths in natural regeneration areas and
evaluate the use of different methods for artificial reforestation with spruce and pine containerized seedlings. It was
observed that more seedlings were cut off in the areas where soil scarification with stump extractor was performed if

compared to areas prepared with a disc trencher.

Key words: forest regeneration, soil preparation, stump extraction.

Introduction

In Latvia, the use of tree biomass in energy
production has two main advantages — resources are
renewable and available locally. Forest area in Latvia
counts for 3497.08 thousand hectares (+/- 23.53
thousand hectares or 0.67%) and covers 54.14% of
Latvia’s territory (Jansons, 2009). During the last ten
years annual cutting volume of timber resources has
been 10 to 12 million m® (State Forest Service, 2011).
Unused annual potential of stump biomass in Latvia is
around 1.3 million tons, . (AdamoviCs et al., 2009).

Extraction of stumps improves soil structure by
reducing its density and improving aeration processes,
thus making favourable conditions for development
of new stands. Removal of rotten spruce stumps from
felling area reduces risk of new stand trees infection
with root rot (Vasaitis et al., 2008).

In 2007, Joint stock company “Latvia State
Forests” (LSF) in clear-cuttings of Zemgale forestry,
Misas and Klives forest districts performed stump
extraction and soil preparation for afforestation with
a specialized stump extractor bucket. Number of
planting spots in extracted area and mineralised lines
in control area were made in amount that corresponds
to a necessary number of spruce or pine seedlings
(Stadisanas, séSanas un ..., 2011).

All forest stands in these sample plots were clear-
cut with a harvester in the autumn 2006. Tree branches
in all sample plots were compacted into strip roads,
except in the block No. 177, parcel No. 5, where
branches were left scattered in the felling area.

The extraction of stumps was done in November
— December, 2007, a year after felling. Stump
extraction in felled areas must be performed alongside
with soil preparation for regeneration of areas where

stumps have been removed by natural or artificial
reforestation.

Aim: Verify whether it is possible to combine
the stump extraction with soil preparation in Latvia
weather conditions to prepare necessary number of
planting spots to regenerate forest area with the spruce
or pine containerized seedlings

Tasks:

1. Divide in rows and mark areas for the research;

2. Perform forest regeneration with the spruce of

pine containerized seedlings;

3. Establish and monitor sample plots.

Materials and Methods

The total area of the study plots is 7 ha from which
5.7 ha were regenerated with spruce containerized
seedlings and 1.3 ha with pine containerized seedlings.

There are Hylocomiosa and Mpyrtillosa forest
growth types in the research areas located in the
block No. 177, parcels No. 1 and No. 5; therefore, the
parcel No. 1 was afforested with spruce containerized
seedlings, but the parcel No. 5 with pine containerized
seedlings.

After stump extraction, splitting and putting in piles
along strip roads (stump piling along skid trail), with
extraction-splitting device, it is possible to make soil
scarification in mineralized ridges or small mounds.
Stump extraction-splitting device in open position is
pressed into soil and then by pulling upper tongue of
device mineralized ridge in length of 1 to 2 meters
or small mound by overturning turf is made. Stump
extracting excavator while standing in one place
can reach area from 24 to 28 m? (extraction-splitting
device maximal reach range is 7 meters). Thus, it can
prepare 6 to 8 mineralized ridges or small mounds. It
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ensures necessary number of beds for planting spruce,
pine or any other deciduous tree seedlings in felling
area with removed stumps.

Research objects of the project - clear-cuttings
with extracted stumps were placed in LSF Zemgale
forestry, Misa forest district block No. 177, parcels
No. 1 and 5, and for comparison clear-cuttings in
Klive forest district block No.176, parcels No. 3 and
9 were chosen.

