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Abstract. Obtaining high harvester efficiency in young pine stands during early thinning is a challenging management practice.
One of the difficulties lies in achieving the optimal use of the tree trunk for assortments and obtaining satisfactory timber quality.
The objective of this research was to find out 1) how much of the tree trunk can be processed by a harvester to produce logs, and 2)
the quality of the assortments in terms of log length accuracy and delimbing quality. The work was carried out in a 31-year-old pine
stand in Northern Poland with a Vimek 404 5T harvester using a Keto Forst Silver head for early thinning. Eighty sample plots were
set up within the stand for detailed tree analysis after harvesting. The total length of the assortments from each tree was measured as
well as the minimal top diameter (under bark). Additionally, the lengths of the bottom, middle and top logs were measured as well as
the height of the knots after delimbing. On average, 70% of the total tree height was used for assortments and logs were processed up
to a mean top diameter of 5.3 cm under bark. The length accuracy was very high: 81% of the logs had the expected length, more than
90% had a commercially acceptable length, while only 0.7% of the logs were too long. The average height of knots after delimbing
was up to 1 cm. We therefore conclude that using a Vimek 404 5T in the 31-year-old pine stand was an effective solution for trunk

processing and obtaining quality assortments.
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1. Wstep

Harwestery, zwykle wykorzystywane do prac pozyskanio-
wych w trzebiezowych i rgbnych drzewostanach iglastych,
bywaja rOwniez stosowane w drzewostanach mieszanych lub
lisciastych (Mederski 2013; Moskalik et al. 2017; Mederski et
al. 2018a). Struktura gatunkowa laséw w Polsce z gatunkami
glownie iglastymi, zajmujacymi 69,6% powierzchni lesnej
(Les$nictwo 2014), sprzyja pozyskaniu zmechanizowanemu
(Mederski et al. 2016). Jednocze$nie obserwuje si¢ postepy
w zmechanizowanym pozyskiwaniu drewna w drzewostanach
miodszych klas wieku, z zastosowaniem w trzebiezach wczes-
nych procesoréow (Stanczykiewicz et al. 2011, 2015) oraz har-
westerow (Mederski et al. 2018b).

Od poczatku ubieglego dziesigciolecia liczba maszyn wie-
looperacyjnych w Polsce zaczeta intensywnie wzrasta¢ (Me-
derski et al. 2016). W roku 2008 na terenie naszego kraju

pracowato tacznie 419 harwesterow i forwarderéw. W ciagu
trzech lat liczba ta wzrosta niemal dwukrotnie do 836 sztuk,
co stanowito najwickszy wzrost liczebno$ci maszyn w calej
Europie (Zabierek, Wojtkowiak 2013). Z badan dotyczacych
zmian liczby samych harwesteréw wynika, iz w 2014 roku
w Lasach Panstwowych pracowato ich ok. 460, a w 2015 ok.
530 (Mederski et al. 2016).

Zastosowanie harwesterow wptywa na jako$¢ surowca. Po-
przez jako$¢ surowca nalezy rozumie¢ doktadnos¢ okrzesania
gatezi, doktadno$¢ wyrobienia sortymentéw pod wzglgdem
dhugosci i grubosci, nieobecnos¢ peknie¢ powstajacych pod-
czas przerzynki, uszkodzenia pobocznicy pnia w postaci $cie-
cia kory i drewna przez noze okrzesujace oraz uszkodzenia
pobocznicy pnia kolcami walcow podajacych (Karaszewski et
al. 2016b). W wyniku prac pozyskaniowych, zarowno pilar-
ka, jak i harwesterem, mogg powstawa¢ wady w postaci zbyt
wysokich sekow, peknie¢ okreznych i prostych oraz odtupow
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i roztupow. Moga tez powstawa¢ wady wynikajace z pracy
glowicy harwestera — znieksztalcenia pobocznicy przez noze
okrzesujace oraz nacigcia wierzchniej warstwy drewna przez
kolce walcow podajacych (Karaszewski et al. 2016a).

Trudnosci w pozyskiwaniu drewna lisciastego przez har-
westery wynikaja z morfologii drzew. Gatunki li§ciaste cha-
rakteryzuja si¢ wickszymi krzywiznami, rozbudowanymi
koronami oraz gat¢ziami o duzych $rednicach (Mederski et
al. 2018a). Wielofunkcyjna glowica harwestera dokonuje,
oprocz $cinki i okrzesywania, rowniez wyrzynki sortymen-
tow. Ich dlugos¢ mierzona jest zazwyczaj przez kétko pomia-
rowe znajdujace si¢ na ramie glowicy w centralnej cze$ci.
W zaleznosci od cech surowca, takich jak krzywizna, obec-
nos¢ kory czy oblodzenie — moze dochodzi¢ do niedoktadno-
$ci w wyrzynce sortymentow.

Trudnosci z wyrabianiem sortymentow z drzew iglastych
i lisciastych byly powodem podj¢cia badan nad doktadnos-
cig wyrzynki sortymentéw pochodzacych z réznych czesci
pnia. W cze$ci odziomkowej mozna spodziewac si¢ wystepo-
wania zgrubien odziomkowych i naptywow korzeniowych.
W wierzchotkowych, ugatezionych czesciach drzew wyste-
puja rowniez rozgalgzienia, a takze czgste krzywizny. Najko-
rzystniejsza pod katem braku wad jest cze$¢ srodkowa pnia,
co zostalo potwierdzone m.in. w badaniach Roézanskiego
(1993) oraz Mederskiego i in. (2018a).

Porownanie doktadnosci wyrzynki badano réwniez w od-
ro§lowych drzewostanach dgbowych i olszowych, w okresie
wegetacyjnym oraz poza nim. Wykazano, iz wigksza doktad-
no$¢ na diugosci uzyskano w czasie sezonu wegetacyjnego;
ponadto sortymenty olszowe charakteryzowaty si¢ lepsza do-
ktadnoscig na dtugosci w poréwnaniu z sortymentami dgbo-
wymi (Karaszewski et al. 2017).

