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DARBA VISPAREJS RAKSTUROJUMS

Darba aktualitate

Mezs ka ekologiska sistéma sava attistibas cikla iziet vairakus etapus. Viens
no bitiskakajiem ir vid&ja vecuma etaps, kad jauna mezaudze partop pieaugusa meza.
Vesturiski ilgi valdija uzskats, ka $aja laika mezaudzes augSana ir paspietickama un
cilveka lidzdaliba Saja procesa nav nepiecieSsama. DaZi meZkopji gan ieteica vairakus
priekslikumus, pieméram, veidot mezaudzes, pielietojot cirSanas pap€mienus, tomér
domingja viedoklis, ka koku izcir§ana pirms cirtmeta nav vajadziga.

Rietumeiropa pirmas koksnes deficita pazimes ipaSu uzmanibu lika pievérst
mezam ka bagatigam un perspektivam koksnes ieguves resursam visa ta augSanas
perioda. Tika konstatéts, ka, mezam attistoties, koku skaits laika no jaunaudzes vecuma
lidz pieaugusam mezam var samazinaties pat 15 reizu - no 10-15 ttukstoSiem koku uz
hektara lidz pat 400 - 800 kokiem uz hektara, ko veicina koku savstarpgja konkurence,
ka arT meza kaiteklu un slimibu ietekme.

Lai kompensetu koksnes deficitu, mezkopji augSana atpalikusos kokus saka
izcirst, nosaucot $o darbibas veidu par kop$anas cirti. Ar laiku uzskati par mezkopibu
mainijas, un tika atzits, ka, pielietojot kopSanas cirtes, var sekmigi veidot mezu un iegiit
arl papildus koksni tautsaimniecibas vajadzibam. Krajas kopSana veicina koku
kvalitates uzlabosanos, nodrosinot tiem plasaku augSanas telpu. Krajas kopSanas mérkis
— git maksimalus ienakumus no meZa audz&$anas. Krajas kopSanas cirtés izvacami
nevélamo sugu koki, tapat galvenas sugas slimie, bojatic un nomaktie, mazveértigie
starpaudzes koki un, ja normativi pielauj, ari koki no galvenas audzes (Buss, 1981).
Rezultata visas attistitas mezkopibas valstis tika izstradati atseviSkiem meza augSanas
apstaklu tipiem piemeroti mérku audzu modeli.

Lidz pat 20. gadsimta 60.-70. gadiem krajas kopSanas cirtes izstradaja
nemehaniz@ti, izmantojot rokas zagus un zirgvilkmi (Salins, 1997). Aktiva un plasa
jaunu masinu, mehanismu un tehnologiju ievieSana mezizstradé veicinaja ari kop$anas
cirSu izpildi. Mezizstrades tehnikas pielietosanas rezultata tika atzits, ka nav tadas
universalas tehnikas, kas biitu piemérota gan lielo, pieauguso koku izvaksanai galvenaja
izmantoSana, gan siko dimensiju koku izcirSanai kopsanas cirtes.

Paraléli masinizacijas ievieSanai mezizstrades darbos aizsakas meza masinu
pielietoSanu ietekm&joSo faktoru izp&te. Galvenas izmantoSanas cirt€s masinizetas
tehnologijas uzdevums ir nodroSinat atru un efektivu izc€rtamo koku apstradi un
tehnikas parvietoSanos apgriitinatajos brauksanas apstaklos. Savukart, izdarot kopSanas
cirtes, ir ipasi svarigi, lai palieko$a audzes dala biitu vesela, novérSot iesp&amos
augsnes, ka arT atstajamo koku stumbru un saknu bojajumus, tada veida radot optimalus
augsanas apstaklus mérka audzes turpmakajai attistibai.

Plasu masinizétas mezizstrades pielietosanu krajas kopSanas cirt€s joprojam
kave vairaki ekonomiskie un mezsaimnieciskie faktori: riipnieciska apjoma izstrades
razZiguma raditaji nav pietickami augsti, biezi netick ieverotas mezsaimniecisko un
ekologisko normativu prasibas.

Promocijas darba mérkis
Darba mérkis ir izpétit maSiniz&tas mezizstrades tehnologiju pielietoSanu
krajas kopSanas cirtés Latvija un izstradat rekomendacijas minétas tehnologijas
uzlabosanai.



Petnieciskie uzdevumi:
1. noskaidrot kadi faktori ietekmé harvestera darba razigumu krajas kopsSanas
Cirtes;
izvertet koku aizsniedzamibu harvestera tipa masinam krajas kopsanas cirtgs;
novertet ar harvesteru izkoptas audzes kvalitati;
4. formulét koku aizsniedzamibas modela darbibas principus mezizstrades
masinai,
5. izstradat ieteikumus maSiniz&tas mezizstrades tehnologijas uzlabosanai krajas
kopsanas cirtes.
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Pétijuma ietvaros parbaudita §ada hipoteze:
izp&tot un pilnveidojot masinizétas mezizstrades tehnologiju krajas kop$anas
cirtés, iespgjams uzlabot izkopto mezaudzu kvalitati, nodroSinot vienme&rigaku atstato
koku izvietojumu.

Zinatniska novitate
Darba ir apkopoti plasa méroga pétijumi par harvestera darbu krajas kopsanas
cirtés. Pedgjos 25 gados Latvija tik vispusigi pétijumi netika veikti. Darbs ir ka
turpingjums mezizstrades masinu koku aizsniedzamibas teorijai, kuru pagajusa gadsimta
70-to gadu beigas veica zinatniece Tea Rozipa un 80-to gadu beigas turpindja
Aleksandrs Saveljevs. PEtTjumos iegiitie rezultati parada pasreiz pielietotas mezizstrades
tehnologijas nepilnibas, ka ari rasti risindjumi to novérsanai.

Darba praktiska nozime
Balstoties uz veiktajiem pétjjumiem, Saja darba piedavati divi jaunievedumi:

1. izvacamo koku uzskaites ierice harvesteram, kuras ievieSana praks€
nodro§inatu augstaku darba raZigumu un darba kvalitati, ka ari mezaudzes
vienmérigaku izkopSanu;

2. matematiski  pamatotais = mezizstrades maSinas  izvacamo  koku
aizsniedzamibas modelis, ar kura aprékinu rezultatiem harvestera operatoram
butu nosakami optimalakie parbraucienu attalumi katra konkr€taja cirsmas
dala.

Promocijas darba struktiira un apjoms
Darbs strukturéts 4 nodalas:

1. Situacijas analize, kura raksturots krajas kopSanas cirSu potencials Latvija,
vesturisks ieskats izstrades masinizacijas attistiba ka ari pasreiz&ja kopSanas
cirSu izstrades tehnologija. Papildus veikts ieskats arzemju autoru pétijumos
saistiba ar harvestera raziguma ietekmé&josiem faktoriem un izvacamo koku
aizsniedzamibu kopsanas cirt€s stradajosajiem harvesteriem.

2. Peétfjumu materials un metodika. Nodala raksturoti dazadi eksperimentu veidi
un pétijumu datu ievakSanas metodika. Sniegta informacija par
parauglaukumiem, pétjjumos izmantotajiem harvesteriem ka arT datu apstradei
izmantotam metodém.

3. Rezultati un diskusija. ST nodala sastiv no tris apak$nodalam, apskatiti
rezultati no vairakiem harvestera darba raziguma pétijjumiem, koku
aizsniedzamibas pétijumiem, ka arT no izkoptas audzes kvalitates
novertgjuma.



4. Projekti un jaunievedumi. Nodala aprakstits jaunievedums — izvacamo koku
uzskaites ierice harvesteram, ka arl matematiski pamatots mezizstrades
masinas izvacamo koku aizsniedzamibas modelis.

Kopuma darbs noforméts uz 92 lappusém,; informacija apkopota 14 tabulas un
51 attéla; izmantoti 124 zinatniskas literatliras avoti. Darba nosléguma formuléti 9
secin@jumi un 2 priek$likumi masinizétas mezizstrades tehnologijas uzlabosanai.

1. SITUACIJAS ANALIZE

Latvijas teritorija aiznem 6.46 milj. ha, savukart mezu kopplatiba - 3.35 milj.
ha, kas sastada 52 % no valsts teritorijas. Turklat mezu platibas ped&jos gados turpina
palielinaties. Salidzinajuma ar citam Eiropas valsttim, Latvija ir viena no meziem
bagatakajam. Eiropa mezi vidgji aiznem 33% no sauszemes teritorijas. Kokiem augot,
ik gadu veidojas koksnes picaugums, kas p&c pasreiz&jiem datiem Latvija ir 16.5 milj.
m® gada. Latvija ierindojama starp vadoSajam Eiropas meZsaimniecibas valstim, ar
aptuveni 1.2 hektariem meZa zemes uz vienu iedzivotdju (Eiropa vidgji uz vienu
iedzivotaju ir 0.27 ha meza zemes). Lielaks $adu zemju apjoms ir tikai Somija,
Zviedrija, Norvégija un Igaunija (LVMI Silava, 2013).

Latvijas klimatiskie un geografiskie apstakli ir labveligi meZa augSanai: tade]
viena kubikmetra koksnes ieguves paSizmaksa ir 1.3 reizes zemaka neka Skandinavijas
valstis. No pagajusa gadsimta sakuma Iidz pat miisdienam Latvija ar meZu aiznemtas
platibas joprojam palielinas (1.1. att€ls). Meza platibu un audzu krgjas picaugums ir
nozimigi ilgtsp&jigu meza apsaimniekosanu raksturojosi raditaji.
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1.1. att. Meza platibu dinamika Latvija’.
Fig. 1.1. Dynamics of forest covered area in Latvia®.

Meza platibu palielinasanas galvenokart skaidrojama ar koku dabisku
ievieSanos neizmantotajas lauksaimniecibas zemées, ka arT ar lauksaimniecibas zemju
maksligu apmezoSanu. P& meza statistiskas inventarizacijas datiem S$adas izmainas
notikusas pédgjo 40 gadu laika (ipasi pedgjos 10 gados), kad ik gadu ar kokaugiem

! P&ec meza statistiskas inventarizacijas datiem, (LVMI Silava, 2013)
According to forest statistical inventory data, (LVMI Silava, 2013)
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aizaug aptuveni 66 tikstosi hektaru neapsaimniekoto lauksaimniecibas zemju. Meza
platibu palielinasanos veicina arl meérktieciga meza ieaudz€Sana. Kopuma, kops
pagajusa gadsimta sakuma, mezu platibas Latvija palielindjusas gandriz divkart, pedgjo
divdesmit gadu laika - par 19 % (LVMI Silava, 2013).

Latvija maksimali pielaujamais cirSanas apjoms kopSanas cirte€s nav
ierobezots. Meza likums nosaka, ka krajas kopSanas cirte ir atlauta gadijumos, kad
mezaudzes $kérslaukums ir lielaks par minimalo $kérslaukumu vai ari tad, ja mezaudze
ir slimibu inficéti, kait€klu invadéti vai citu iemeslu dé] bojati koki, un ja péc cirtes
mezaudzes Skérslaukums nekliist mazaks par minimalo $kérslaukumu. Latvijas meza
apsaimniekoSanas cikls krajas kopSanas cirti katrai meZaudzei paredz veikt 2 — 3 reizes,
to atkartojot ik p&c 20 gadiem. Pirma krajas kopSana izdarama, konkrétajai mezaudzei
sasniedzot 20 — 30 gadu vecumu, un to vajadzétu atkartot ik pgc 15 — 20 gadiem. Pedgja
krajas kopSana parasti planojama 20 gadus pirms galvenas cirtes.

Nelikumiga Sa_nitiri
koku cir§ana cirte /
/ legal Sfarllll.tary
felling of D elling xitas cirtes /
treegs e PROCEN‘H Sthler S
[PROCEN... " fellings
[PROCENTI
Kopéanas Galvena
Tﬁ-l;tﬁ-:]g cirte / Final
inni .
felling
[PRO(]:ENTl ) [PROCENTI
]

1.2. att. Koku cir§anas apjoms sadalijuma pa cir$u veidiem 2013. gada’.
Fig. 1.2. The volume of fellings by felling types in 20132,

1.2. attela dati liecina, ka Latvija 2013. gada 12.4 % no kopgja koksnes
apjoma sastada krajas kopSanas cirtés izstradata un realizéta koksne. Lielaka dala — 79.7
% no kopé&ja koksnes apjoma - iegiita galvenaja cirtg, bet atlikusie 7.9 % - veicot pargjas
cirtes.

Lidz 2005. gadam krajas kopSanas cirté€s Latvija nebija iespgjama harvesteru
pielietoSana, jo, saskana ar Ministru Kabineta (MK) Noteikumiem Nr.217, kopSanas
cirtés ierikoto tehnologisko koridoru kopgja platiba nedrikstgja parsniegt 12% no audzes
platibas. Lidz ar to attalumi starp koridoriem nebija pielaujami mazaki par 30 m, un
tadel harvestera izlices garums nesp&ja nodrosinat vienmerigu audzes izkopSanu starp
diviem koridoriem visa meza slejas platiba. Lai situaciju labotu, 2005. g. 15. marta tika
izdaritas izmainas min&tajos MK Noteikumos, kas pielava tehnologisko koridoru
ierikoSanai izmantot 1idz 20% no meZaudzes kopplatibas. Lidz ar to tehnologiskos
koridorus vargja izveidot ik péc 20 m, kas bitiski paaugstinaja harvesteru pielietosanas
efektivitati kopSanas cirtés, nodro$inot visu paredzeto koku izzagesanu un pievilksanu
pie tehnologiskajiem koridoriem, ka arT apalo sortimentu sagatavoSanu.