In the block No. 177, parcel No. 1 four rows were
established: the first row for ‘natural regeneration’,
second row ‘planting in rows’, third row ‘irregular
planting’ and fourth row ‘ridges prepared with
scarifier’. In the first row ‘natural regeneration’
stump extraction alongside soil preparation was done;
the row was established at the side of the felling
area provided for natural regeneration that borders
with full-grown forest with superior stand of spruce
ensuring afforestation of this area with natural seeding.
In the second row ‘planting in rows’ stump extraction
together with soil preparation was done; along the
longest side of the felling area a line was stretched for
an employee who will perform regeneration of the row
to move along the line and plant spruce containerized
seedlings. In the third row ‘irregular planting’ stump
extraction as well as soil preparation was performed;
in the row an employee would freely choose places
where to plant spruce containerized seedlings. In
the fourth row ‘ridges prepared with scarifier’ stump
extraction simultaneously with soil preparation was
performed where after that the soil was prepared with
a scarifier ‘Bracke T21.1°; employee would plant the
spruce containerized seedlings in ridges prepared with
a scarifier at the bottom of the ridge or on the top,
depending on the conditions of the area. In the block
No. 177, parcel No. 5 identical rows are established
according to aforementioned method, where pine
containerized seedlings are used in order to perform
row afforestation.

In the block No. 176, parcel No. 9 soil was prepared
with a scarifier prior to stump extraction. Reforestation
was completed with spruce containerized seedlings
planted in ridges prepared with a scarifier.

In the block No. 176, parcel No. 3 soil for
afforestation was prepared with a scarifier in the
spring 2007 and afforested with spruce containerized
samplings planted in ridges prepared with a scarifier.

In all sample plots planting of spruce and pine
containerized seedlings was done with a tree planting
tool.

Planting material was delivered from the LSF
nursery garden.

For further monitoring of seedling development,
sample plots were established in spruce and pine
afforested areas. In each plot on the longest diagonal

four round shaped sample plots were established with
the radius of 2.82 meters (25 m?) (Noteikumi par koku
..., 2009). The number of trees was estimated with a
similar method described in Cabinet Regulation No.
892 ‘Regulation on Tree Felling in Forest Lands’.
Data was processed using Microsoft Excel
program Data Analysis, Descriptive Statistics.

Results and Discussion

Results of young forest stand preservation in
sample plots (SP) are given in Table 1. Stand inventory
results show that total loss of seedlings during the
first vegetation period was not significant, especially
taking into account a dry summer period from May
to August in 2007 (Laika apstak]i gada ..., 2007).
However, during a young stand weeding process in
irregularly planted areas around 600-700 seedlings
per hectare was cut down. Here the large number
of cut seedlings is related to dense vegetation and
irregular planting method which requires additional
concentration during weeding operation in order to
find every seedling.

When making weeding in the areas where soil
preparation was done with a disc trencher and a
straight line planting of spruce containerized seedlings
was done in ridges prepared with a disc trencher, the
number of cut seedlings was 200 per hectare whereas
in the areas where soil scarification was performed
with a stump extraction-splitting device, the number
of cut seedlings was 400 per hectare which could
be explained with the fact that during the planting
process it was not always possible to find prepared
planting place for seedlings right next to the straight
line. Therefore, planting here was done more in
irregular manner. One can conclude that in irregularly
regenerated forest areas where spruce containerized
seedlings have not been planted in straight lines, the
number of cut seedlings is two times larger and the
weeding operation here should be done more carefully.
Caution in weeding operation results in decrease of
productivity and increase of costs.