Problematyka doktadno$ci okrzesania drewna olszowego
w poréwnaniu z okrzesaniem drewna sosnowego i $wierko-
wego byla przedmiotem pracy Karaszewskiego i in. (2016b).
Autorzy potwierdzili najlepsza jako$¢ okrzesywania na
srodkowych watkach olszowych oraz §rodkowych waltkach
swierkowych, natomiast najgorsza jakos¢ okrzesywania na
wierzchotkowych waltkach olszowych. W badaniach Ku-
siaka i Sliwinskiego (2014) stwierdzono, iz okrzesywanie
sortymentow sosnowych pilarka byto doktadniejsze niz har-
westerem. Jednoczes$nie harwester pozwalal na uzyskanie
doktadniejszej dtugo$ci watkow i ktod w poréwnaniu z wy-
rzynka reczno-maszynows.

Doktadno$¢ wyrzynki sortymentéw moze by¢ szczegblnie
istotna dla wybranych sposobow przerobu drewna. Sorty-
menty zbyt dlugie moga stanowi¢ utrudnienie w przemysle
papierniczym, podczas gdy zbyt krotkie walki sa niepozada-
ne m.in. przy produkcji palet, czy w programie ogrodowym
(Bembenek et al. 2015).

Jedna z pierwszych prac w literaturze przedmiotu, okresla-
jacych stopien wykorzystania grubizny i jako$¢ sortymentow
wyrobionych przez harwester, opublikowal Mederski (2013).
Badania wykazaty, iz harwester moze napotkac na trudnosci
w wyrdbce i okrzesywaniu sortymentéw sosnowych i brzo-
zowych juz w drzewostanach III klasy wieku, a szczegodlnie

w starszych, IV klasy wieku. Majgc na uwadze wyniki wyzej
wymienionych badan, zdecydowano o przeprowadzeniu ana-
liz efektywnosci pozyskiwania drewna harwesterem w trze-
biezy wczesnej, w 31-letnim drzewostanie sosnowym. Celem
niniejszej pracy byto okreslenie: 1) efektywnosci wykorzy-
stania pnia na sortymenty przez harwester, oraz 2) jakosci
sortymentow, tj. doktadnos$ci wykonania przerzynki oraz ja-
kosci okrzesywania.

2. Material i metody
2.1. Teren badan

Badania przeprowadzono w 31-letnim drzewostanie sos-
nowym, w Nadle$nictwie Bobolice (Regionalna Dyrekcja
Lasow Panstwowych w Szczecinku, tab. 1).

Do badan wyznaczono powierzchnie probne wzdhuz
o$miu szlakow operacyjnych. Powierzchnie prébne o wiel-
kosci 100 m? kazda (10x10 m) byly usytuowane po obu
stronach szlaku, pig¢ powierzchni po lewej i pie¢ po prawej
stronie kazdego szlaku. Koniec ostatniego metra powierzchni
probnej po lewej stronie byt jednoczesnie poczatkiem pierw-
szego metra powierzchni probnej po prawej stronie (ryc. 1).

Powierzchniom nadano kolejne numery (facznie 80 po-
wierzchni), drzewa narozne oznaczono farbg — poziomym
paskiem na wysoko$ci wzroku. Drzewa przeznaczone do
trzebiezy rowniez oznaczono farba, dwoma uko$nymi paska-
mi na wysokos$ci ok. 1,5 m. Oznaczenie bylo widoczne z kaz-
dego z sgsiadujacych szlakow. Na drzewach przeznaczonych
do usunigcia pomierzono:

+ piersnice, dwukrotnie na krzyz z doktadnoscia do 0,1
cm, wynik zaokraglano do 0,5 cm;

* wysokosci drzew wysoko$ciomierzem laserowym HA-
GLOF EC 1II z doktadno$cia do 0,1 m, wynik zapisywano
z doktadno$ciag do 0,1 m.

2.2. Zastosowany harwester

Do przeprowadzenia zabiegu zastosowano harwester trzebie-
zowy Vimek 404 T5 (ryc. 2) z zurawiem Mowi 2046 o dlugosci
4,6 m (tab. 2). Harwester byt wyposazony w glowice Keto Forst
Silver, o maksymalnej $rednicy $cinki 30 cm (tab. 2).

Dla harwestera o szerokosci 2,15 m przygotowano szlaki
o szerokosci ok. 3 m poprzez usuni¢cie jednego rzedu drzew.
Szlaki byty oddalone od siebie o ok. 19,5 m (odleglos¢ mie-
rzona pomiedzy osiami szlakow).

Glowica Keto, pozwalajaca na okrzesywanie pni do 25 cm
$rednicy z predkoscig 4 m s!, byta wyposazona w trzy noze
okrzesujace (tab. 2).

Z pozyskiwanych drzew wyrabiano dwa rodzaje sorty-
mentow: drewno okragle sredniowymiarowe S2a oraz ma-
lowymiarowe M1. W obu przypadkach oczekiwana dtugos¢
wynosita 2,50 m, a akceptowalna dla odbiorcy od 2,50 do
2,57 m. Dla uzyskania oczekiwanej dlugosci, w komputerze
harwestera ustawiono dtugo$¢ z nadmiarem 5 cm, tj. 2,55 m
z odchytka + 0,02 m.
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Tabela 1. Charakterystyka drzewostanu; stan na 1 stycznia 2015
Table 1. Stand characteristics, as for 1% January 2015

Pododdzial Powierzchnia Bud Pier$nica Wysokos$é Grubizna
ododazia [ha] :m‘;?vz Udzial, gatunek ~ Wiek [lata] [em] [m] [mPha]
P Share, species Age [years] DBH Height Stock

[cm] [m] [1’1’131’13_ l]

Compartment
P Area

[ha] Stand layer

Drzewostan 9 So
108h 11,27 Main stand 90% Pine 31 13 11 137

1 Brz

10% Birch 31 13 12 10

mjs Sw
sporadically Spruce

mjs Md

31
sporadically Larch

Podszyt Brz
Shrub layer Birch

Sw
Spruce

Jal
Juniperus

DBH — diameter at breast height, So — sosna, Brz — brzoza, Sw — §wierk, Md — modrzew, Jat — jalowiec, mjs — miejscami