2 P&c meza statistiskds inventarizacijas datiem, (LVMI Silava, 2013)
According to forest statistical inventory data, (LVMI Silava, 2013)
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2.PETIJUMU MATERIALS UN METODIKA

No 1. nodalas situacijas analizes izriet, ka maSiniz&tas mezizstrades
tehnologijas piclietojums krajas kopSanas cirtés ir sameéra sarezgits un komplicéts
process. Taja iesaistitas dargas un inovativas mezizstrades masinas un to operatori,
kuriem japrot ne tikai profesionali tas vadit, bet arT jaapgtist mezkopibas pamatjautajumi
un jazina, ka sagatavojama kvalitativa, prasibam atbilstosa apalkoksne. Turklat min&to
uzdevumu izpildi mezizstradé zinama méra ierobeZo MK noteikumi un vairaki
likumdoSanas akti.

Nemot véra ieprick§ minéto, $aja darba pétita mezizstrades tehnologijas
pielietoSana harvestera darba krajas kopSanas cirt€s. Mazak uzmanibas veltits
sortimentu pievesSanai, kas uzskatama par vienkar§aku mezizstrades procesa posmu.

Veikto eksperimentu dizaina raksturojums skatams 2.1. attéla.

EKSPERIMENTU

DIZAINS
I
| I kI _ _ - ] =
Harvestera zkoptas Izvacamo ez1z§tra es
P audzes koku masinas
tieSa darba L . L _
novertEiums kvalitates uzskaites aizsniedzamibas
) novertéjums ierice modelis
harvesteram

Harvestera Izvacamo koku
darba aizsniedzamibas
raziguma analize
novertgjums harvesteram

2.1. att. Promocijas darba eksperimentu dizaina raksturojums.
Fig. 2.1. The design characteristics of the experiments conducted.

Ka redzams 2.1. attéla, darba petijumi iedaliti Cetras lielas grupas:

1. harvestera tiesa darba noveértgjums, kas sikak sadalits darba
raziguma novertéjuma un izvacamo koku aizsniedzamibas analizg;

2. izkoptas audzes kvalitates novertg§jums pec  masinizetas
mezizstrades;

3. izvacamo koku uzskaites ierice harvesteram;

4. mezizstrades maSinas koku aizsniedzamibas modelis. Ar
matematiskim metodém un datorprogrammu izstradats vizuals
mezaudzu modelis, kas aptver maSiniz€tu kopSanas cirSu
tehnologiju harvesteram un dazadas situacijas izvacamo koku
aizsniedzamibas aprekinus.

P&tfjuma izmantotie dati ievakti laika no 2007. gada lidz 2014. gadam: 2008.
gada apsekotas =~ 200 krajas kopSanas cirsmas dazadas meZizstrades darbu izpildes
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stadijas, no sakuma fazes — kokmaterialu sagatavosanas, lidz beigu fazei — apalkoksnes
sortimentu pievesanai. Papildus veikti kontrolmérijumi, ka ari dazadi novérojumi.
Informacija pétjjumu pamatbazei ieglita 12 dazadas krajas kopSanas cirsmas, kur
ierikotas 660 parauglaukumu kopas. [zmgginajumos izmantoti 3 Latvija popularako
marku un modelu kopsanas cirSu harvesteri: John Deere 1070, Ponsse Beaver un
Valmet 901.4. Atskirigi veikts harvestera razibas pétjjums saistiba ar audzes
raksturojumu: izmantoti harvesteru darba laika uzskaites faili no 100 dazadam krajas
kopsanas cirsmam, kas atrodas Latvijas teritorijas dazadas vietas.

Pétjjumu rezultata iegitie dati apkopoti un statistiski apstradati, pamata
izmantojot datorprogrammu SPSS 17 un MS Excel. Lai pilniba realizétu pétijjuma
mérkuzdevumus, veikti T-testi, dispersijas un korelacijas analizes.

Petijumi 2008. gada un 2009. gada veikti 12 dazadas masinizeti ar harvesteru
izstradatas krajas kopSanas cirsmas, kas atlasitas geografiski dazadas Latvijas vietas —
AS LVM Zemgales un Vidusdaugavas mezsaimniecibas teritorija.

Visas pétamajas cirsmas koku izvietojums ir izkliedets. Audzes, kur koki
izvietoti rindas, Saja darba nav pétitas. Ka izpétes objekti — cirsmas sadalitas pa meza
tipiem (2.2. att€ls): att€la uzskatami redzams, ka parsvara visas izraudzitas cirsmas
atrodas sausienu mezu tipos. Tas darits ar noliiku, lai izslégtu dazadus blakus faktorus,
kas varGtu ietekm@ harvesteru darbu izm@ginajumos un lidz ar to arl pétijuma
rezultatus.

Pirms izstrades katra cirsma sagatavota, atbilstosi pétijuma specifikai un
izvirzitajiem merkuzdevumiem. Vispirms pec tradicionalas shémas ieziméti
tehnologiskie koridori — 20 m starp tehnologisko koridoru centriem, tehnologisko
koridoru platums - 4.0 m. Lai izpéti veiktu racionali, visu 12 cirsmu konfiguracija ir
taisnstirveida, kas vienkarSo atsevi§ku izméginajumu veikSanu. Cirsmas shéma un
tehnologisko koridoru izstrades seciba skatama 2.2. attela.

000 000000000000 o000 00
00 000 000300 000 Lod 000
000, ;000 O 000 o
OOO @E D) 000 OO0 000 O ¢
000 00 00| 00009 | |oO
coo B0 000| |po 000| |o¢
000 [@000 00, O%OOOO 00
00 Q1|20 000|209 00| 4|9
0 69 looo%o’| #|cc0B0o | 3|00
oo 0| | |000" "¢l | |[©OC0O oY
l | B M ,V_i !j_rrL

2.2. att. Tehnologisko koridoru izstrades seciba izméginajumu cirsmas.
Fig. 2.2. The sequence of strip road logging in experimental felling sites.
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Péc sada veida cirsmu izstrades izkoptaja audzg ierikoti taisnstlirveida
parauglaukumi; katra platiba 100 m? (2.3. att.):

»  divi malgjie — PL2 un PL3;

»  centralais parauglaukums, kas atrodas pusslejas vidusdala — PL1.

S .
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PL3 {3PL1 3313
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2.3. att. Parauglaukumu izvietojuma shéma.
Fig. 2.3. The layout of the sample plot location.

Visas pétijuma ieklautajas cirsmas parauglaukumi un tehnologiskie koridori
ierikoti ta, lai parauglaukums PL3 atrastos taja pussleja, kuru harvesters izstrada uz
nekoptas audzes pusi, turpreti parauglaukums PL2 — pussleja, kuru izstrada uz izkoptas
audzes pusi.

Veidojot parauglaukumus, meZaudzes sleja starp tehnologiskajiem koridoriem
sadalita tris vienadas dalas. Parsvara slejas platums ir 16.0 m, un Iidz ar to katra
parauglaukuma malas garums — 5.3 m. Lai parauglaukuma platiba sastaditu 100 m2,
otras malas garums ir 18.87 m. Ja kada no cirsmas parauglaukuma vietam slejas platums
ir lielaks vai arm mazaks, tad attiecigi rindas malas garums noteikts tads, lai katra
parauglaukuma platiba visos gadijumos biitu 100 m?.

Lai noteiktu koku aizsniedzamibu harvesteram, veikts:

1) parredzamibas novért€jums no dazadu marku harvesteru kabiném;
2) harvestera darba novertéjums sagatavotajas cirsmas;
3) harvestera darba novert&jums pie dazadiem stavpunktu attalumiem.
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20 m

15m

2.4. att. Parredzamibas noteik§ana ar ,,énu” metodi.
Fig. 2.4. Determining the range of visibility by "shadow” method.

Parredzamibas novértéSanai no dazadu harvesteru kabiném, pielietotas
tradicionalas 1974. — 1976. g. izstradatas ,,enu” metodikas - TOCT 12.2.002-74 un
T'OCT 12.2.019-76. Eksperimentos izmantoti tris dazadu marku un konstrukciju
kops$anas cirSu harvesteri — Valmet 901.4, Ponsse Beaver un John Deere 1070d, ar
at8kirigu kabinu un hidromanipulatoru izvietojumu. Izméginajums veikts diennakts
tum$aja laika, katra modela harvesteram atrodoties stacionara stavpunktda, arpus
mezaudzes. P&c tam ap harvesteru ar 4 mietiniem nosprausts taisnstiira laukums - 15 X
20 m — ta, lai harvesters butu laukuma centra (2.4. att.). Harvestera kabines vidi,
operatora galvas augstuma, tika piestiprinats spécigs gaismas avots — spuldze. Atkal
izmantojot mietinus, apspraustas taisnstiira laukuma malu apénotas dalas un uzmérits to
lielums.

Iegata informacija ievadita datorprogramma SPSS 17, un katram harvestera
modelim izskait]otas kop&jas apénotas un redzamas laukuma dalas.

Harvestera darbs novertets visas divpadsmit cirsmas, Ipasi sagatavojot
mezaudzu pusslejas starp tehnologiskajiem koridoriem. Pirms izstrades, ievérojot
mezsaimnieciskas prasibas un konkrétajai audzei paredz&to kopsanas modeli, katram
otrajam koridoram piegulo$ajas pusslejas ar luminisc€josu krasu ieziméti izvacamie
koki (2.6. att. II. un IV. koridors), un tadel iesp&ja, ka harvestera operators kadu
izvacamo koku var€tu nepamanit, ir maz ticama. Vienlaicigi ar izvacamo koku
markesanu, fikséts arT to skaits. Katram operatoram, pirms mezizstrades uzsakSanas
visas sagatavotajas cirsmas izskaidrots, lai, izvacot tikai mark&tos kokus, darbs tiktu
izpildits péc zinamas tehnologijas un ierastaja tempa. Darbu beidzot, atkal apsekotas
iezZimetas cirsmu dalas un uzskaititi neizvaktie mark&tie koki. Tad iegttie dati ievaditi
MS Excel elektroniskajas tabulas un aprékinats, cik % markéto audzes koku netika
izvakts. Rezultati uzraditi 3.2.2. apaks$nodala.

Papildus veikts harvestera darba novértejums atkariba no dazadiem
stavpunktu attalumiem trijas krajas kopSanas cirsmas:

a) 2. pétijuma objekta, Engures iecirkna 287. kvartala;

b) 9. petijuma objekta, Vecumnieku iecirkna 108. kvartala;

¢) 10. p&tijuma objekta, Misas iecirkna 111. kvartala.
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Detalizétaks cirsmu raksturojums dots 2.1. tabula.

Divas cirsmas — 2. un 9. objekta - stradaja divi vienadas markas un modela —
John Deere 1070d harvesteri, ar identiskam — H 745 modela darba galvam. Harvesteru
maksimalais izlices garums — 10.0 m, kas nodro$indja koku aizsniedzamibu 10 m
attaluma no harvestera centra. Savukart 10. p&tjjuma objekta stradaja Valmet 901.4
harvesters, kam koku aizsniedzamiba arT bija 10.0 m. P&tjjums veikts vairaku operatoru
mainu laika, 1idz ar to izslédzot viena operatora darba izpildes savdabibu ietekmi uz
izm&ginajuma rezultatiem.

Tapat ka ieprieksgja pétijuma, harvesters darbojas identiski sagatavotajas
cirsmu dalas ar markétiem kokiem. Harvestera operatora uzdevums — konkrétajos
tehnologiskajos koridoros ievérot vienu noteiktu parbraucienu attalumu starp
stavpunktiem. Harvestera stavpunktu mainas iedalitas p&c parbraucieniem triju veidu
attaluma:

» mazs (1.5-2.0m);

»  vidgjs (2.1 — 5.0 m);

» liels (5.1 - 8.0 m).

Labakai izpratnei 2.5. att. paradits harvestera parbraucienu attalums (A) starp
stavpunktiem uz tehnologiska koridora.

Noteiktais parbraucienu attalums konkrétaja tehnologiskaja koridora tika
ieveérots, ko nodroSinaja harvestera iebuvetais odometrs, kura radijums maSinas
operatoram nepartraukti bija redzams uz datora monitora. Pielietota metode ir
pietickami preciza un drosa, tadel iesp&jamiba, ka operators varétu parkapt noteikta
parbrauciena attaluma robezas, ir nebiitiska.

Lidzigi iepriek$&am izm&gindjumam, ari Soreiz péc harvestera darba beigam
tika apsekotas iezZimétas cirsmu dalas un saskaititi neizvaktie markétie koki. Paral&li
atzimgjot, péc kada parbraucienu attaluma konkrétaja tehnologiskaja koridora
parvietojies harvesters. Pe&c tam dati ievaditi MS Excel elektroniskajas tabulas un
aprekinats, cik liels % marketo audzes koku netika izvakts.

2.5. att. Harvestera darba zona un stavpunktu attalums (A).
Fig. 2.5. Harvester work zone and pit stop distance (A).
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Izkoptas audzes kvalitate apzinata:

1. novertgjot izkoptas audzes biezumu;

2. izvertgjot atstajamo audzes koku kvalitati.

Pirmaja izméginajuma noskaidrots izkoptas audzes biezums dazada attaluma
no tehnologiskajiem Kkoridoriem. Savukart audzes kvalitates izpéte veikta ipasi
sagatavotos taisnstirveida parauglaukumos. Parauglaukumos péc cirsmas izstrades
saskaititi visi koki, kas veido atstagjamo audzi. P&c tam koku skaits katra parauglaukuma
parrekinats uz hektara. legiitie parauglaukumu grupu dati apstradati, pielietojot
dispersijas analizi. Lai noteiktu datu vidgjo raditaju ticamibas intervalus, veikts arT T-
tests. Atstajamo audzes koku kvalitate izvertéta tam pasam 12 cirsmam un tajos pasos
parauglaukumos, kur izdarits biezuma noveértgjums. Vienlaicigi ar koku uzskaitisanu,
veikta katra paliekosa audzes koka kvalitates novert€Sana.