After weeding in areas where soil preparation was
done with a disc trencher and a straight line planting
of pine containerized seedlings was done in the ridges,
the number of cut down seedlings was 700 per hectare,
but in the areas where soil scarification was performed
with a stump extraction-splitting device and pine
seedling planted irregularly, the number of cut down
seedlings was 700 per hectare. In areas where the soil
scarification was performed with a stump extraction-
splitting device and the aim was to perform regular
planting of pine containerized seedlings, it was not
always possible to find a prepared planting place for
seedlings right next to the straight line and planting
there was done irregularly resulting in 400 cut
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Table 1
Survival of seedlings in sample plots
Number of seedlings in 25 m? sample plots
Code of After planting Drle(:eaer:i(iigzzayed Cut down seedlings N
Block and | enumerated Numb Numb Numb Remaining
parcel No. | sample UM Number | T | Number | P | Number | mumber of
plots of of of of of of seedlings,
seedlings, seedlings seedlings, seedlings seedlings, seedlings | Wnits per ha
units per units per units per
ha per SP per SP ha per SP
Block No. St-E 2600 6.5+0.3 200 0.5+0.5 400 1+0.4 2000
177, Parcel N-E 1800 | 4.540.5 200 0.5+0.5 500 1.3+0.5 1100
No. 1 F-E 2100 5.3+0.5 100 0.3 £0.3 200 0.5+0.5 1800
Block No. St—P 3600 9 40.6 400 1+0.6 900 2.3+0.5 2300
177, Parcel N-P 2600 6.5+0.3 - 700 1.8 £1.0 1900
No. 5 F-P 3600 940.6 - 700 1.8 £0.6 2900
Block No.
176, Parcel A-F 2500 6.3+0.3 100 0.3+0.3 500 1.3+0.5 1900
No. 9
Block No.
176, Parcel N-F 2700 6.8 £0.6 400 14+0.4 500 1.3+0.5 1800
No. 3
Abbreviations:

St-E — Planting in rows;
N-E — Irregular planting;
F-E — Ridges prepared with a scarifier;

A-F - Ridges prepared with a scarifier, after that stump extraction was done;

N-F - Ridges prepared with a scarifier.

seedlings per hectare during the weeding operation.
One can conclude that in irregularly regenerated forest
areas where pine containerized seedlings have not
been planted in straight lines, the number of cut down
seedlings is 29% larger than in regularly planted areas.

It is possible to ensure favourable soil preparation
for natural regeneration in sufficient quality as well
as prepare necessary number of planting spots for
planting forest when the stump extraction is done
alongside soil preparation for the forest regeneration
(Lazdins, 2011). In both areas - testing, and control,
pioneer tree species like aspen and birch were
more active in natural regeneration, but naturally
regenerated pine and spruce seedlings were observed
in very small quantities. Faster natural regeneration
with aspen and birch matches with forest natural
stabilization process, when after felling or destruction
of a forest site, pioneer tree species are first to take
over the area, forming unstable secondary forest sites
(Bisenieks and Gavrilovs, 2006).

Conclusions
1. InLatvia, with the use of stump extraction-splitting
device, it is possible to prepare necessary number

of planting spots to regenerate forest area with the
spruce or pine containerized seedlings.

2. The number of cut down seedlings was by 29%
larger in areas where regeneration with a pine
containerized seedlings done in straight lines than
in areas where it done irregularly.

3. To reduce cut down seedlings during young stand
weeding, it is necessary to work out teaching aids
for the young stand weeding operation in areas
where the soil preparation has been done with a
stump extraction-splitting device.
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PRODUCTIVITY OF STUMP LIFTING HEAD MCR-500

Andis Lazdins"* and Agris Zimelis'

The first studies on stump extraction for bioenergy in Latvia are dated with second
half of 19" century. During independence (20" and 30" of 20") century stump extraction
was identified as one of the most prospective and challenging tasks of forest sector to secure
sustainable deliveries of solid biofuel for households and industry. In that time stump
extraction using explosives was considered to be a conventional forestry technology. Now
we are facing the same challenges and tasks, the only real difference is more advanced and
powerful technologies.

MCR-500 is the first prototype of combined stump extraction and mounding head for
caterpillar excavator produced in Latvia by the LSFRI Silava and engineering company Orvi
SIA. The device is supposed to be used for extraction of stumps with diameter up to 50 cm in
coniferous and deciduous tree stands (Figure 1). The main benefit of the device is ability to
prepare soil by making mounds for the following forest regeneration.