10 m

powierzchnia
probna 10m
sample pot

Rycina 2. Harwester Vimek 404 T5 podczas wyrabiania
sortymentow
Figure 2. Harvester Vimek 404 TS during bucking of assortments

szlak operacyjny / strip road

2.3. Wykorzystanie pnia na sortymenty

W celu ustalenia stopnia wykorzystania pnia na sortymen-
ty rejestrowano liczbe sztuk watkow wyrabianych z jednego
drzewa. Liczba watkéw pomnozona przez dhugos¢ (2,5 m)
: stanowita faczng dhugos$¢ sortymentéw uzyskanych z jedne-
' go drzewa. Ponadto na probie 70 drzew pomierzono $rednice
Rycina 1. Polozenie powierzchni probnych wzdluz szlaku gorne bez kory (jednokrotnie w poziomie), ostatnich watkow

operacyjnego ozyskanych z najwyzszych, wierzchotkowych czeéci drzewa.
Figure 1. Layout of sample plots along strip road pozy Y JWyzszyeh, WY ¢
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Tabela 2. Dane techniczne harwestera Vimek 404 TS oraz glowicy Keto Forst Silver
Table 2. Technical data of Vimek 404 TS harvester and harvester head Keto Fors Silver

Harwester Vimek 404 T5 Przeswit nad ziemia 400
Harvester Vimek 404 T5 Clearance mm
Silnik Masa 4,1 t (z glowica)
Engine Weight 4.1 t with head
Marka, model CAT 2.2 (T) Glowica Keto Forst Silver .
Make, type Harvester head Keto Forst Silver
Liczba cylindrow 4 Wysokosé bez rotatora
Number of cylinders Height without rotator 1050 mm
Mak.symalna moc 447 kW Wysoko$¢ z rotatorem 1250 mm
Maximum power Height with rotator
Pojemnoéé skokowa 2216 cm3 Szerokos$¢ (otwarta) 830 mm
Capacity Width (opened)
Zuraw Szeroko$¢ (zamknigta) 580 mm
Crane Width (closed)
Marka, model Mowi 2046 Waga
Make, type Weight 297 kg
Dlugosé 4.6m Maksymalna $rednica Scinki 300 mm
Length Maximal cutting diameter
Skrzynia biegow Maksymalna $rednica
Gear box ‘
okrzesywania 250 mm
Naped skrzyni biegow Silnik hydrauliczny Maximal delimbing diameter
: i i .
Gear box drive ydraulic engine Liczba nozy okrzesujacych X
Uklad przeniesienia napedu ~ Mechaniczny Number of delimbing knives
Gear box transmission Mechanical ..
Maksymalne ciSnienie
Uklad hydrauliczny robocze 200 bar
Hydraulic system Maximal working pressure
Ci$nienie 220 bar Optymalny przeplyw oleju 20 1 min!
Pressure Optimal oil flow 120 Tmin
Przeptyw maksymalnie 120 1 min! Dlugo$¢ prowadnicy
Flow 120 1 min"' maximum Length of chaisaw bar 14
Wymiary Typ mechanizmu -
Size przesuwowego rolka gasienicowa
ith caterpil

Opony Type of feeding mechanism drum with caterpilar

. 405/70-24
Tires Sita przesuwu 10 kN
Dlugosé Feeding force
Lenath 3350 mm

eng Maksymalna waga drzewa 400k
Szeroko$é Maximal tree weight &
Width 2150 mm

! Maksymalna predkosé
Wysokos¢ dachu kabiny ’8m przesuwu 4ms!
Height of the cabin roof ’ Maximal feding speed

2.4. Dokladnos¢ przerzynki

W celu ustalenia doktadnosci przerzynki pomierzono
dtugos¢ watkow z odziomkowych, srodkowych i wierzchot-

kowych czgséci drzew, po 70 sztuk z kazdej strefy. Za watki
srodkowe uznawano jeden lub kilka watkéw pomigdzy od-
ziomkowym i wierzchotkowym. Dtugos$¢ mierzono z doktad-

noscig do 1 cm.



P.S. Mederski et al. / Lesne Prace Badawcze, 2019, Vol. 80 (1): 45-53 49

2.5. Jakos$¢ okrzesywania

W celu okreslenia jako$ci okrzesywania pomierzono wy-
sokos¢ sekow (h) oraz ich szerokos¢ (s) u podstawy (ryc. 3).
Za wysoko$¢ przyjeto odleglos¢ od pobocznicy do najwyz-
szego punktu nad pachwing seka. Do pomiaru wysokosci nie
brano pod uwagg koncowej czesci seka, ze wzgledu na to, iz
niejednokrotnie byta to cz¢$¢ dluga i bardzo cienka, wprowa-
dzajaca niepewnos$¢ co do wlasciwej wysokosci. Szerokosé
mierzono u podstawy s¢ka, prostopadle do jego osi i 0si pnia.

Rycina 3. Miejsca pomiaru seka: h — wysoko$¢ [mm], s —
szerokos¢ [mm|

Figure 3. Knot feature measurements: h — height [mm], s — width
(mm]

Wysokos¢ 1 szeroko$¢ mierzono z doktadno$cia do 1 mm.
Nie brano pod uwage sekéw o podstawie mniejszej niz 1 cm
(w korze). Wszystkie pomierzone s¢ki zostaly podzielone
na cztery kategorie wysokosci: 1) niskie: 0—10 mm; 2) $red-
nie: 11-30 mm; 3) wysokie: 31-50 mm; 4) bardzo wysokie:
> 50 mm.

Spos6b pomiaru wysokosci sekéw po okrzesywaniu nie
zostal opisany w normach. Ze wzgledu na brak jednoznacz-
nych wytycznych jak mierzyé wysokos¢ sgka (np. czy braé
pod uwage cienki pasek drewna i kory w najwyzszym miejscu
seka po odcietej galezi), na potrzeby niniejszej pracy podjeto

decyzje o pomiarze wysokosci seka jak na rycinie 2. Jedno-
czes$nie przyjeto, iz obecnie drewno S2a i M1 spehia wa-
runek poprawnie przygotowanego przez harwester, jesli jest
okrzesane odpowiednio w stopniu dobrym i dostatecznym.

W niniejszej pracy mianem s¢ka okreslono pozostatosc
po galezi wystajacg ponad pobocznice drewna, zgodnie z na-
zewnictwem uzytym w normie (PN-D-95000:2002).

W analizach danych zastosowano statystyki pozycyjne.
Zmiennos$¢ cechy w zaleznosci od badanego czynnika okre-
$lano wspétczynnikiem R2, Wszystkie wyliczenia wykonano
z wykorzystaniem arkuszy kalkulacyjnych Excel.