3. REZULTATI UN DISKUSIJA

3.1. Harvestera raZiba dazada sastava meZaudzes

Pétijuma noskaidrots, ka Latvijas apstaklos noris harvestera darbs krajas
kopsanas cirtés dazada sastava audzes. P&tijuma izmantoti dati par harvestera darba
razigumu, kas izteikts ka laika vieniba - stundd (m® h™') - sagatavotais apalkoksnes
apjoms kubikmetros. Apkopojot izvéleto 100 cirsmu datus, konstatets, ka priezu
tiraudzes vidgja izvacama koka stumbra tilpums ir 0.092 m®, jaukto sugu audzes —
0.085 m?® un eglu tiraudzas — 0.068 m>.

At8kiriba no eglu un priezu audzem, Latvija ir salidzino$i maz vid&ja vecuma
lapu koku tiraudzu. Parsvara sastopamas dazada sastava mistraudzes, kas parasti atrodas
mitras vietas, augligas augtenés un kuram raksturiga liela sugu daudzveidiba. P&tijuma
noskaidrots, ka kopSana S$ados apstaklos ietekm&jusi harvestera darba razigumu;
rezultati uzraditi 3.1. un 3.2. tabula.

Veicot gradacijas klasu salidzinajumu, konstatets, ka harvestera darba
razigums ir butiski atSkirigs priezu un eglu tiraudz&s. Tas redzams 3.1. att€la ticamibas
intervalos. Mistrotu, ka arT eglu un priezu audzu ticamibas intervali ir lidzigi: tatad,
harvestera darba razigums mistraudzes un skujkoku tiraudzes butiski neatskiras. Tadgel,
kopjot Sadas audzes, harvestera darba raziguma raditaju izkliedes diapazons ir visai
plass, un Iidz ar to mezizstradatajiem razigumu bis griiti prognozet, nemot véra ari
mistraudzu sastava dazadibu. Turpreti eglu tiraudzgs, kur standartnovirzes ir
vismazakas, darba razZiguma prognozes problémas neradis.
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3.1. Tabula/ Table 3.1.

Harvestera darba raZiguma (m’ h™) salidzinajums
dazada sastava audzes (T-tests)
Harvester productivity (m*h™) comparison in the stands
of different composition (T-test)

95% ticamibas intervals
Audzes veids Vidajais 95% credibility interval
t df
Type of stand Average
zemakais augstakais
lowest highest
P-tiraudze
(Pine)- pure 18.451 33 3.95794 3.5215 4.3944
stand
E-tiraudze
(Spruce)- pure 19.736 33 3.09176 2.7730 3.4105
stand
Mistraudze/ 14.324 33 3.67294 3.1513 4.1946
Mixed stand
5.00—
wo] T
T 1
=, 3.00
- NS
2.00— o
3.09
1.00—
0.00— T T T
P E M

3.1. att. Harvestera darba raZigums saistiba ar audzes sugu sastavu.
Fig. 3.1. Harvester productivity related to the composition of species in the

16




3.1. attla redzams, ka augstako darba razigumu harvesters uzrada, stradajot
priezu tiraudzgs, otru augstako — mistraudzes, bet zemako - eglu tiraudzgs.

3.2. Harvestera darba laika hronometraza sagatavotas un nesagatavotas
cirsmas diennakts tums$aja laika

Pielietojot krajas kopSanas cirtés harvesterus, mezizstradi var veikt 24 stundas
diennakti. Nemot véra augstas $adu ma$inu iegades izmaksas, harvestera ilgstosas
dikstaves nav pielaujamas. Misdienu tehniskie risindjumi nodroSina gandriz visu
mezizstrades operaciju izpildi jebkura diennakts laika un atkirigos klimata apstaklos.

lepazistoties ar dazadu valstu maSiniz€tas audzu kopSanas pétfjumiem,
secinams, ka maz ir tadu, kas veikti saistiba ar harvestera darbu daZados diennakts
laikposmos. Ta ka miisdienu razoSana plasi izmanto mainu darbu, butiskakais faktors,
kas varétu atSkirigi ietekmét harvestera razibu, ir darbs diennakts gai$aja un tumsaja
laika.

Ka jau minéts ieprieks, krajas kopSanas cirSu harvestera operatoram jabit
pietiekami zino$am meZkopibas jautajumos. Izdarot vairakus izméginajumus nakiti,
konstatéts, ka operatoram $aja laika problematiska ir tieSi izvacamo koku izv€le. Tadg]
tika veikta harvestera hronometraza pilnam darba izpildes cikla laikam, operatoram
apstradgjot pirma stava izvacamos kokus diennakts tumsaja laika. Atseviskas cirsmu
dalas izvacamie koki bija marketi ar luminiscgjosu krasu, bet atlikusajas — izvacamos
kokus harvestera operators izvélgjas péc saviem ieskatiem.

Harvestera hronometrazas datu apstradei izmantots T-tests.

3.2. tabula / Table 3.2

Markeéto un nemarkéto izvacamo koku apstradei patéréta darba laika (s)

salidzinajums
(T-tests)

Comparison of the work time (s) spent on the processing of the marked and

unmarked trees to be removed

(T-test)
Izvacamie Standart- | Standart 95% ticamibas intervals
koki ¢ novirze kluda Vidgjais | 95% credibility interval
Trees to be Standard | Standard | Average zemakais | augstakais
removed deviation error lowest highest
Marketi | 2506 | 4823 0.744 54.381 52.878 55.884
Marked
Nemarketi |- g) 29 | 4 477 0.691 64095 | 62700 | 65490
Unmarked
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3.2. att. Markéto un nemarkéto izvacamo koku apstradei patérétais
vidgjais darba laiks.
Fig. 3.2. The average work time spent on the processing of the marked
and unmarked trees to be removed.

Att€la 3.2. redzams, ka markéto un nemarkéto izvacamo koku vidgjais
apstradei patérétais darba laiks atSkiras butiski, jo aprékinatie ticamibas intervali
savstarpgji neparsedzas. No 3.2. att€la secinams, ka izvacamo mark&to koku apstradei
paterétais vidgjais darba laiks ir par 15 % mazaks, neka izstradajot nemark&tos kokus.
Tas liecina, ka, harvesteram stradajot diennakts tums$aja laika, darba razigums
sagatavotajas cirsmu dalas biis krietni augstaks, neka nesagatavotajas cirsmu dalas.
Nemot veéra tik bitiskas koku apstrades cikla laika atSkiribas, meZizstrades firmam
vajadz&étu pielietot izvacamo koku markéSanu tajas audzu platibas, kur paredz&ta
maginizéta kopSana nakti. Saja pétijuma izvacamo koku marké$ana aizpéma ~ 1
cilvekstundu uz hektara, pie nosacijuma, ka mark&sana izdarita visa cirsmas platiba.

3.3. Parredzamibas novértéjums no dazadu marku harvesteru kabiném
Parredzamiba noveértéta no harvestera operatora darba vietas — kabines.
Izméginajumi veikti péc iepriek§ aprakstitas ,,enu” metodes, ar tris dazadu marku un
konstrukciju kopSanas cir§u harvesteriem (Valmet 901.4, Ponsse Beaver un John Deere
1070d), kuriem kabinu un hidromanipulatoru izvietojums ir atskirigs.
legiitie dati katram harvestera tipam apkopoti 3.3. tabula un grafiski paraditi
3.3. attela diagramma.
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3.3. tabula/ Table 3.3
Parredzamibas salidzinajums no dazadu harvesteru kabiném
Comparison of visibility range from different harvester cabins

Apénota
Harvestera marka, Meérvieni Redzama laukuma dala
modelis bas laukuma dala % % Kopa
Harvester make, Measurin | Visible part of Sections Total
model g unit field % covered by
shadow%
m 44.1 259 70
Ponsse Beaver
% 63 37 100
m 42.0 28.0 70
John Deere 1070d
% 60 40 100
m 37.8 322 70
Valmet 901.4
% 54 46 100
60—

5 40+

20—

Neaizsegta redzeslauka lielums %
/ range of uncovered field

I
Ponsse JohnDeere Valmet

3.3. att. Parredzamibas salidzinajums no dazadu harvesteru kabinem.
Fig. 3.3. Comparison of visibility range from cabins of different harvesters.

Ar 3.3. tabula ieklautajam meérvienibam (m) izteikts p&tjjuma nosprausta

taisnstlira perimetra dalas garums (skat. 2.4. att.), kas sadalas apénotaja dala un &nas
nenosegtaja dala jeb redzamaja laukuma dala. Kopgjais taisnstiira perimetrs ir 70 m.

19




No 3.3. att€la secinams, ka neaizsegta redzeslauka diapazons, skatoties no
harvestera operatora kabines, dazadu marku masinam ir atskirigs. Labaks tas ir Ponsse
Beaver kopsanas cir§u harvesteriem, kuriem neaizsegta laukuma dala ir vislielaka —
63%. Otrs labakais raditajs ir John Deere 1070 harvesteriem — 60%, bet sliktakais -
Valmet 901.4 harvesteriem, kas skaidrojams ar savdabigo hidromanipulatora
izvietojumu attieciba pret kabini. Parredzamiba ir viens no svarigakajiem raditajiem,
kas noteikti izvert€jams, iegadajoties harvesteru: to par butisku uzskata ari vairaki
Skandinavijas valstu harvestera ergonomikas pétnieki (Brunberg, 1997; Lageson, 1997).

3.4. Harvestera darba novertejums sagatavotajas cirsmas

Pétjjuma izvacamo koku aizsniedzamibas noverojumi veikti speciali
sagatavotas cirsmas. Ari Soreiz izvacamie koki mark@ti ar luminiscgjosu krasu, lai
neviens no tiem nepaliktu harvestera operatora nepamanits. Koki marketi, strikti
ievérojot mezkopibas prasibas. Pirms harvestera darba uzsakSanas izstradei
sagatavotajas cirsmas katra operatora uzdevums - stradat péc ierastas tehnologijas un
tempa, izvacot tikai mark@tos kokus, kas pirms tam jau katra cirsma bija uzskaitti.

Péc cirsmu izstrades tika noskaidrots markéto, neizvakto koku skaits un
procentuali aprékinats, kads daudzums izvacamo koku palicis izkoptaja audze. Rezultati
skatami 3.4. tabula.

3.4. tabula / Table 3.4.

Izvacamo koku sadalijums pirms un péc maSinizétas kopSanas
Distribution of the the trees to be removed before and after machine
operated thinning

l\gli:i,(tito i]:r(:;u Markéto, neizvakto
. . _p koku skaits péc % no marketo
CirsmasNr. izstrades N .
No of felling site Number of marked izstrades koku skaita
Number of marked | % of marked trees
trees before )
- trees aftyer cutting
cutting
1 408 15 3.7
2 245 18 7.3
3 252 13 5.2
4 165 9 5.5
5 234 10 43
6 241 8 3.3
7 361 18 5.0
8 192 11 5.7
9 315 12 3.8
10 360 24 6.7
11 288 12 4.2
12 336 16 4.8
Kopa Total 3397 166 4.9
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No 3.4. tabulas secinams, ka vidgji 4.9 % no izvacamajiem kokiem palikusi
audzg tiesi to neaizsniedzamibas d&]. Lai nepazeminatos kopsanas intensitate, harvestera
operatori dazkart izvac tikai vieglak aizsniedzamos kokus, tiSi ignorgjot mezkopibas
prasibas. Godpratigakas mezizstrades firmas péc audzes izkopSanas dazkart noriko
meZkopjus, lai tie ar rokas motorzagiem izstrada harvestera neaizsniegtos kokus.

3.5. Harvestera darba novértéjums pie daZzadiem stavpunktu attalumiem

Harvestera stavpunkti un stavvietu maina uz tehnologiska koridora parsvara
apzinata ergonomikas un tehnologijas pétijumos. Savukart §1 darba ietvaros izvertéts
harvestera darbs kopsanas cirté pie dazadiem stavpunktu attalumiem, respektivi, kada ir
harvestera iesp&ja no konkréta stavpunkta aizsniegt izvacamo (markéto) koku.
Harvestera stavvietu mainas iedalitas p&c parbraucienu attaluma:

» mazs (1.5-2.0m);

»  vidgjs (2.1 — 5.0 m);

» liels (5.1 —8.0 m).

Lidzigi iepriek$&jiem ar $ie izmégindjumi izdariti speciali sagatavotas cirsmu
dalas, kur pirms kopSanas izvacamie koki marketi. P& harvestera darba katra
tehnologiskaja koridora saskaititi markétie, bet neizvaktie koki, atzimgjot ari kadu
parbraucienu attalumu konkrétaja koridora veicis harvesters. Dati apkopoti un apstradati
ar MS Excel; ievérojot konkréta parbrauciena attadlumu, aprékinats, kads daudzums
markéto koku palicis neizvakts. Rezultati uzraditi 3.4. attéla.

8

5

Unremoved trees %
N

Liels (5-8m) Vidgjs (2-5m) Mazs (1.5-2m)

Neizvakto koku dala %

Parbraucienu veids
Distance of the trips

3.4. att. Marketo neizvakto koku daudzums péc masinizétas kopSanas.
Fig. 3.4. The number of marked unremoved trees after machine operated
thinning.

No 3.4. attéla secinams - jo parbraucienu attalums starp stavpunktiem
harvesteram bijis lielaks, jo vairak palicis neizvakto koku. Palielinot parbraucienu
attalumu, pasliktinas izvacamo koku aizsniedzamiba un izkoptas audzes kvalitate.