Figure 1. Stump lifting head MCR-500.

The MCR-500 head was tested in autumn (2011) in clear-felling sites on fertile mineral
soils nearby Riga city. It was mounted on New Holland 215B excavator and operated by
professional instructor of forest machines with limited experience on excavators. All extracted
sites were regenerated with Norway spruce during next spring. The reference method of soil
scarification was disc-trenching completed few weeks after stump extraction. In total 3.5 ha
were extracted during the studies. Harvested amount of stumps was estimated using biomass
equations; therefore, might be corrected after estimation of the actual biomass weight during
comminution studies. Preliminary data from forwarding studies confirms concerns proposed

! Latvian State Forest Research Institute “Silava’, * E-mail: andis.lazdins@silava.lv
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in earlier trials, that biomass equations borrowed from Nordic countries considerably
underestimates below-ground biomass of stumps.

The figures of productivity were recorded using Allegro field computer with SDI
program. Time consumption was accounted separately for a single stump. The height, diameter
and specie of all stumps with diameter above 20 cm was determined before the time studies.
The working time was split into: (1) turning of tower; (2) driving in stand; (3) reaching a
stump; (4) catching; (S) lifting; (6) splitting; (7) shaking and (8) dropping to get rid of soil;
(9) scarification - site preparation; (10) other unexpected operations and (11) non-working
time elements.

Average calculated stock of extractable biomass (stumps and coarse roots) in the
experimental sites was 28 tons ha™! (7.6 % of extracted roundwood expressed in m*); average
extractable biomass of stumps was 73 kg, average diameter — 32 cm. Share of extractable
biomass of harvested stumps was 62 % of the biomass of all stumps with diameter above
20 cm.

Productivity of stump extraction was 2.4...3.4 tons per efficient hour (2.5 tonsin case of
good quality of soil preparation). Productivity of soil scarification was 3.4...4.3 hours per ha.
The figures of time consumption for stump extraction per area unit are comparable with others
obtained in Latvia; however, calculated output of biomass is considerably smaller. Scarification
of soil with stump lifting head consumes twice more time than conventional trenching;
however on wet soils productivity figures come closer making excavator competitive.

Average number of prepared mounds was 571 per ha™' (315...1496), total efficient
time — 9.5 hours ha™ including 7.6 hours for stump extraction and 1.9 hours for mounding.
Productivity was considerably affected by lack of experience of the operator - in the last stand
(104-9) scarification took by 73 % more time than at the beginning, but number of produced
mounds increased by 162 %. Similarly, productivity of stump extraction in the last stand
increased by 20 % in compare to the first stand (Table 1). The quality of scarification increase
as well with every stand. If not accounting operations relevant to stump extraction, average
time for soil scarification would be 3.4 hours ha™.
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Table 1. Productivity figures recalculated to area units

Number EXtraCtﬁblﬁ bli omass, | Number Efficient time, hours per ha
a )
Object of d 8 of d
code | Stracte extracted all L for stum, for for soil
stumps, mounds | total np " prepa-
perha | stumps | stumps | pberha processing | mounding | T
176-18 377 22907 31774 315 9.4 8.3 1.0 3.0
98-4 324 31828 48511 35S 10.4 8.5 1.9 3.4
104-9 384 24970 47242 1496 9.8 6.6 3.3 4.3

According to the study time consumption for stump extraction depends from species

and diameter of the stump (Figure 2). For birch productivity continuously to grow until

stumps reach diameter of approximately 45 cm; then productivity remains relatively constant.
For pine the productivity slightly increases until stumps reach approximately 40 cm in
diameter. For spruce slight increase in productivity continues even if stumps are more than

60 cm in diameter.

centi minutes per kg
[\8}

11}
©

30

@ birch 4 spruce +# pine

40

50

stump diameter, cm

Figure 2. Productivity depending from diameter and species of trees.

Keywords: stump extraction, mounding, forest regeneration
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