3. Wyniki
3.1. Wykorzystanie pnia na sortymenty

Pozyskiwane drzewa mialy przecig¢tng piersnice 11,6 cm
i wysokos¢ 12,0 m, przy czym najgrubsze drzewa miaty 25,0
cm (tab. 3). Z jednego drzewa uzyskano $rednio od trzech do
czterech watkow o tacznej Sredniej dtugosci 8,45 m.

Dhugo$¢ pozostawionych wierzchotkéw wyniosta $rednio
3,58 m, czyli ok. 30% wysokosci drzewa. Laczna dlugosé
uzyskanych walkow zalezata od pier$nicy drzewa (ryc. 4), ale
réwniez od wysokosci drzewa (ryc. 5). W drugim przypadku
zaleZzno$é ta byta silniejsza (R?=0,60).

Wykorzystanie pnia okreslono réwniez w postaci $redni-
cy gornej ostatniego walka uzyskanego z najwyzszej czgsci
drzewa, ktora wyniosta srednio 5,3 cm bez kory (tab. 4).

3.2. Dokladno$¢ przerzynki

Najwiecej (22%) watkow o diugosci zadanej w kompute-
rze harwestera (2,55 m) uzyskano ze §rodkowych partii pni
(ryc. 6).

Tabela. 3. Parametry pozyskanych drzew i uzyskanych sortymentéw; statystyki pozycyjne
Table 3. Parameters of harvested trees and obtained assortments, descriptive statistics

Liczba walkow Laczna dlugosé

Pozostala czesé

Piersnica [cm] Wysokos$¢ [m] Z pnia walkow z pnia [m] .
. wierzchotkowa [m]
DBH [cm] Height [m] Number of logs Total length of logs ..
Remaining tree top [m]
from one trunk from one trunk [m]

Srednia 11,60 12,00 3,40 8,45 3,58
Mean
Medi

ediana 10,50 12,10 3,00 7,50 3,50
Median
Mini

jnimum 7,00 5,90 0,00 0,00 0,00
Minimum
Maksi

aksimum 25,00 17,80 5,00 12,50 8,40
Maximum
Odchylenie standard

chyfenie standarcowe 3,75 1,89 0,85 2,13 1,38
Standard deviation
N

347 347 347 347 347

N
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Ogolnie 19% watkow nie spetniato warunku oczekiwanej
dhugosci, tj. nie miescito si¢ w granicach od 2,50 do 2,57 m
(ryc. 6). Najwigkszy procent watkow o oczekiwanej dtugosci
uzyskano ze srodkowych partii pni (87%), najmniej z wierz-
cholkowych (74%). Sortymenty srodkowe charakteryzowaty
si¢ najmniejsza zmiennos$cig dtugosci (odchylenie standardo-
we 0,05), najbardziej zréznicowane dlugosci uzyskano z sor-
tymentéw wierzchotkowych (odchylenie standardowe 0,11;
tab. 4).

Srednia dlugo$é watkéw srodkowych (2,54 m) byta naj-
bardziej zblizona do dlugosci zadanej w komputerze harwe-
stera (2,55 m).
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Rycina 4. Zalezno$¢ lacznej dlugosci walkéw od piersnicy
drzewa
Rycina 4. Relationship between total length of logs and DBH
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Rycina 5. Zalezno$¢ tacznej dlugosci walkow od wysokoSci
drzewa
Figure 5. Relationship between total length of logs and tree height
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Rycina 6. Histogramy walkow odziomkowych, sSrodkowych
i wierzcholkowych
Figure 6. Histograms of lengths of bottom, middle and top logs

3.3. Jakos¢ okrzesywania

Pozyskane sortymenty byly ogdlnie dobrze okrzesane,
a $rednia wysoko$¢ seka jedynie na watkach odziomkowych
maksymalnie wyniosta nieco ponad 1 cm (tab. 5).

Najwyzsze s¢ki wystepowaly na watkach odziomkowych
i wierzchotkowych. Na watkach §rodkowych obserwowano
seki najnizsze, ok. 25% nizsze niz na odziomkowych. Ogdl-
nie wysokos$¢ sekow w niewielkim stopniu zalezata od ich
grubos$ci, na co wskazywal niski wspotczynnik R? = 0,14.
Ponad 70% s¢kow nie przekroczyto wysokosci 10 mm, a s¢ki
Srednie stanowity ok. 25% wszystkich analizowanych pozo-
statosci gatezi (ryc. 7).

4. Dyskusja
4.1. Wykorzystanie pnia na sortymenty

Wykorzystanie pnia na sortymenty jest bardzo waznym
elementem efektywnos$ci zmechanizowanego pozyskiwa-
nia drewna. Uzyskanie wydajnoéci gwarantujacej korzyst-
ny wynik ekonomiczny jest bardzo trudne w drzewostanach
miodszych klas wieku (Mederski et al. 2018b), w ktérych

Tabela 4. Parametry walkéw odziomkowych, $rodkowych
i wierzcholkowych; statystyki pozycyjne

Table 4. Parameters of bottom, middle and top logs, descriptive
statistics

Walki Walki Walki wierz-
odziomkowe srodkowe cholkowe
Bottom logs Middle logs Top logs
g § g § 2§
— - = — - = — — —
2E % & %5 $E 95
(=] = = =] = - =] = -
ST IR NERY
(=5} = 5 /2 o = 5 /2 o = 5
- g2 =2 232 T2 273
N ﬁ N [_O 7] [_‘O
Sredni
redma 253 957 254 817 250 532
Mean
Medi
eclana 253 910 255 7.60 254 490
Median
Mini
fmmum 215 500 221 390 212 290
Minimum
Maksimum o0 5110 260 1880 2,60 1540
Maximum
Odchylenie
standardowe
0,09 332 005 268 0,11 1,78
Standard
deviation
N
N 70 70 70 70 70 70
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Tabela 5. Wymiary sekéw z walkéw odziomkowych, Srodkowych

i wierzcholkowych; statystyki pozycyjne
Table 5. Parameters of knots from bottom, middle and top logs,
descriptive statistics

Walki Walki Walki wierz-

odziomkowe srodkowe cholkowe
Bottom logs Middle logs Top logs
25 9 E RE 9 E LE gE
SESE 28 g5 28 £ &
£=s 282 £33 28 £= 8=
g2 o2 g2 2 g8 =
7z = 3£ N = 3&’ N = Bé