Praks€ harvestera operators parbrauciena attalumu pieméro konkrétas vietas
situacijai audzg. Ja taja vieta audze ir biezaka un izvacami vairaki koki, tad
parbrauciena attalums pa tehnologisko koridoru bus mazaks, turpreti, ja audze
konkrétaja vieta ir retaka, parbrauciena attalums bus lielaks. Veicot parbraucienu
mazakos attalumos, konkrétas vietas izkopSana harvesteram aiznem ilgaku laiku, kas

21



var samazinat darba razigumu, ka arT var biit viens no iemesliem, kad€] operatori
dazkart izvelas parak lielus parbraucienu attalumus.

3.6. Izkoptas audzes biezuma izvértéjums

P&étijuma novertéts izkoptas audzes biezums dazados attalumos no
tehnologiskajiem koridoriem. Audzes sleja starp koridoriem tika sadalita tris vienadas
dalas, katra ierikojot vienu taisnstiirveida parauglaukumu, kura platiba 100 m? (2.3. att).
Parauglaukumos ir noteikts atstato koku skaits, kas parrékinats uz hektara.
Parauglaukumi izraudziti ta, lai parauglaukumu grupu PL3 varétu izkopt virziena uz
neizstradatas audzes pusi, bet otru, malgo parauglaukumu grupu PL2 - blakus
izstradatajai audzes dalai.

levakta informacija pa parauglaukumu grupam apstradata, izmantojot
dispersijas analizi. Lai ieglitu datu vid§jo raditaju ticamibas intervalus, veikts arT T-
tests. Rezultati paraditi 3.5. tabula, ka ar1 grafiska veida 3.5. attela.

3.5. tabula / Table 3.5.
Izkoptaja audze atstato koku skaita salidzinajums (T-tests)
Comparison of the number of trees left in the thinned stand (T-test)

Parauglaukumu Standart- | Standart- 95 Zﬁ’ tica?gl.’ﬁs i‘.’tewmi
grupas ( novirze klada Vidajais | 9% credibility interva
Sample plot Standa_lrd Standard Average semakais augstakais
groups deviation error lowest highest
PL3 20.994 135.443 39.099 821 734,777 906.889
PL1 25.550 149.658 43.203 1104 1008.745 1198.922
PL2 17.938 137.850 39.794 714 626.248 801.419
1200.004 —l_
:mj 1 000.007 L
: __
E 800.00— T
Z 1
60000
3 1104
-‘_g 400.00 821 714
Z2
=}
B 200.00
0.00~ I T T
PL3 PL1 PL2

Parauglaukumi / Sample plots
3.5. att. Izkoptas audzes nevienmérigums attieciba pret tehnologiskajiem

koridoriem.
Fig. 3.5. Non-uniformity of the thinned stand in relation to strip roads.
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No 3.5. attela secinams, ka dazadi izvacamo koku aizsniedzamibas apstakli ir
par iemeslu tam, ka meZaudzes slejas vidusdala - starp tehnologiskajiem koridoriem -
turpmakai aug8anai atstati butiski vairak koku neka slejas malas blakus tehnologiskajam
koridoram. Tadgjadi mezaudze ir izkopta nevienmeérigi, galvenokart koku
neaizsniedzamibas, masinizetas kopSanas tehnologijas nepilnibu un, dazkart, operatora
pavirSibas dgl.

Harvestera operators, stradajot uz tehnologiska koridora, abu piegulo$o
pussleju dalas noverte atskirigi: pussleja, kas atrodas blakus izstradatajai audzes dalai
tiek izkopta intensivak neka pussleja virziena uz neizstradatas audzes pusi, tau S§is
atSkiribas nav biitiskas.

4. PROJEKTI UN JAUNIEVEDUMI

4.1. Izvacamo koku uzskaites ierice harvesteram

Krajas kopSanas cirteés viens no galvenajiem un kontrolg§jamiem
mezsaimniecisko prasibu nosacljumiem ir pietiekams paliekosas audzes skérslaukums.
Bitisks ir arT palickosas audzes koku vienmeérigs izvietojums, t.i., lai uz katras izkoptas
platibas vienibas atrastos vienads vai lidzigs koku skaits. ~ Ta ka iepriek§ minéta
probléma ir nozimiga, veicot masiniz€tu krajas kopSanas cirSu izstradi, Saja darba
mekl&ts iesp&jamais risinajums — izveidot harvesteram izvacamo koku uzskaites ierici.

Vispirms izdarama harvestera darba zonu matematiska analize. Lai
mezizstrades masina — harvesters — biitu izmantojams krajas kopsanas cirtés, svariga ir
ta tehnisko parametru atbilstiba darba vides apstakliem. Vertgjot harvesteru piemerotibu
krajas kopSanai specialisti atzist, ka galvena probléma ir izvacamo koku
aizsniedzamiba, t.i., izstradei paredz&to koku mehaniska satver§ana un turpmak veicamo
manipulaciju izpilde, lai vélak apstradatos un péc sortimentiem sakartotos
kokmaterialus (koku stumbra dalas) parvietotu no mezaudzes uz krautuvi. Svarigakais
$aja procesa ir audzgé izvacamo koku izvéle un to satverSana ar meZizstrades masinas
darba galvu.

Operaciju sist€mas vadiSanai lieto Tpasas programmu paketes: John Deere
masinas - ,,Timbermatic™ 300”. Harvesteram stradajot, ,,Timbermatic™ 300” sist€ma
kontrole harvestera galvas pacel$anas rami, padeves veltpus, atzaro$anas nazus un
zagesanu, bet stumbru padeves laika nepartraukti seko stumbra garuma un caurméra
skaitliskajiem lielumiem, ka arT zaga sliedes stavoklim zagéSanas laika.

Kopsavilkuma 3.6. nodala ietverti veikto izméginajumu rezultati: mezaudzes
slejas vidusdala - starp tehnologiskajiem koridoriem - atstats ievérojami vairak koku
neka slejas malas, blakus tehnologiskajam koridoram. Praksé mezsaimniecisko prasibu
ievéroSanas kontrole biezi notiek p&c izstrades pabeigSanas, un ta rezultata iegiita
informacija ir tikai faktus konstatgjosa. Lai noverstu atklatas nepilnibas, biitu jaatgriezas
darbu izpildes sakumposma, kas butiski sadardzinatu un paildzinatu tehnologisko
mezizstrades procesu.

Ieprieks, 3.6. nodala, minétie rezultati liecina, ka harvesteru vadibas sistema
nepieciesams ieslégt kontroles mehanismu, kas uzskaititu izvacamo koku atrasanas
vietas attieciba pret tehnologisko koridoru.

Darba iegiitais, pec krajas kopSanas paliekosas mezaudzes koku izvietojuma
teorétiskais kontroles algoritms balstits uz §adiem pienemumiem:

1. sakotngji visu koku izvietojums cirsma ir vienmerigs;
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2. izvakSanai paredzgtie koki cirsma izvietojas starp augSanai atstdjamiem
kokiem;

3. harvestera operators katra tehnologiska koridora stavvieta izkopj abas
piegulo$as joslas un vidusjoslas abas puses (sk. 4.1. att.);

4. viena darba stavvieta izvakto koku skaits ir proporcionals tai platibai,
kuru var apstradat harvestera hidromanipulators.

Nemot véra mingtos pienémumus, izvertétas harvestera hidromanipulatora

iesp&jas darba zonas horizontalaja plakng (sk. 4.1. att.).

I
|
|
|
|
I

4.1. att. Harvestera hidromanipulatora darba zona horizontalaja plakne.
Fig. 4.1. The work zone of harvester boom in horizontal plane.

P&c tehniskajiem raditajiem harvestera hidromanipulatora darba zonas forma
veido 270° no pilna apla ar maksimalo radiusu 10.0 m un minimalo radiusu 2.0 m, un ta
ir simetriska tehnologiska koridora garenasij. Izmantojot apla laukuma formulu, darba
zonas (S) kopplatiba ir:

S=(@xR%x0.75)— (1 x 1* x 0.75) ,

kur

n=3.14;

R-maksimala hidromanipulatora izlice;

r - minimala hidromanipulatora izlice;

0.75 — koeficients, kas raksturo darba zonas lenka raditaju.

Aprékini liecina, ka kopplatiba S ir vienada ar 226 m?, bet ta ki darba zonas
dala, kur atradisies tehnologiskais koridors, paredzéta visu koku izcir$ana, ta izslédzama
no kopplatibas S. Tatad darba zona, kur janodroSina vienmérigs paliekoso koku
izvietojums, Sd nosakams péc formulas:
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Sd =S — Stk, 4.2)
kur
Stk =4 x (R-r), (4.3)
rezultata Stk =32m”un Sd =194 m*

Nemot vera, ka harvestera darbs krajas kopSanas cirtés notiek abas
tehnologiska koridora pusés, tad Sd /2 = 97 m®. T. Rozina 1976. gada konstatgjusi, ka
manipulatora tipa mezizstrades masinam optimali piemérotakais parbrauciens ir tads,
kas atbilst bazes masinas garumam (3-5 m), un kuru pielietojot, iesp&ams aizsniegt
92% no izvacamajiem kokiem (Posums, 1978). Sads raditajs bija pienemams
20. gadsimta 80-jos gados, bet misdienas vairs neatbilst krajas kopSanas cirSu
mezsaimnieciskajam prasibam.

4.1. attela redzams, ka koku izcirSana notiek gan 1. josla, gan pus€ no
meZaudzes vidusjoslas. Pielietojot geometrisko figiru platibu aprékina formulas, 1.
joslas darba zonas platiba nosakama ka komplicgta platibu summa S1, bet darba zonas
platiba vidusjosla - ka starpiba starp:

S2 =(Sd/2) -S1 (4.4)
Aprekini rada, ka: S1=63.5m?un S2 =33.5m?.

Nemot véra iepriek§ min&tos pienémumus par izvacamo koku vienmeérigu
izvietojumu cirsma, darba zonu attieciba pa joslam attieksies arl uz izvacamo koku
skaita proporciju:

S
5—2 =33.5 + 63.5 = 0.53 vai otradi (1.89)
1
Katra harvestera darba stavvieta - tehnologiskajam koridoram piegulo$aja

josla izvakto un apstradato koku skaitam (2.0 m - 7.0 m no hidromanipulatora izlices)
jabiit 1.89 reizes lielakam, neka talakas darba zonas vidusdalas pusjosla. Kontrolgjot
iepriek$ minéto attiecibu, panakams vienads paliekoSo koku skaits uz platibas vienibas
(piem. 100 m?) izstradatajas joslas, ka arT atstijamo koku skaits visds joslas starp
tehnologiskajiem koridoriem biis tuvs vienadam. Sadi izkopta meZaudzé koku
izvietojums biis vienmérigs. Balstoties uz Siem teorétiskajiem aprékiniem, ir istenojama
harvestera darbibas kontroles sisttma, kura laus harvestera operatoram panakt
vienmerigaku atstajamo koku izvietojumu izkoptaja audze.

Lenku kontroles sensors ir piestiprinats pie hidromanipulatora nekustigas
dalas un signalus sanem uztvéréjs pie hidromanipulatora kustigas kolonnas. Izlices
attaluma kontroles sensors atrodas hidromanipulatora liekuma vieta - teleskopiska
posma talakaja punkta. Parraugot hidromanipulatora pagrieziena lepki un izlices
raditaju, nosakama darba zona, kura atrodas cirSanai paredzétais koks. Pieméram, ja
harvestera darba galva atrodas lenka (7) diapazona un izlice ir 2.82 m — 7.0 m, tad
cértamais koks atrodas piegulosaja josla. Tiklidz hidromanipulators sasniedz lenki (a) ,
pie izlicém 7.0 m - 10.0 m (w; — w) , koku iznem$ana izdarama vidusjosla. Tas pats ir
ari tad, kad hidromanipulators atrodas lenka sektora, ka spogulattéla tehnologiska
koridora pretgja puse. Ieguta informacija ievadama harvestera bortdatora vai ari vadibas
sist€émai pievienojama skaitlojama ierice.

4.2. Mezizstrades masinas izvacamo koku
aizsniedzamibas modelis
Sistémas ,harvesters — darba vide” realiz€Sanai nepiecieSams izveidot
mezizstrades darbiem piemérotu mezaudzes modeli. Miisdienas izstradati vairaki
atskirigi modeli:
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1. mezaudzu modeli bez atsevisku koku teritoriala izvietojuma;
2.  meZzaudzes modeli ar atsevisku koku izvietojuma koordinatam.

Izvacamo koku aizsniedzamibas novért€jumam piemeroti tikai mezaudzes
modeli ar koku izvietojuma koordinatam, jo harvestera darbs notiek horizontalaja
plakn@. Aizsniedzamibas aspekta taksacijas raditaji nav butiski, toties nepiecieSamas ir
izvacamo koku matematiska centra (punkta) koordinatas ( xi; yi).

Nepieciesamibas gadijuma mezaudzes modelis papildinams ar vajadzigajiem
parametriem, pieméram, koku caurméru, koku augstumu u.c., kas preciz€s modela
pielietojamibu.

Latvijas mezaudzem raksturigi §adi koku izvietojuma veidi:

1. vienmérigs izvietojums;

2. vienmérigs izvietojums p&c geometriska principa (rindu stadijumi);

3. koku izvietojums grupas (parsvara melnalk$nu audzgs).

Ta ka $aja darba izzinati tikai koku aizsniedzamibas modela darbibas principi,
detalizetak apliikosim pirmo variantu. P& varbiitibas likuma pie vienmériga koku
izvietojuma koku matematisko centru koordinatas izsaka formula:

X=y-A
Y=7y-B
kur
Y — nejausi generétais skaitlis intervala [0,1];
A, B — mezaudzes taisnstiira gabariti (m).
Saja gadijumd mezaudzes model&3ana ir vienkarota, bet pilnigi pietickama,
lai, pielietojot mezizstrades masinu — harvesteru, noteiktu izvacamo koku
aizsniedzamibu.

Koku aizsniedzamibas modela butibas labakai izpratnei palidzés $ads
piemérs: Cirsma ir kvadratveida - 100 m x 100 m = 1 ha, 1000 koki uz ha. Pienemsim,
ka audzi veido vienas sugas un vienada izméra koki (skat. 4.2. att.). Attalums starp
tehnologiskajiem koridoriem - 20 m, tehnologiska koridora platums - 4 m. Harvestera
operatora uzdevums — izstradat $o platibu , izvacot 40 % audzes koku un vienmér veicot
tikai lielo parbrauciena attalumu - 8 m starp stavvietam.
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m
4.2. att. Mezaudzes modelis ar 1000 kokiem.
Fig. 4.2. Forest stand model with 1000 trees.
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Ta ka visi tehnologiskie koridori ir vienadi un atSkiras tikai to izvietojums,
apskatisim tikai vienu no tiem, un noverte€sim situaciju atbilstosi model&jamai audzei.
Viena tehnologiska koridora laukums: S = 4m - 100m = 400 m?, kas aizpem

200 _ 0.04,jeb 4% no audzes kopplatibas. Lidz ar to tehnologiskaja koridora

100-100
attiecigi jaatrodas 4% no visiem kokiem, tatad 4% no 1000 = 40. Modelgjot $1 pieméra
meZaudzi, pirmaja tehnologiskaja koridora ir 36 koki, kas aptuveni atbilst 4%. Apskatot
atlikusos Cetrus tehnologiskos koridorus, situacija ir mazliet atSkiriga: viena koridora ir
nedaudz mazak neka 4%, bet cita nedaudz vairak koku.

Ta ka izvacamie sastada 40% no visiem (1000) audzes kokiem, tad 40% no
1000 ir 400 izvakSanai paredz&to koku. No tiem puse, ti. 200, atrodas uz
tehnologiskajiem koridoriem, tatad aizsniedzamibas problémas harvesteram varétu biit
ar atlikusajiem 200 izvacamajiem kokiem.

m

m

4.3. att. Harvestera darba zonas nenosegta platiba pie parbrauciena
attaluma 8 m.
Fig. 4.3. The uncovered work zone area of the harvester at travel
distance of 8m.

Pievérsisimies pirma tehnologiska koridora kreisas mezaudzes pusslejas
harvestera nenosegtajai darba zonai (skat. 4.3. att.) Apskatot oranzi iekrasoto platibas
segmentu, konstat€jam, ka tas ir taisnlenka trijstaris, kura hipotentiza ir 10 m un katetes

2
atbilstosi 5VZ ~7.07 m. Tad trijstara laukums ir &2 = 25m2 No audzes

kopplatibas tas aizpem ﬁz 0.0025 = 0.25%. AtbilstoSais koku skaits Saja

laukuma vargtu biit 2.5; konkrétaja piemera tas ir viens koks (turklat izvacamais), kas
aug loti tuvu darbibas zonai.

Pievérsisimies zili iekrasotajam platibas segmentam (4.3. att). Ja apskatam
taisnstiiri, kura koordinatu sakumpunkts sakrit ar ta virsotni, bet masinas centrs - ar
taisnstlira pret€jo virsotni, atbilsto$a segmenta laukums aprékinams, ja no taisnstiira
laukuma atnem sektora laukumu un atbilstosa taisnlepka vienadsanu trijstiira laukumu.

Seaisn = ab=10-7.1=71 (4.6)
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a? B 7.12

Strijst = ? = T =~ 2521
g _nRz-(p_n-102-45° 39.27
sekt = 360° ~  360°

§=71-2521-39.27 =10.52

10.52
100-100

Sis laukums veido dalu no visa laukuma: ~ 0.0011 = 0.11% vai 1.1

koks. Pieméra gadijuma atstajamais ir viens koks.

Zali iekrasoto platibas segmentu varam sadalit divas dalas. Aprékinu
izdarisim tikai pusei laukuma, ieglito rezultatu palielinot 2 reizes, tad v&l 11 reizu, jo
tadu apgabalu pavisam ir 11.

Noteiksim divu ripku Imiju krustpunktu, izmantojot rinka Iiniju
vienadojumus:

(x—10)2+ (y —7.1)2 = 10%2 = (x — 10)2 + (y — 15.1)%2 — 102

Rezultata iegistam y = 11.1. tad x = 0.83.

_1 TP .
Ssegm = ERZI(@ — sin 2)3 o 4 4.7)
_1 g2, (T 23:58° _> ~
Ssegm 2 ( 180° 10 0.58

S =4-(10-102 - 42) - 058 ~ 2.74
Apsekojot visas harvestera darba zonas, kur masSinas parbrauciena attalums

bijis 8 m, konstatejam, ka p&tamaja cirsma (piemeérs) harvestera darba zonu ietvaros
nebls aizsniedzami 4 izvacamie koki un 1 koks arpus zonas, tatad pavisam 5 koki.
Aprékinot procentuali, % ~ 0.025 = 2.5%. Tatad pie $adas, teorétiski pienemtas,
situacijas harvesteram neaizsniedzami biis 2.5% no izvakSanai paredzétajiem kokiem.

Lidzigi aprékinams, kads daudzums izvacamo koku nebiitu aizsniedzami pie
dazada audzes biezuma, koku izvietojuma un atskirigiem harvestera parbrauciena
attalumiem.

Nopamatojot mezizstrades masinas koku aizsniedzamibas modela principus,
iespgjams izveidot datorprogrammu, ar kuru batu aprékinami harvestera operatoram
optimalakie parbraucienu attalumi konkrétas audzes apstaklos. Lai $adas
datorprogrammas pielietoSanas rezultati blitu parliecinosi, sakotngji ievacama
detalizétaka informacija par audzi un tas taksacijas raditajiem:

koku izvietojumu;
»  sugu sastavu;
» mezaudzes staviem;
» sakotngjo audzes biezumu;
»  vidgjo atstajamo un izvacamo koku caurméru u.c.

Apzinoties Latvijas mezaudzu daudzveidibu, jaatzist, ka veiktos aprékinus
varétu sekmigi pielietot viendabigu tiraudzu, ka arf audzu ar rindu stadijumiem izstrade.
Izmantojot izstradato izvacamo koku aizsniedzamibas modeli, butu aprékinams
optimalais harvestera parbraucienu attalums (solis) un no katras pusslejas izvacamo
koku skaits.
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SECINAJUMI UN PRIEKSLIKUMI

Krajas kopSanas cirtés augstako darba razigumu harvesters uzrada priezu
tiraudzés — 3.96 m°h™, pie videja izvacama koka stumbra tilpuma 0.092 m®. Otrs
augstakais darba raZiguma raditajs fikséts jaukto sugu audzes — 3.67 m°h?, pie
videja izvacama koka stumbra tilpuma 0.085 m® savukart zemakais - eglu
tiraudzes — 3.09 m*h™, pie vidéja izvacama koka stumbra tilpuma 0.068 m®.
Veicot gradaciju klasu salidzinajumu, konstatéts, ka butiski atSkirigs harvestera
darba razigums ir priezu un eglu tiraudzgs.

Aprekinatas harvestera darba raZziguma standartnovirzes vislielakas ir mistraudzes,
bet vismazakas - eglu tiraudzgs. Tas nozimé, ka kopjot dazadas mistraudzes, darba
raziguma raditaji ir izkliedéti saméra plasa diapazona, kas mezizstradatajam
apgriitinas prognozet harvestera darba razigumu katra no mistraudzes cirsmam.
Krajas kopsanas cirt€s harvestera vidgjais darba operaciju izpildei pateretais laiks
viena koka apstradei katra no audzes staviem ir buitiski atSkirigs: pirma stava koku
apstradei harvesteram nepiecieSams divreiz ilgaks laiks, neka otra stava koku
apstradei. Salidzinot standartnovirzes un minimalas un maksimalas darba laika
patérina vienibas, konstatéts, ka pirma stava koku apstrades hronometrazas laiki
izkliedeti daudz plasaka diapazona, neka otra stava hronometrazas laiki, kas
skaidrojams ar pirma stava izvacamo koku stumbru un vainagu Ipatnibam
(dubultstumbri, dubultgalotnes, padgli, atseviski resni zari u.c.).

Harvesteram sagatavotajas cirsmu dalas stradajot diennakts tumsSaja laika,
izvacamo markéto koku vidgjais apstrades laiks ir par 15 % mazaks, neka
izstradajot nemark&tos kokus. Marketo un nemark@to izvacamo koku vidgjie
apstrades laiki atkiras bitiski.

Dazadu marku harvesteriem, skatoties no operatora kabines, neaizsegta
redzeslauka diapazons nav izstradajamo platibu vienadi aptveroSs: lielaka
neaizsegta lauka dala ir Ponsse Beaver kopsanas cirSu harvesteriem, nakamie, ka
$aja zina labakie, atzistami John Deere 1070 harvesteri, bet sliktakie redzeslauka
raditaji ir Valmet 901.4 harvesteriem, kas skaidrojams ar savdabigo
hidromanipulatora izvietojumu attieciba pret kabini.

Veicot krajas kopSanas cirtes masinizeti, videji 4.9 % no izvacamajiem kokiem
tieSi neaizsniedzamibas d€| paliek audzg.

Harvesteram darba procesa parvietojoties starp stavpunktiem ar lielakiem
parbrauciena attalumiem, pasliktinas izvacamo koku aizsniedzamiba, ka rezultata
pazeminas izkoptas audzes kvalitate.

Atskirigie izvacamo koku aizsniedzamibas apstakli ir par iemeslu tam, ka
meZaudzes slejas vidusdala - starp tehnologiskajiem koridoriem - turpmakai
augSanai tiek atstats bitiski lielaks skaits koku (no 15% Iidz 35%), neka slejas
malas, blakus tehnologiskajam koridoram. Tadgjadi mezaudzes tiek izkoptas
nevienmerigi.

Harvestera operators, stradajot mezaudzes tehnologiskaja koridora, abas
piegulosas pusslejas saredz atSkirigi: pussleja, kas atrodas blakus izstradatajai
audzes dalai tiek izkopta intensivak neka pussleja virziena uz neizstradatas audzes
pusi, tacu §is atskiribas nav batiskas.

Izpétes cirsmas palieko$as audzes koku kvalitates izvert&jums péc attiecigajiem
raditajiem atbilst krajas kopsanas cirSu izpildes nosactjumiem Latvija.
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10.

11.

Krajas kopSanas cirSu harvesteriem nepiecieSams uzstadit promocijas darba
izstradato izvacamo koku uzskaites ierici, kas paaugstinatu darbu izpildes
razigumu un kvalitati, ka arT nodroSinatu mezaudzes vienmérigaku izkopSanu.
Pielietojot promocijas darba nopamatoto mezizstrades masinas koku
aizsniedzamibas modela principus, ieteicams izveidot datorprogrammu, ar kuru,
veicot attiecigus aprékinus, bltu nosakami harvestera operatoram optimalakie
parbraucienu attalumi katra konkrétaja cirsmas dala.

Darba izvirzita hipotéze, ka izp&tot un pilnveidojot masinizétas mezizstrades

tehnologiju krajas kopSanas cirtés, iesp&ams uzlabot izkopto mezaudzu kvalitati,
nodroSinot vienmérigaku atstato koku izvietojumu, ir apstiprinajusies. To pierada
pétijumu rezultatos iegitais 4., 5., 6., 7., 8., 10. un 11. secindjums.

Balstoties uz hipotézi un veiktajiem pétjumiem, Saja darba piedavati divi

jaunievedumi:

1.

izvacamo koku uzskaites ierice harvesteram, kuras ievieSana praksé nodroSinatu
augstaku darba raZigumu un darba kvalitati, ka arT mezaudzes vienmérigaku
izkopSanu;

matematiski pamatotais mezizstrades masinas izvacamo koku aizsniedzamibas
modelis, ar kura aprékinu rezultatiem harvestera operatoram biitu nosakami
optimalakie parbraucienu attalumi katra konkrétaja cirsmas dala.
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GENERAL CHARACTERISTICS OF THE RESEARCH

Topicality

Forest as an ecological system goes through several stages in its development
cycle. One of the most significant stages is that of medium age, when the new forest
stand turns into a mature forest. Historically over a long period of time the dominant
view was that in this period the growth of forest stand is self sufficient and the human’s
participation in this process is not needed. However, there were foresters who suggested
establishing forest stands by using cutting methods, although the prevailing view was
that the cutting of trees before the rotation is not needed.

In Western Europe it was the first sign of shortage of wood that made people
pay serious attention to the forest as a rich and perspective resource of wood over the
entire period of its growth. It was found that during the growth of the forest the number
of trees over the period from young stand to mature forest can decrease even 15 times —
from 10-15 thousand trees per ha to 400 - 800 trees per ha due to competition among the
trees and also because of the impact of forest pests and diseases.

In order to compensate the shortage of wood, foresters started to cut down the
trees which were stunted in growth, calling this activity — commercial thinning. Over
time the opinions on forestry and silviculture changed, and it was acknowledged that by
using commercial thinning it is possible to grow the forest and obtain additional amount
of wood for the needs of economy. Commercial thinning of the standing volume
improves the quality of trees ensuring a wider space for the trees to grow. The aim of
the commercial thinning of the standing volume is to gain a maximum income from
growing of the forest. In commercial thinning undesirable tree species are to be
removed, as well as the diseased, damaged and surpressed trees of the main species and
low value trees of the intermediary stand. If it is allowed according to regulations also
the trees from the main stand (Buss, 1981) should be removed. As a result, target stand
models suitable for particular forest growth types were developed in all the developed
forestry countries.