Srednia 2041 10,40 1945 7,53 17,78 9,73

Mean

Medi

eclana 18,00 500 20,00 500 1500 7,00

Median

Minimum

.. 10,00 0,00 10,00 0,00 10,00 0,00

Minimum

Maksi

aksimum - g9 00 130,00 55,00 60,00 50,00 72,00

Maximum

Odchylenie

standardowe
11,68 1569 7,63 879 7,53 10,19

Standard

deviation

N

N 287 287 452 452 459 459

maleje zainteresowanie operatorow wyrabianiem sortymen-
tow z najcienszych partii pnia w trosce o wysoka wydajnos¢.
Przy wysokosci drzew wynoszacej §rednio 12 m, taczna dtu-
g0$¢ pozyskanych sortymentow osiaggneta Srednio 8,45 m
przy Sredniej $rednicy gornej wynoszacej 5,3 cm bez kory.
Jest to $rednica zblizona do minimalnej $rednicy gornej dla
drewna $redniowymiarowego S2a, podanej w normie PN-
D-95018:1991 (wycofanej 1 sierpnia 2014 roku), czy zarza-
dzeniach Dyrektora Generalnego LP (Zarzadzenia 33 i 34),
zaktadajaca wyrob drewna Sredniowymiarowego od 5 cm
bez kory.

Trudnosci z pelnym wykorzystaniem grubizny uzytkowe;j
zaobserwowano podczas pozyskiwania harwesterem sosny
i brzozy (Mederski 2013). Pozyskiwanie harwesterem Sampo
Rosenlew z gltowica Keto 150 LD sosny w wieku 46 1 61 lat,
konczylto si¢ na $rednicy gornej w korze wynoszacej odpo-
wiednio 9,4 1 10,6 cm (wartos$ci $rednie). Dla brzozy warto-
$ci te byly wieksze i wynosity odpowiednio 12,3 i 16,2 cm.
W kazdym z analizowanych przypadkoéw wielkos¢ srednicy
gornej korelowata z pier$nicg, przy czym zwiazek ten byt
najstabszy dla sosny w wieku 46 lat (wspdtczynnik korelacji
0,43). W innych badaniach okreslajacych efektywno$¢ wy-
korzystania grubizny debowej (61 lat) pozyskanej za pomoca
harwestera Ponsse Ergo z gtowicg H7, Srednica gorna w korze
wyniosta 13,3 cm (warto$¢ $rednia), a jej wielkos$¢ tez byla

- 2,6
Watki wierzchotkowe 66,9 30,1 0
Top logs 4
Watki $rodkowe 1,8
Middle logs e 20 Lg'g
Watki odziomkowe /
Bottom logs 637 2 20

0 10 20 30 40 50 60 70 80 90 100%

0-10mm 11-30mm 31-50mm = >50mm

Rycina 7. Udzial sekéw z podzialem na wysokosci w przyjetym
podziale na walkach z wyro6znionych czesci drzewa

Figure 7. Share of knots with different heights on bottom, middle
and top logs

zwigzana z piersnicg (Mederski et al. 2018). W niniejszych
badaniach nie okreslono zaleznosci $rednicy gornej od pier-
$nicy, poniewaz podczas pozyskiwania sortymenty z kilku
drzew uktadane byly w jednym pakiecie i trudno byto ustalic,
z ktérego drzewa pochodzit dany sortyment wierzchotko-
wy. Jednoczesénie parametr $rednicy gornej dla sortymentow
wierzchotkowych charakteryzowatl si¢ najmniejszym odchy-
leniem standardowym (tab. 4), co sugeruje, iz niezaleznie od
pier$nicy wielkos¢ srednicy gornej byta wzglednie stata. Pa-
rametr ten wskazuje, iz Harwester Vimek 404 T5 z glowica
Keto Forst Silver bardzo dobrze radzit sobie z wyrdbka sor-
tymentdw w wierzchotkowych czgsciach sosny w wieku 31
lat. Czynniki, ktore miaty wptyw na dobre wyniki okrzesy-
wania i doktadnosci przerzynki, to przede wszystkim cienkie
galezie (ok. 2 cm, tab. 5) oraz obserwowane podczas badan
proste pnie.

4.2. Dokladnos¢ przerzynki

Analiza wszystkich walkow wykazala, iz 81% spelnialo
warunek oczekiwanej dtugoscei, od 2,50 do 2,57 m (ryc. 6).
Ustalong przez operatora odchytke dlugosci £2 cm nalezy
uzna¢ za wlasciwa, dobrze rowniez dobrano nadmiar wyno-
szacy 5 cm. Znaczny byt udziat watkow o dtugosciach od 2,53
do 2,54 m: odziomkowych 28%, srodkowych 31 % i wierz-
chotkowych 24% (ryc. 6). Walki odziomkowe i srodkowe nie
przekraczaly dlugosci 2,62 m. Wyjatek stanowit jeden watek
o dlugosci 2,97 m. Dhugos¢ ta wynikata najprawdopodobnie;j
ze szczegllnej sytuacji utrudniajgcej okrzesywanie, a nie
z bledu pomiarowego.

Jesli chodzi o surowiec M1 zbyt dlugie watki powodu-
ja jedynie trudno$ci transportowe. W analizowanym przy-
padku najdtuzsze sztuki miaty 2,60 m i mozna je uznaé za
akceptowalne.

W obu przypadkach, zbyt krotkie walki S2a jak i M1 sta-
nowig strat¢ dla odbiorcy drewna przy obliczaniu migzszosci.
Pomiar i obliczanie miazszo$ci opiera si¢ na standardowe;j
dtugosci — zbyt krotkie walki obnizajg migzszos$¢ kupowa-
nego surowca, a ok. 12% wszystkich walkéw analizowane;j
proby to drewno zbyt krotkie. Moze to by¢ przedmiotem re-
klamacji, co zwigksza koszty pozyskiwania i przygotowania
surowca do sprzedazy. Niemniej jednak sortymenty drewna
Sredniowymiarowego ogoélnego przeznaczenia krotsze niz
oczekiwane nie dyskwalifikuja go w dalszym przerobie. Watki
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te, po przygotowaniu w korowarkach bgbnowych, moga zo-
sta¢ rozdrobnione i skierowane do procesu technologicznego.