Up to the 60s — 70s of the 20th century commercial thinnings were carried out
in a non-mechanized way, using hand saws and horse traction power (Salins, 1997). An
active and extensive introduction of new machines, mechanisms and technologies in
logging promoted the use of commercial thinning. As a result of the use of logging
machinery it was acknowledged that there is no universal machinery which would be
suitable for both removal of big mature trees in final felling and small diameter tree
felling in commercial thinning.

Alogside with the introduction of machine operated work in logging, the
research into the factors influencing the use of forest machinery started. The task of
machine operated technology in final felling is to ensure fast and effective processing
of the trees to be cut and the movement of machinery under difficult driving conditions,
whereas, when perforning commercial thinning it is very important that the remaining
stand is left healthy, eliminating the possible damages to the soil as well as the damages
to the trunks and roots of the trees to be left, thus creating optimum growth conditions
for the further development of the target stand.

A wide use of machine operated logging in commercial thinnings is still
hampered by several economic and forestry related factors: the indicators of logging
productivity in terms of industrial scope are not high enough, quite often the regulatory
requirements of forestry related and ecological factors are not met.
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The aim of the doctoral thesis
The aim of the thesis is to research the use of machine operated logging
technology in commercial thinning in Latvia and to work out recommendations for the
improvement of this technology.

Research tasks:

to clarify the factors affecting harvester productivity in commercial thinning;

2. to evaluate the level of tree reachability for harvester type machines in
commercial thinnings;

3. to evaluate the quality of the stand thinned by a harvester;

4. to formulate the operation principles of tree reachability model for a logging
machine;

5. to work out recommendations for improving machine operated logging
technology in commercial thinning.

=

The following hypothesis has been verified within the framework of the
research:
By researching and improving machine operated logging technology in
commercial thinning it is possible to improve the quality of the thinned forests, ensuring
a more even location of the residual trees.

Scientific novelty

A wide scale research on harvester operation in commercial thinnings has
been summarized in the current work. Over the last 25 years no such comprehensive
research of this kind has been conducted before. The current research should be
considered as a continuation of logging machines’ tree reachability theory, developed
by the scientist Tana Rozina at the end of the 70s of the previous century continued by
Aleksandrs Saveljevs at the end of the 80s. The results obtained from the research
demonstrante the drawbacks of the logging technology used today and present the
solutions to avert them.

Practical significance of the research

Basing on the research conducted, 2 innovations have been offered in this
work:

1. A counting device for the harvester for counting the trees to be removed. The
implementation of this device into practice would ensure higher productivity
of work and work quality and it would also ensure a more uniform thinning of
the stand;

2. A mathematically substantiated reachability model for the logging machine
for reaching the trees to be removed, by calculation results of which the
harvester operator would be able to determine the most optimal distances of
the trips in each particular part of the felling site.

The structure and scope of the doctoral thesis
The research paper has been structured in 4 chapters:
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1. Situation analysis, where the potential of commercial thinning in Latvia has
been characterized, a historical insight into the development of machine
operated logging has been presented and the current technology of
commercial thinning has been presented. Additionally, an insight into foreign
research with regard to the factors influencing the productivity of harvester
and the reachability of the trees to be removed by harvesters working in
commercial thinning has been presented.

2. Materials and methodology of research. The chapter deals with different types
of experiments and the methodology of data gathering. Information about the
sample plots, harvesters used in the research and also about the methods used
in data processing has been presented.

3. Results and discussion. This chapter consists of three subchapters where some
research results on harvester productivity , tree reachability and thinned
stands’ quality assessment have been presented.

4. Projects and innovations. This chapter deals with a description of a novelty —
a counting device for the harvester for counting the trees to be removed, as
well as mathematically substantiated reachability model for the logging
machine for reaching the trees to be removed.

Overall, the thesis consists of 92 pages; information has been summarized in
14 tables and 51 figures; 124 sources of scientific literature have been used. It includes
9 conclusions and 2 recommendations for improving machine operated logging
technology.

1. SITUATION ANALYSIS

The territory of Latvia occupies 6.46 mil. ha and the total area of forests is -
3.35 mil. ha, which accounts for 52 % of the state’s territory. The forest territories have
been increasing in recent years. Compared to other Eurpoean countries, Latvia is one of
the richest countries in terms of the forest cover. In Europe forests cover on average
33% of the land territory. When the trees grow the annual increment of wood occurs,
which, according to the current data in Latvia is 16.5 mil.m® per year. Latvia ranks
among the leading European forestry countries with approximately 1.2 ha of forest land
per capita (in Europe this figure is 0.27 ha of forest land). The countries surpassing
Latvia in this respect are Finland, Sweden, Norway and Estonia (LVVMI Silava, 2013).

Latvia’s climatic and geographical conditions are favourable for forest
growth, therefore the prime cost of the production of one cubic metre of wood is 1.3
times lower than in Scandinavian countries. From the beginning of the last century till
present the forest areas in Latvia keep increasing (Fig.1.1). The increase in forest areas
and growing stock are significant indicators of sustainable forest management.

The increase in forest areas is mainly attributed to the natural establishment of
trees in the areas not used in agriculture, and it can also be explained by artificial
afforestation of farmlands. According to the forest statistical inventory data these
changes have taken place over the last 40 years (particularly in the last 10 years), when
every year about 66 thousand ha of unmanaged farmland overgrows with forests. A
purposeful establishment of forests also contributes to the increase in forest area.
Overall, since the beginning of the last century, the forest area in Latvia has increased
almost twofold and in the last twenty years — by 19% (LVMI Silava, 2013).
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In Latvia the maximum allowable cut in commercial thinnings is not limited.
According to the Forest law the commercial thinning is allowed in those cases when the
basal area of the forest stand is greater than the minimum basal area or also in the cases
when there are trees in the stand damaged and/or infested by pests, insects, diseases, and
after the felling the basal area of the stand does not become smaller than the minimum
basal area. According to the Latvian forest management cycle the thinning of each
forest stand has to be performed 2 - 3 times, repeating it every 20 years. The first
thinning should be performed when the stand has reached 20 — 30 years of age and it
should be performed every 15 — 20 years. The last thinning is normally planned 20
years before the final felling.

The data shown in fig 1.2 testify that in the year 2013 in Latvia the wood
processed and traded from commercial thinnings make up 12.4% of the total volume
of wood. The greatest percentage — 79.7 % from the total volume of wood is obtained
from final felling, but the remaining 7.9% - from other types of felling.

Until 2005 it was not possible to use a harvester in commercial thinning in
Latvia because, according to the Cabinet Regulation No 217, the total area of strip roads
arranged for performing commercial thinning in Latvia was not allowed to exceed 12%
of the stand area. Thus, the distances between the strip roads were not allowed to be
less than 30 m and therefore the length of the harvester boom could not ensure a
uniform thinning of the stand between two strip roads along the whole area of the length
of the forest strip To improve the situation, amendments were made in the above
mentioned Cabinet regulation on March 15 2005, which permitted the use of up to 20%
of the total area of forest stand for arranging strip roads. Thus, it was possible to
arrange strip roads at every 20 m, which significantly increased the efficiency of using
harvesters in commercial thinning, ensuring cutting all the planned trees and hauling
them to the strip roads, as well as processing of roundwood.

2. MATERIALS AND METHODS

From the situation analysis of Chapter 1, it can be deducted that the use of
machine operated technology in commercial thinnings is a rather complicated and
complex process. Expensive and innovative logging machines are involved in it and the
operators who need to be professional in operating them, must acquire the basic
knowledge of silviculture and know how to prepare high quality roundwood,
corresponding to certain requirements. However, the implementation of these tasks in
logging to some extent is limited by Cabinet regulations and several legislative acts.

Taking into account the above mentioned aspects, the current research deals
with the use of logging technology in the work of harvester performing commercial
thinning. Less attention has been paid to forwarding which is considered to be a
simpler stage of logging process.

The design characteristics of the experiments conducted is shown in Figure
2.1
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DESIGN OF
EXPERIMENTS

ASSESSMENT QUALITY ] COUNTING DEVICE
OF DIRECT ASSESSMENT FOR HARVESTER REACHABILITY MODEL
WORK OF OF THINNED TO COUNT THE FOR LOGGING MACHINE
HARVESTER STAND | TREES FOR REACHING THE TREES
I_I_I TO BE REMOVED TO BE REMOVED
ASSESSMENT REACHABILITY

OF HARVESTER ANALYSIS OF
WORK THE TREES TO
PRODUCTIVITY BE REMOVED
BY HARVESTER

Fig. 2.1. The design characteristics of the experiments conducted.

As it is shown in Figure 2.1 the research of the thesis is dividend into four
large groups:

1. assessment of harvester direct work, which is subdivided into work
productivity assessment and the analysis of the reachability of the trees to be
removed;

2. quality evaluation of the thinned stand after machine operated logging;

a counting device for the harvester for counting the trees to be removed,;

4. a reachability model for the logging machine for reaching the trees to be
removed. A visual tree stand model developed by means of mathematical
methods and a computer programme which comprises a machine operated
commercial thinning technology for a havester and the calculations of tree
reachability for trees to be removed in diffrent situatons.

The data used in the research were collected in the period from 2008 to 2010:
In 2008 approximately 200 thining areas were surveyed in different stages of logging
operations, starting from the initial stage — timber processing till the final stage —
forwarding the roundwood assortments. Additionally control measurements were made
and different observations were conducted. The information for the basic research was
obtained from 12 different commercial thinning sites, were 600 sample plot groups were
established. The harvesters of three most popular makes and models used in thinnings
in Latvia were used in the tests: John Deere 1070, Ponsse Beaver and VValmet 901.4.

The research of harvester productivity was carried out in a different way with
regard to stand characteristics: the harvester work time counting files from 100 different
commercial thinning sites located in different areas of Latvia were used. The data
obtained from the research have been summarized and statistically processed, using
basically the software programme SPSS 17 and MS Excel. To completely reach the
target tasks of the research, the T —tests, dispersion and correlation analyses have been
carried out. In 2008 and 2009 the research was carried out in 12 different harvester
operated commercially thinned felling sites, which were selected in geographically

w
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different locations of Latvia — in the territory of JSC LVM Zemgale and Central
Daugava forestries.

In all the researched felling sites the trees are dispersed. The stands where the
trees are arranged in rows have not been investigated in this research. As the objects of
research — the felling sites were divided by forest types (Fig.2.2): this figure distinctly
shows that mainly all the selected sites are located on dry forest sites. It was done on
purpose to eliminate different side factors which could impact the work of harvester
during the experiments and thus also the results of the research.

Prior to the thinning, each felling site was prepared according to the specifics
of the research and the aims to be reached. First, according to the traditional scheme, the
strip roads were marked — 20 m between the strip road centres, the width of the strip
roads - 4.0 m. To carry out the research in a rational way, the configuration of all the 12
sites has been chosen rectangular, which makes it easier to carry out certain experiments
The scheme of the site and the procedure of strip road logging are shown in Fig. 2.2.

After this type of loging, rectangular sample plots were established in the
thinned stand; the area of each sample plot is 100 m? (Fig.2.3):

» Two outer sample plots —PL2 and PL3;

»  Central sample plot, located in the middle section of the half-strip — PL1.

In all the felling sites included in the research the sample plots and strip roads
have been established so that the sample plot PL3 would be located in that half-strip
which the harvester processes to the side of the non thinned stand, whereas the sample
plot PL2 — in the half-strip which is harvested towards the side of the thinned stand.

When establishing sample plots, the row of the stand between the strip roads
is dividend into three equal parts. In most cases the width of the strip is 16.0 m, and
therefore the length of each side of the sample plot is — 5.3 m. To have a sample plot
with an area of 100 m?, the length of the other side is 18.87 m. If the width of the strip
is greater or smaller in some location of the felling site’s sample plots, then
correspondingly, the length of the row side has been determined in the way that the
area of each sample plot in all the cases would be 100 m?.

To determine the reachability of the trees for the harvester, the following
procedures were carried out:

1. Assessment of the range of visibility from the cabins of diffrent make
harvesters;

2. Assessment of harvester work in the prepared felling sites;

3. Assessment of harvester work at different pit stop distances.

To assess the range of visibility from the cabins of different harvesters, the
traditional “shadow” methodology developed in 1974. — 1976. - TOCT 12.2.002-74 and
T'OCT 12.2.019-76 was used. Three different make and model commercial thinning
harvesters were used in the experiments — Valmet 901.4, Ponsse Beaver and John Deere
1070d with different placement of cabins and harvester heads. The experiment was
carried out during the dark period of the day, each model of the havester being in a
stationary pit stop outside the forest stand. Afterwards, a rectangular area measuring 15
Xx 20 m was marked around the harvester with 4 stakes, so that the harvester would be in
the centre of the area (Fig. 2.4). In the middle of the harvester cabin at the height of
operator’s head a powerful source of light — a bulb was attached. Again, using the stakes
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the shaded parts of the sides of the rectangle’s area were marked and measurements
were made.

The obtained information was entered into the software programme SPSS 17
and for each harvester model the total shaded and visible parts of the area were
calculated.

The work of the harvester has been evaluated in all the twelve felling sites,
especially preparing forest stand half-strips between the strip roads. According to
forestry requirements and taking into consideration the thinning model envisaged for
each stand, prior to harvesting, in the half-strips adjoining every second strip road the
trees to be removed were marked with fluorescent paint (Figure 2.6. Il and IV strip
road), and therefore the possibility that the harvester operator might not notice some
tree to be removed is doubtful. Simultaneously with marking of the trees to be removed,
their number was also counted. Before starting the work in all the prepared felling sites
each operator was instructed so that when removing only the marked trees the work
would be performed according to a specific technology and at a normal routine rate.
When the work was accomplished the marked parts of the felling sites were surveyed
and unremoved marked trees were counted. Then the data obtained were entered into
the MS Excel electronic tables and the percentage of the unremoved marked trees of the
stand was calculated. The results are presented in subchapter 3.2.2.

Additionally harvester’s work assessment has been carried out depending on
different pit stop distances in three commercial thinning sites:

a) 2nd object , Engure tract, section 287 ;

b) 9th research object, Vecumnieki tract, section 108;

c) 10th research object, Misa tract, section 111.

A more detailed characteristics of sites is presented in Table 2.1.

In two felling sites — 2nd and 9th object — two identical make and model —
John Deere 1070d — harvesters were working with identical — H 745 model working
heads. The maximum length of the boom was — 10.0 m, which ensured the reachability
of the trees at a distance of 10 m from the harvester centre. In the 10th research object
Valmet 901.4 harvester was working and its reachability of trees was also 10.0 m. The
research was carried out during several operator shifts, thus excluding the impact of the
peculiarity of the operator work performance on the research results.

As it was in the previous research, the harvester was functioning identically in
the prepared parts of the felling sites with marked trees. The task of the harvester
operator — to follow one specific distance of the trips between the pit stops on the strip
roads. The harvester pit stop changes are divided according to trips in three types of
distances:

» short (1.5-2.0 m);
» medium (2.1 - 5.0 m);
» long (5.1-8.0m).

For better understanding Fig. 2.5 illustrates the distance (A) of harvester trips
(A) between the pit stops on the strip road.

The definite distance of the trips on the specific strip road was followed, and
it was provided by the odometer (built in the harvester and the recording of the
odometer was visible to the harvester operator on the computer monitor. The applied
method is accurate enough and reliable. Therefore, the possibility that the operator could
violate the limits of a definite trip distance, is insignificant.

Similar to the former experiment, also this time after harvester had finished its
work, the demarkated felling site parts were surveyed and unremoved marked trees

37



were counted , recording after what trip distances in a definite strip road the harvester
makes trips. Afterwards the data were entered into the MS Excel electronic tables and
the percentage of unremoved marked trees of the stand was calculated.

The quality of the stand was assessed:

1. assessing the density of the stand;

2. assessing the quality of the trees to be left.

In the first experiment the density of the thinned stand at different distances
from the strip roads were clarified. The research on the stand quality was done in
specially prepared rectangular sample plots. In sample plots after thinning all the trees
making up the residual stand were counted. Afterwards the number of trees in each
sample plot was recalculated per ha. The obtained sample plot group data were
processed using ANOVA. To determine the credibility intervals the T-test was also
carried out. The quality of the trees to be left in the stand was assessed for the same 12
felling sites and in the same sample plots where the density assessment was carried out.
Simultaneously with counting of the trees the quality of each remaining tree in the stand
was assessed.

3. RESULTS AND DISCUSSION

3.1. The productivity of harvester in the stands of different composition

It has been established in the research how under Latvia’s conditions
harvester operates in commercial thinnings in the stands of different composition. The
data about the productivity of harvester expressed as the volume of processed
roundwood in cubic metres per time unit —an hour (m®h*) were used in the research.
Summarizing the data from the selected 100 felling sites it has been established that in
pure pine stands the average volume of the stem to be removed is 0.092 m?, in mixed
stands — 0.085 m® and in pure spruce stands - 0.068 m®.

Unlike spruce and pine stands, there are comparatively few pure stands of
medium age deciduous trees. Predominantly there are mixed stands of different
composition which are usually found in moist areas, in fertile habitats and their typical
feature is a great diversity of species. It has been clarified in the research how thinning
under such conditions has affected harvester productivity; the results are shown in
Tables 3.1. and 3.2.

Comparing the gradation classes, it was stated that harvester productivity
differs considerably in pure stands of pine and spruce. It is shown in Fig.3.1 credibility
intervals. The credibility intervals of mixed and also spruce and pine stands are similar:
thus, the harvester productivity in mixed stands and pure coniferous stands does not
differ significantly. Therefore, when thinning these stands, the dispersion range of
harvester productivity indicators is quite wide, and, therefore, it will be difficult for the
logger to predict the productivity taking into account also the composition diversity of
mixed stands. In pure spruce stands where the standard deviations are the smallest, work
productivity predictions will not create any problems.

Figure 3.1. shows that the harvester reaches its highest productivity when
working in pure pine stands, the second highest — in mixed stands, but the lowest
productivity - in pure spruce stands.
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3.2. Harvester work timing in prepared and unprepared felling sites
during the dark 24- hour period.

Using harvesters in commercial thinnings logging can be carried out
throughout the 24- hour period. Taking into account the costs of purchasing these
machines, long idle time of a powerful harvester is not permissable. Modern technical
solutions ensure the fulfillment of almost all of the logging operations at any time of a
24 hour period and under different climatic conditions.

Analyzing foreign sources of research on machine operated commercial
thinning it should be concluded that there is insufficient research carried out on
harvester work in diffrent periods of 24 h. As in modern production shift work is widely
practised, the most important factor which could differently affect harvester
productivity, is the work at light and dark period of 24 hours .

As it has been mentioned before, the operator carrying out commercial
thinning shoud be competent in the issues of silviculture. Carrying out several
experiments at night, it was stated that for the operator it is the selection of trees that is
quite problematic at that time. Therefore timing of the harvester was performed using a
chronometer for the full work accomplishment cycle when the operator was dealing
with the first story of the trees to be removed during the dark time of the 24 hour
period. In certain parts of the felling site the trees to be removed were marked with a
fluorescent paint, but in the remaining parts the harvester operator selected the trees to
be removed according to his/her own discretion.

For the processing of harvester timing data the T-test was used.

Figure 3.2. shows that the mean/average time spent on the processing of the
marked and unmarked trees to be removed differs significantly, because the calculated
credibility intervals do not overlap. From Fig. 3.2. it can be concluded that the average
work time spent on the processing of the marked trees to be removed is by 15% less
than logging unmarked trees. It testifies that when the harvester works in the dark time
of the day the productivity of work in the prepared parts of the felling site will be
considerably higher than in unprepared parts of the felling sites. Taking into account
such considerable tree processing cycle time differences, logging companies should use
marking of the trees to be removed in those areas of the stands, where machine operated
thinning has been envisaged at night. In this research the tree marking procedure took =~
1 man hour per ha., on the condition that marking is carried out over the entire area of
the felling site.

3.3. Assessment of the visibility range from the cabins of different make
harvesters

The visibility range was assessed from the harvester operator’s work place —
the cabin. The experiments were carried out according to the previously mentioned
”shadow” method, with three different make and model commercial thinning harvesters
(\VValmet 901.4, Ponsse Beaver un John Deere 1070d), which have different location of
cabins and booms.

The data obtained for each type of harvester have been summarised in Table
3.3 and graphically illustrated in Figure 3.3.

With the measuring units (m) included in Table 3.3 the length of that
perimeter part of the research rectangle is expressed (Fig.2.4.) which is divided into the
shaded part and part not covered by shade or visible part of the field. The total rectangle
perimeter is 70 m.
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From Fig.3.3 it can be concluded that the range of uncovered field of
visibility, looking from the operator’s cabin of harvesters of different make is different.
It is better in the case of Ponsse Beaver commercial thinning harvesters in which the
uncovered field part is the greatest — 63%. The second best parameter is that of ir John
Deere 1070 harvesters — 60%, but the worst is that of Valmet 901.4 harvesters that can
be explained by a peculiar placement of the harvestor boom in relation to the cabin. The
range of visibility is one of the main parameters which should definitely be considered
when purchasing a harvester. It has been acknowledged also by some researches of
harvester ergonomics from Scandinavian countries (Brunberg, 1997; Lageson, 1997).

3.4. Assessment of harvester work in prepared felling sites

The reachability observations of the trees to be removed were made
according to a specially prepared technology and rate, removing only the marked trees
which were previously counted in each felling site. After the thinning the number of marked unremove

From Table 3.4 it can be concluded that on average 4.9 % of the trees to be
removed have been left in the stand just because they were unreachable.To avoid
decreasing the intensity of work, harvester operators sometimes remove only those trees
which are easier to reach, deliberately ignoring forestry requirements. Honest harvesting
companies sometimes after thinning of the stand appoint foresters to use manual power
saws to cut the trees which have not been rearched by the harvester .

3.5. Assessment of harvester work at different pit stop distances

Harvester pit stops and pit location changes on the strip road have been
mainly analyzed in ergonomic and technological researches. Within the framework of
current research the harvester work in commercial thinnings has been assessed at
different distances of pit stops, namely — the possibility of the havrester to reach the
marked tree which has to be removed from a definite pit stop. The pit stop changes
have been grouped according to the distance of the trips:

» short (1.5-2.0 m);

» medium (2.1 - 5.0 m);

» long (5.1-8.0m)

Similar to the previous experiments these experiments have also been
conducted in a specially prepared felling site parts, where the trees to be removed were
marked before the thinning. After the harvester work on each strip road the marked but
unremoved trees were counted , recording also which trip distance on a definite strip
road the harvester has covered. The data have been summarized and processed with MS
Excel; taking into consideration the distance of each definite trip, the number of marked
unremoved trees was calculated. The results are shown in Fig. 3.4.

It can be concluded from Fig. 3.4 — the longer the distance for the harvester to
cover, the greater the number of unremoved trees. By increasing the distance of the
trips, the reachability of trees and the quality of the thinned stand decrease.

In practice the harvester operator /adjusts the trip distance to the definite
situation of the location in the stand. If the stand is thicker/denser in some place and
more trees are to be removed, the trip distance along the strip road will be shorter/less —
mazaks, but if the stand in a definite location is thinner the trip distance will be longer.
Short distance trips take longer time for harvester to thin a definite place, resulting in
lower productivity. It can also be one of the reasons why operators sometimes choose
too long trip distances.

40



3.6. Density assessment of the thinned stand

The density of the thinned stand at different distances from the strip roads has
been assessed in the research. The strip of the stand between the strip roads was
dividend into three identical parts, establishing one rectangular sample plot in each of
them. The area of the sample plot was 100 m? ( Fig.2.3). The sample plots had a definite
number of the trees which was calculated per ha. The sample plots were chosen so that
the sample plot group PL3 could be thinned toward the direction of the unthinned stand,
but the second outer sample plot group PL 2 adjoining the thinned part of the stand.

The obtained information about the sample plot groups was processed using
the Analysis of Variance (ANOVA). In order to obtain the credibility intervals of the
mean parameters of the data, the T-test was also carried out. The results are shown in
Table 3.5. Figure 3.5 shows the results in graphical way.

From Fig.3.5. it can be concluded that different conditions of the reachability
of the trees to be removed can be the reason to the situation when in the middle part of
the strip of the forest stand - between the strip roads - considerably more trees have
been left for further growth than on the sides of the strip adjoining the the strip road.
Thus, the forest stand has been thinned non-uniformely mainly due to unreachability of
trees, shortcomings in machine operated tecnologies and sometimes due to operators’
negligence and carelessness.

When working on the strip road, the harvester operator assesses differently
both parts of the adjoining half - strips: the half - strip located next to the thinned part of
the stand is thinned more intensively than the half - strip in the direction of the
unthinned part of the stand, but the diferences are not significant.

4. PROJECTS AND NOVELTIES

4.1. The counting device of the trees to be removed for the harvester

In commercial thinnings one of the main and controllable requirements of
forestry is a sufficient basal area of the residual stand. Another requirement is a uniform
layout of the stand, i.e. — to have an identical or similar number of trees per each unit of
the thinned area.

As the problem mentioned above is important, when carrying out a machine
operated commercial thinning, this research focuses on finding a possible solution — to
create a counting device for the harvester to record the trees to be cut.

First, mathematical analysis of harvester work zones should be carried out. To
use a logging machine — harvester — in commercial thinnings it is important that its
technical parameters suit the conditions of work environment. Assessing the suitability
of harvesters to commercial thinning, the specialists agree that the main problem here is
the reachability of the trees to be removed, i.e., a mechanical gripping of the trees which
have to be cut and performing of the further manipulations to follow, so that later the
logs arranged by the assortments could be moved from the forest to the landing. The
most important aspect in this work is the selection of trees to be removed and gripping
them with the work head of the the harvesting machine.
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For operation system control special software packages are used. In John
Deere machines it is, Timbermatic™ 300” When the harvester works
the,, Timbermatic™ 300” system controls the harvester head’s lifting frame, feeder
rollers, delimbing knives and sawing, but during the feeding of stems it constantly
follows the numerical values of the stem length and diameter and the condition of the
saw bar during the sawing process.

Chapter 3.6. of the summary includes the results of the experiments: in the
middle part of the row — between the strip roads — much more trees have been left than
on the edges of the row next to the strip road. In practice the control of observing the
requirements often takes place after the accomplishment of thinning and the information
obtained only states the facts. To avert the revealed shortcomings one should turn back
to the initial stage of work, which would make the technological harvesting process
much more expensive and prolong it considerably.

Previously mentioned results in chapter 3.6, testify that in harvester operation
control system it is necessary to switch on a control mechanism which would record the
locations of the trees to be removed with regard to the strip road.