Warto rowniez zaznaczy¢, iz btedy pomiaru dlugosci przy
wyrzynce sortymentéw powstajg nie tylko przy wyrdbce
harwesterem, ale rdwniez przy przerzynce pilarka. Analiza
uzyskanych dhugosci sortymentdéw lisciastych wyrabianych
pilarkg wykazata, iz przy tolerancji £2 cm niezgodnos¢ z za-
dang dlugoscia wystapita w 30% przypadkow (Zinkevicius
et al. 2012).

Zblizony udziat sortymentéw odziomkowych i wierzchot-
kowych odbiegajacych od zadanego wymiaru stoi w sprzecz-
nosci z badaniami Nieuwenhuisa i Dooleya (2006). Cytowani
autorzy obserwowali przy wyrabianiu ktod i watkow $wier-
kowych odchytki na dtugosci od -5% do +7%, podajac iz
doktadno$¢ pomiaru dhugosci jest lepsza dla ktod odziom-
kowych niz watkéw wyrabianych z gornej czesci strzaly.
Z kolei brak roznic pomigdzy dtugosciami sortymentow od-
ziomkowych i wierzchotkowych stwierdzili réwniez Meder-
ski i in. (2008), analizujac t¢ ceche na walkach oraz ktodach
osikowych.

Nieuwenhuis i Dooley (2006) jako przyczyne bledow
pomiarowych wskazali szczegolnie silne ugalezienie swier-
ka powodujace pozostawianie sckow po okrzesywaniu oraz
krzywizny pojawiajace si¢ w wierzchotkowej czgsci strza-
ly. O ile w niniejszych badaniach nad 31-letniag sosng wy-
stepowanie sortymentow odbiegajacych od oczekiwanych
w strefie wierzchotkowej mozna wytlumaczy¢ podobnymi
przyczynami, czyli bledami wystepujacymi z powodu uga-
fezienia, o tyle przyczyny niskiej doktadnosci w strefie od-
ziomkowej nie sg jednoznaczne.

Badania Bembenka i in. (2014) nad doktadnoscia wyra-
biania sortymentow brzozowych i osikowych potwierdzity,
iz grubsze sortymenty (powyzej 14 cm w gérnym koncu bez
kory) mialy doktadniejszg dhugo$¢ w poréwnaniu z cienszy-
mi (ponizej 14 cm w goérnym koncu bez kory).

W pracy Bembenka i in. (2014) maksymalna $rednica
gorna watkow nie przekraczata 21 cm bez kory, a Srednie wa-
haty si¢ od 5,3 cm (watki wierzchotkowe) do 9,5 cm (watki
odziomkowe). Nalezy pamictaé, iz na doktadno$é wyrdbki
wplywa rowniez dopasowanie glowicy do parametrow Sci-
nanego drzewa oraz technika pracy, ktéra wptywa na doktad-
nos¢ pomiaru dtugosci poprzez dziatanie kota pomiarowego.

4.3. Jako$¢ okrzesywania

Zgodnie z normami (PN-D-95018:1991 oraz PN-D-
95019:1991) drewno S2a i M1 powinno by¢ okrzesane od-
powiednio w stopniu bardzo dobrym i dostatecznym. Jakos¢
okrzesywania bardzo dobra oznacza, iz galgzie powinny
by¢ usunigte rowno z pobocznicg drewna. Jako$¢ dostatecz-
na oznacza, iz moga pozosta¢ s¢ki do 5 cm dlugosci, spo-
radycznie dluzsze. Jednoczesnie obowigzujace zarzadzenia
(Zarzadzenie 2012a, b) okreslaja, iz drewno S2 pozyskiwane
harwesterem moze by¢ okrzesywane w stopniu dobrym (do-
puszczalne s¢ki o dlugosci do 3 cm, sporadycznie dtuzsze).
Wigkszy udziat wyzszych (do 30 mm) s¢kéw w sortymen-

tach wierzchotkowych wynikat z trudnosci w okrzesywaniu
elastycznych galezi z wierzchotkowych czgéci pnia. Jedno-
czesnie na sortymentach odziomkowych wystepowaty czes-
ciej najwyzsze s¢ki (powyzej 30 mm), poniewaz w dolne;j
czesci pnia wystepowaly najgrubsze galgzie (tab. 5).

Drewno S2a uzyskane z czgéci odziomkowych i/lub czgs$-
ciowo ze srodkowych czgsci pnia posiadato seki do 3 cm
w ilosci 95% (odziomkowe) 1 98% (Srodkowe) (ryc. 7). Jesli
przyjac pozostate 2 do 5% jako sporadyczne wystgpowanie —
uzyskane sortymenty spetnialy wymagania obowiazujacych
przepiséw (cho¢ nalezy mie¢ na uwadze, iz norma PN-D-
95000:2002 opisuje dhugos¢, nie wysokos¢ sekow). Sorty-
menty wierzchotkowe w zdecydowanej wigkszosci stanowity
sortyment M1, w ktérym dopuszcza si¢ seki do 5 cm dtugos-
ci. W niniejszym badaniu wsrdd sortymentéw wierzchotko-
wych ponad 99% s¢koéw nie przekraczato 5 cm wysokosei.

Zwykle wysoko$¢ sekow po okrzesywaniu zalezy od gru-
bosci galezi, ale rowniez od gatunku. Z badan Mederskiego
(2013) wynika, iz na sortymentach ze starszych drzew sos-
nowych i brzozowych (IV klasa wieku) wysoko$¢ s¢kow po
okrzesywaniu byta wigksza niz na sortymentach z mtodszych
drzew (III klasa wieku). Jednoczes$nie u brzozy wskazane
roéznice byly wigksze.

5. Whnioski

Wykorzystanie pnia na sortymenty w trakcie wyrobki
przez harwester Vimek 404 T5 z glowica Keto Forst Silver
okazalo si¢ bardzo efektywne, zarowno w ramach grubizny
(surowiec S2a), jak réwniez w grupie drewna malowymia-
rowego M. Przecigtnie wykorzystano ok. 70% wysokosci
drzewa, a $rednia $rednica gorna bez kory wyniosta 5,3 cm.
Jednocze$nie wyrabiano sortymenty, ktérych najmniejsza
$rednica goérna bez kory wyniosta 2,9 cm, co potwierdza
mozliwo$¢ skutecznego wyrabiania przez harwester Vimek
404 TS5 sortymentow malowymiarowych M1 w drzewosta-
nach sosnowych II klasy wieku.