The obtained theoretical location control algorithm of the trees of the residual
stand after the commercial thinning is based on the following assumptions:

1. initially the location of all trees in the felling site is uniform;

2. the trees to be removed are located among the trees to be left for growing

in the felling site;

3. harvester operator in each pit stop of the strip road thins both adjoining

rows and both sides of the middle row (Fig. 4.1);

4. in one work pit stop the number of the removed trees is proportional to

that area which can be processed by the harvester head.

Taking into account the assumptions mentioned above, the possibilities of
harvester boom in the horizontal plane of the work zone have been evaluated ( Fig.4.1).

According to technical specifications the shape of the harvester boom work
zone is 270° of a full circle with a maximum radius of 10.0 m and minimum radius of
2.0 m, and it is symmetrical to the strip road longitudinal axis. Using the common
formula of the area of a circle the total area of the work zone (S)is as follows:

S=(mxR%x0.75)— (n x 1* x 0.75) , (4.1)
where: n=3.14;

R- maximum boom reach ;

r —minimum boom reach;

0.75 — coefficient characterizing the angular parameter of the work zone.

The calculations show that the total area S equals 226 m?, but , since in that
part of the work zone where the strip road will be laid all the trees are envisaged to be
cut, it should be excluded from the total area S. Thus, in the work zone where a uniform
location of the remaining trees should be ensured, Sd is calculated according to the
following formula:

Sd =S — Stk, 4.2))
where
Stk =4 x (R-1), (4.3)
As aresult Stk =32 m?and Sd = 194 m%
Taking into consideration that the harvester works on both sides of the strip
road Sd / 2 = 97 m% In 1976, T. Rozipa found out that the most suitable optimum trip
for the boom type of forest harvesting machines is a trip which matches the length of
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the base machine (3-5 m), and using it 92% of the trees to be removed can be reached
(Po3uns, 1978). This parameter was acceptable in the 80s of the 20th century, but
nowadays it no longer meets the forestry requirements of commercial thinning.

Figure 4.1. shows that the cutting of trees is performed both in the first row
and in the half of the middle row of the forest stand. Using the formulae of geometric
shape area determination, the work area of the 1 st row is determined as a complicated
sum of areas S1, but the work zone area in the middle row — as a diference between:

S2 =(Sd/2) - S1 (4.4.)
The calculations show that: S1 = 63.5m?and S2 =33.5 m.

Taking into consideration the assumptions mentioned before concerning the
uniform location of the trees to be removed in the felling site, the work zone relation by
rows will relate also to the proportion of the number of the trees to be removed:

S
S—z =33.5 + 63.5 = 0.53 vai otradi (1.89)

1

At each harvester pit stop in the row adjoining the strip road, the number of
removed and processed trees ( from 2.0 m to 7.0 m of the boom position) should be 1.89
times more than in the half strip of the farthest work zone middle part. Controlling the
above mentioned relationship, it is possible to achieve an identical number of remaining
trees per unit of area (e.g.. 100 m?) in the thinned strips and also the number of the trees
to be left in all the rows between the strip roads will be close to identical. In the forest
stand thinned in this way the location of trees will be uniform. Basing on these
theoretical calculations a harvester operation control system can be implemented which
will allow the harvester operator to achieve a more uniform location of the remaining
trees in the thinned tree stand.

The angular control sensors attached to the boom head’s rigid part and the
signals are received by the receiver attached to the movable column of the boom. The
boom reach control sensor is positioned in the articulated place of the boom at the
farthest point of the telescopic section. By monitoring the turn angle and parameter of
the boom, the work zone is calculated where the tree to be cut is located. For instance, if

the harvester working head is within a range of angle (=) and the boom reaches are
2.82 m — 7.0 m, then the tree to be cut is located in the adjoining row. As soon as the

boom reaches the angle (@) , at the boom reaches of 7.0 m - 10.0 m {&2'1 ). , the
removal of trees should be done in the middle row. The same The same happens when
the boom is in the angular sector like in the opposite side of the strip road mirror image.
The obtained information is to be entered into the the on-board computer of the
harvester, or a computing device has to be added to the operating control system.

4.2. Reachability model for the logging machine
for reachingthe trees to be removed.

For implementing the system “harvester — work environment” it is necessary
to develop a forest stand model suitable for logging work. Nowadays several different
models have been developed:

1. forest stand models without territorial location of individual trees;
2. forest stand models with the coordinates of the location of
individual trees.
Only forest stand models with the coordinates of the location of trees are suitable for the
assessment of the reachability of the trees to be removed, since harvester works in a
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horizontal plane. Concerning the aspect of reachability, the parameters of assessment
are not so essential, but the coordinates (xi; yi) of the mathematical centre point of the
trees to be removed are necessary indeed. If needed, the forest stand model can be
supplemented with the necessary parameters, for instance, tree diameter, height, etc,
which will make the application of the model more accurate.

For the forest stands of Latvia the following locations of forests are typical:
1) uniform location or spread;
2) uniform location according to geometrical principle (row plantings);
3) location of trees in groups (mainly in black alder stands).
As only the performance principles of the tree reachability model have been dealt with
in this research, the first variant will be viewed in a more detailed way. According to the
law of probability at uniform location of trees the coordinates of mathematical centres
of trees are expressed by the following formula:
X=y-A
Y=y B (4.5),

where:

y — randomly generated number in the interval [0,1];

A, B — parameters of the forest stand rectangle (m).

In this case the forest stand modelling is simplified, and it is sufficient
enough to determine the reachability of the trees to be removed when using a forest
harvesting machine.

To better understand the tree reachability model it is worth analyzing an
example: The felling site is of square shape - 100 m x 100 m =1 ha, 1000 trees per ha.
Let us assume that the stand is made up of single species and single-sized trees (Fig.
4.2.). The distance between the strip roads — 20 m, the width of the strip road - 4 m. The
task of the harvester operator — to process this area, removing 40 % of the trees from the
stand, always performing only the long trip distance - 8 m — between pit stops.

As all the strip roads are identical and only their location differs. Let us view
only one of them and assess the situation according to the stand which is to be
modelled.

The area of one strip road:

S =4m-100m = 400 m?, which occupies 1029500 = 0.04, 0r 4%
from the total area of the stand. Therefore on the strip road there should be 4% of all
the trees, thus, modelling a forest stand of such example on the first strip road there are
36 trees, which approximately corresponds to 4%. Analyzing the remaining four strip
roads, the situation is slightly different: there is a little less than 4% on one strip road,
but on another one — a little more trees.

Since the trees to be removed account for 40% of all the 1000 stand trees,,
40% of 1000 makes 400 trees to be removed. Half of them , i.e. 200 trees, are located on
the strip roads, thus the remaining 200 trees to be removed could create a reachability
problem for the harvester.

Let us turn to the harvester uncovered work zone of the left forest stand half-
strip of the first strip road (Fig. 4.3.) Viewing the orange segment of the area it can be
stated that it is a rectangular triangles, whose hypotenuse is 10 m and cathetus
respectively.
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Then the segments of the triangle is m2. From total area of the stand it
occupies 700100 = 0.0025 = 0.25%. The corresponding number of trees in this

area/square could be 2.5; in this particular example it is one tree (int.al.- the one to be
removed) which grows very close to the work zone.

Let us view the blue segment of the area (Fig. 4.3.). Viewing the rectangle
whose initial point of coordinates coincides with its top, but the machine’s centre with
the opposite top of the rectangle, the area of the corresponding segment should be
calculated if the sector’s area and the corresponding area of the isosceles rectangular
triangle is taken away from the rectangle area.

(46)
Seaisn = ab =10-7.1=71
2 7.12
Strijst = a? = T ~ 25.21
mR?-¢@ m-10%-45°
Ssext = 360° = 360° ~ 39.27

§=71-2521-39.27 =10.52

This area makes up a part from the whole area: % ~ 0.0011 = 0.11% or
1.1 trees. In this case there is one tree to be left.

The green segment can be divided into two parts. The calculation will be done
only for a half of the area, increasing the obtained result twice, then 11 times, since
there are 11 areas of such kind.

Let us determine the crosspoint of two circumferences, using the equations of
circumferences:

(x —10)% + (y — 7.1)2 — 102 = (x — 10)? + (v — 15.1)% — 102

As a result the following is obtained ¥ = 11.1.then x = 0.83

1 L0
= _R? —gi
Ssegm—ZR (180° sm(p)

(4.7)
—1.102.(™2358° 4\ _
Ssegm =310 ( 180° 10) ~0.58

S =4-(10— 102—42) — 058~ 274

Surveying all the work zones of the harvester where the machine’s /travelling
distance was 8 m, it was stated that in the researched felling site (example) within the
framework of the harvester’s work zone, 4 trees to be removed will not be reachable
and one tree will be outside the zone, so in total it will be 5 trees.

Consequently, in terms of percentage, in this theoratically assumed situation,
2.5 % of the trees to be removed will not be reachable by the harvester.

Likwise the number of trees to be removed which would not be reachable at
different density of the stand, location of trees in it and different harvester travel
distancees.

By substantiating the principles of the forest harvesting machine’s tree
reachability it is possible to develop a software to be used in calculating the optimum
distances for the harvester operator to travel under conditions of a definite stand. In
order to have convincing results from the use of this software, initially more detailed
information should be gathered on the stand and its assessment parameters:
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layout of trees;

composition of species;

forest storeys;

initial density of the stand;

average diameters of the trees to be kept and the trees to be removed
, etc.

Knowing the diversity of Latvia’s forests it should be noted that the
calculations which were done could successfully be used to process uniform pure stands
and the stands with row plantations. Using the developed tree reachability model for the
trees to be removed, the optimum distance (rate) of harvester’s trips and the number of
the trees to be removed from each half-strip should be calculated.

YVVVVY

CONCLUSIONS AND RECOMMENDATIONS

1. In commercial thinning the harvester reaches the highest productivity in pure
pine stands — 3.96 m*h™%, at the average volume of the tree stem to be removed
0.092 m®. The second highest work productivity was recorded in mixed stands
—3.67 m*h, at the average volume of the trees to be removed 0.085 m®, whereas
the lowest - in pure spruce stands — 3.09 m*h™, at the average volume of the tree
stem to be removed 0.068 m®. Carrying out the comparison of the gradation
classes it was established that the work productivity of harvester in pure pine and
spruce stands differed significantly.

The calculated harvester productivity standard deviations were the highest in
mixed stands, but the lowest in pure spruce stands. It means that when thinning
different mixed stands the work productivity parameters are dispersed in quite a
large range which will make it more difficult to predict the productivity of the
harvester in each felling site of the mixed stand.

2. In commercial thinnings harvester’s average time used in performing work
operations for processing one tree in each of the stand’s storeys is considerably
different: for the processing of the first storey trees the harvester needs twice as
much time compared to that of the second storey trees. Comparing the Standard
deviations and minimum and maximum work time units it has been stated that the
chronometered times spent on processing the first storey trees have been dispersed
in a much wider range compared to the chronometered times spent on the
processing of the second storey. It is explained by the peculiarities of the stems
and crowns of the first storey trees to be removed (double stems, double tops,
separate thick branches,etc.).

3. When the harvester operates in the dark hours of the 24h day the average
processing time of the marked trees to be removed is by 15% less than processing
unmarked trees. The average processing time for marked and unmarked trees to
be removed differs significantly.

4. For different makes of harvesters when looking from the operator’s cabin, the
uncovered range of field does not uniformely include the processing field: Ponsse
Beaver harvesters used in commercial thinning have the largest part of the
uncovered view field, to be followed by the second best - John Deere 1070
harvesters, whereas Valmet 901.4 harvesters have the worst range of view field,
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which can be explained by a peculiar placement of the boom - in relation to the
cabin.

5. Performing the machine operated commercial thinning, on average approximately
4.9 % of the trees to be removed are left in the stand just because of
unreachability of trees.

6. When the harvester makes longer distances moving between the pit stops in the
process of work, the reachability of the trees to be removed worsens. As a result,
the quality of the thinned stand decreases.

7. Different conditions of tree reachability is the reason that in the middle part of the
forest stand strip between the strip roads a considerably greater number of trees is
left for further growth (15% to 35%) than on the sides of the strips, close to the
the strip road. Thus the forest stands are not thinned uniformely.

8. When the harvester operator works on the strip road of the stand he/she sees both
adjoining half-strips differently: the half-strip which lies close to the
thinned/processed part of the stand is processed more intensively than the half-
strip toward the unprocessed stand, but theses diferences are not so important.

9. The assessment of the tree quality of the remaining stand in the research felling
sites according to definite parameters corresponds to the requirements set for
performing commercial thinning in Latvia.

10. It is necessary to equip the harvester with the device for counting the trees to be
removed which was developed and described in the doctoral thesis Using this
device the productivity and quality of work will be enhanced and more uniform
thinning process of the forest stand will be ensured.

11. Using the principles of the tree reachability model for harvesting machines
substantiated in the research, it is recommended that a software program should
be developed with which the optimum travel distances for the operator could be
determined in each part of the felling site.

The hypothesis that by researching and improving the machine operated forest
harvesting technology in commercial thinnings it is possible to improve the quality of
the thinned stands, ensuring a more uniform layout of the residual trees, has been has
been also proved. It has been proved by the conclusions 4., 5., 6., 7., 8., 10. and 11.
obtained from the the results of the research.

Basing on the hypothesis and the research carried out, two innovations have
been offreed in the thesis:

1. acounting device for the harvester for counting the the trees to be removed .
By putting this device into practice a higher productivity and work quality
would be reached, and also a more uniform thinning of the stand could be
reached;

2. amathematically substantiated reachability model for the logging machine for
reaching the trees to be removed. By using the results of the calculations of
this model the harvester operator would determine the optimum travel
distances in each part of the felling site.
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