Zdecydowana wigkszos¢ (81%) wszystkich watkow miala
oczekiwang dhugos$¢. Najwicksza liczba watkow zbyt krot-
kich wsrdd sortymentow wierzchotkowych sugeruje, iz na-
lezy zweryfikowaé potrzebg wyrabiania sortymentéw M1,
z jednoczesnym przeznaczeniem catych ugatezionych czesci
wierzchotkowych do zrebkowania.

Jakos$¢ okrzesywania byla zblizona we wszystkich frag-
mentach pnia. Najwigkszy udziat najnizszych sekéw wysta-
pit na sortymentach wyrabianych ze srodkowych czgsci pnia.
Jednocze$nie najwigkszy odsetek najwyzszych sgkow ob-
serwowano na sortymentach odziomkowych, cho¢ podobne
wysokoS$ci wystapity na watkach wierzchotkowych. Ogodlnie
jako$¢ okrzesywania byla zgodna z obowigzujacymi regula-
cjami stosowanymi w Lasach Panstwowych.

Zastosowanie harwestera Vimek 404 TS z glowicg Keto
Forst Silver w 31-letnim drzewostanie sosnowym pozwolilo
na pelne wykorzystanie pnia na sortymenty, z jednoczesnym
uzyskaniem satysfakcjonujacych parametréw diugosci i ja-
kosci okrzesywania.
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Abstract. Obtaining high harvester efficiency in young pine stands during early thinning is achallenging management practice.
One of the difficulties lies in achieving the optimal use of the tree trunk for assortments and obtaining satisfactory timber quality.
The objective of this research was to find out 1) how much of the tree trunk can be processed by a harvester to produce logs, and
2) the quality of the assortments in terms of log length accuracy and delimbing quality. The work was carried out in a 31-year-old
pine stand in northern Poland with the Vimek 404 5T harvester with the Keto Forst Silver head for early thinning. Eighty sample
plots were set up within the stand for detailed tree analysis after harvesting. The total length of the assortments from each tree
was measured as well as the minimal top diameter (under bark). Additionally, the lengths of the bottom, middle and top logs were
measured as well as the height of the knots after delimbing. On average, 70% of the total tree height was used for assortments and
logs were processed up to a mean top diameter of 5.3 cm under bark. The length accuracy was very high: 90% of the logs had the
expected length, more than 9% had a commercially acceptable length, while only 0.7% of the logs were too long. After delimbing,
the knots were of a maximum height of 2 cm. Using the Vimek 404 ST harvester in the 31-year-old pine stand was an effective
solution for trunk processing and obtaining quality assortments.

Keywords: Pinus sylvestris L.; Vimek 404 T5; bucking accuracy; quality of delimbing

1. Introduction

The harvesters usually used for thinning and felling work
in coniferous tree stands are also sometimes used in mixed
or deciduous stands (Mederski 2013; Mederski et al 2018a;
Moskalik et al. 2017). The species structure of forests in
Poland, with mainly coniferous species occupying 69.6%
of the forest area (Lesnictwo 2014) favors mechanized har-
vesting (Mederski et al. 2016). At the same time, progress
has been observed in the mechanized logging of stands in
younger age classes, using processors (Stanczykiewicz et al.
2011; Stanczykiewicz et al. 2015) and harvesters (Mederski
et al. 2018Db) in early thinning.

Since the beginning of the last decade, the number of
harvesters used in Poland started to intensively increase
(Mederski et al.2016). In 2008, a total of 419 harvesters and
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forwarders were being used in the country. In three years,
this number increased almost twofold to 836 units, which
was the largest increase in the number of machines in all of
Europe (Zabierek, Wojtkowiak 2013). Research on changes
in the number of harvesters shows that in 2014, the there
were about 460 of them used in the State Forests, and in
2015 about 530 (Mederski et al. 2016).

The use of harvesters affects the quality of obtained logs.
The quality of logs should be understood as the accuracy of
delimbing, the accuracy of processing assortments in terms
of length and thickness, the absence of cracks after buck-
ing, damage to the trunk surface in the form of cuts to the
bark and wood from the delimbing knives, and damage to
the trunk surface from the spikes of feed rollers (Karasze-
wski et al. 2016b). As a result of logging work, both with a
chainsaw and a harvester, defects may occur in the form of
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too high knots, circular and straight cracks, as well as chip-
ping and splitting. Defects may also occur as a result of the
work of the harvester head — the lateral surface may become
distorted from the delimbing knives and the spikes of the
feed roller may result in incisions in the top layer of wood
(Karaszewski et al., 2016a).

Difficulties in logging of broadleaved species with har-
vesters are due to the trees' morphology. Broadleaves are
characterized by bigger curvatures, extensive crowns, and
large diameter branches (Mederski et al 2018a). Harvester
head also cuts assortments and their length is usually mea-
sured by a measuring wheel located in the central part of
the head frame. Depending on the characteristics of the raw
material, such as the curvature, the presence of bark, or icing
— inaccuracies may occur when cutting the assortments.

Difficulties in cutting assortments from coniferous and
broadleaved trees were the reason for undertaking research
on the accuracy of cutting assortments from different parts of
the trunk. At the stump, the occurrence of buttresses and flares
can be expected. In the apical, heavily branched parts of the
trees, there are branches as well as frequent curves. The best
part of the tree in terms of the absence of defects is the middle
part of the trunk, which was confirmed, among others, by the
studies of Rézanski (1993) and Mederski et al. (2018).

A comparison of the accuracy of cutting was also studied
in oak and alder stands, during the vegetation period and
outside of it. It was shown that greater length accuracy was
obtained during the growing season; moreover, alder assort-
ments were characterised by better length accuracy com-
pared to oak assortments (Karaszewski et al. 2017).

Karaszewski et al. (2016b) addressed the issue of the ac-
curacy of delimbing alder wood in comparison with pine and
spruce wood. The authors confirmed the best delimbing qu-
ality on the middle part of alder trunks and the middle part
of spruce trunks, while the worst quality delimbing occur-
red at the top of the alder trunks. The studies of Kusiak and
Sliwinski (2014) found that delimbing pine assortments with
a chainsaw was more accurate than with a harvester. At the
same time, the harvester was able to obtain a more accurate
length of trunks and logs compared to motor-manual logging.

The accuracy of cutting assortments can be particularly
important for selected methods of wood processing. Assort-
ments that are too long may pose difficulties for the paper
industry, while too short logs are undesirable, among others,
in the production of pallets or for garden furniture (Bem-
benek et al. 2015).

One of the first papers in the literature describing the ex-
tent of utilizing timber trunk and assortment quality with
the use of a harvester was published by Mederski (2013).
The study showed that the harvester may encounter diffi-
culties in processing and delimbing pine and birch assort-

ments already in III age class tree stands, and especially in
older, IV age class stands. Bearing in mind the results of
the above-mentioned research, it was decided to analyze the
effectiveness of logging timber with a harvester during early
thinning in a 31-year-old pine stand. The objective of this re-
search was to determine 1) the efficiency of trunk utilisation
by a harvester , and 2) the quality of the assortments in terms
of bucking accuracy and delimbing quality.

2. Material and methods
2.1. Study area

The research was carried out in a 31-year-old pine stand,
in the Bobolice Forest District (Regional Directorate of
State Forests in Szczecinek, Table 1).

Sample plots were designated along eight strip roads. The
sample plots of 100 m? each (10x10 m) were located on both
sides of the strip road, five areas on the left and five on the right
side of each strip road. The last meter of the sample plot on the
left was the first meter of the plot on the right (Fig.1).

The plots were consecutively numbered (a total of 80 plots),
the corner trees were marked with a painted horizontal bar at
eye level. The trees intended for thinning were also marked
with paint, two diagonal strips at a height of approx. 1.5 m. The
marks were visible from each of the neighboring roads. The
measurements taken of the trees to be removed were:

1) DBH, twice crossed to the nearest 0.1 cm, the result was
rounded up to 0.5 cm;

2) tree height with a HAGLOF EC II clinometer with an
accuracy of 0.1 m, the result was recorded with an accuracy of
0.1 m.

2.2. The harvester used

The Vimek 404 T5 thinning harvester with a 4.6 m long
Mowi 2046 crane (Table 2) was used for the treatment (Fig.
2). The harvester was equipped with a Keto Forst Silver
head, with a maximum cutting diameter of 30 cm (Table 2).

For a 2.15 m wide harvester, roads with a width of ap-
prox. 3 m were prepared by removing one row of trees. The
roads were 20 m apart (distance measured between the axes
of the roads).

The Keto head, which allows trunks up to 25 cm in diam-
eter to be delimbed at a speed of 4 m s™!, was equipped with
three cutting knives (Table 2).

Two types of assortments were made from the harvested
trees: pulp wood and chip wood. In both cases, the expected
length was 2.50 m. To obtain the expected length, the length
in the harvester computer was set with an excess of 5 cm, i.e.
2.55 m with a deviation of + 0.02 m.
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Table 1. Stand characteristics, as for 1% January 2015

A . DBH Height Stock
Compartment [l:]a Stand layer Share, species Age [years] [em] Fxf] [m:});r‘]
108h 11.27 Main stand 90% Pine 31 13 11 137
10% Birch 31 13 12 10
sporadically 31
Spruce
sporadically 31
Larch
Shrub layer Birch
Spruce
Juniperus

DBH - diameter at breast height

sample pot 10m

Figure 2. Harvester Vimek 404 T5 during bucking of assortments

strip road

2.3. Utilization of the trunk for assortments

In order to determine how much of the trunk was used
for the assortments, the number of pieces of logs made from
one tree was recorded. The number of logs multiplied by
the length (2.5 m) was the total length of the assortments
obtained from one tree. In addition, on a sample of 70 trees,
I the upper diameters without bark (single horizontal mea-
surement) on the last logs obtained from the highest, apical
Figure 1. Layout of sample plots along strip road parts of the tree were measured.
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Table 2. Technical data of Vimek 404 T5 harvester and harvester head Keto Fors Silver

Harvester Vimek 404 T5 Clearance 400 mm
Engine Weight 4.1 t with head
Make, type CAT 2.2 (T) Harvester head Keto Forst Silver

Number of cylinders 4 Height without rotator 1050 mm
Maximum power 44.7 kW Height with rotator 1250 mm
Capacity 2216 cm? Width (opened) 830 mm
Crane Width (closed) 580 mm
Make, type Mowi 2046 Weight 297 kg
Length 4,6 m Maximal cutting diameter 300 mm

Gear box Maximal delimbing diameter 250 mm

Gear box drive Hydraulic engine Number of delimbing knives 3

Gear box transmission Mechanical Maximal working pressure 200 bar
Hydraulic system Optimal oil flow 120 I min™!
Pressure 220 bar Length of chaisaw bar 14"

Flow 120 1 min' maximum Type of feeding mechanism drum with caterpilar
Size Feeding force 10 kKN

Tires 405/70-24 Maximal tree weight 400 kg
Length 3350 mm Maximal feding speed 4ms’!

Width 2150 mm

Height of the cabin roof 2.8m

2.4. Bucking accuracy

In order to determine bucking accuracy, the trunk length
from the bottom, middle and top parts of the trees was me-
asured, 70 items from each zone. The logs from the middle
zone of the tree were determined as one or several logs obta-
ined from between the bottom and top parts of the trunk. The
length was measured to an accuracy of 1 cm.

2.5. Delimbing quality

In order to determine the delimbing quality, the height
of the knots (h) and their width (s) at the base were mea-
sured (Fig. 3).The height was determined as the distance
from the lateral side to the highest point above the base
of the knot. For measuring the height, the final part of the

knot was not taken into account in the height measurement,
because it was often long and very thin, and may have re-
sulted in an uncertain correct height. The width was mea-
sured at the base of the knot, perpendicular to its axis and
the axis of the trunk.

Height and width were measured to an accuracy of 1
mm. Knots with a base of less than 1 cm (in the bark) were
not considered. All measured knots were divided into four
height categories: 1) low: 0 — 10 mm; 2) medium: 11 — 30
mm; 3) high: 31 — 50 mm; 4) very high: >50 mm.

The method of measuring the height of knots after delimb-
ing is not described in the standards. Due to the lack of un-
equivocal guidelines on measuring the height of a knot (e.g.
whether to take into account the thin strip of wood and bark
at the highest point of the knot after a branch was severed), a
decision was made for the purpose of this study to measure
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the height of the knot as shown in Figure 2. At the same time,
it was assumed that pulp wood and chip wood meet the condi-
tions of having been properly prepared by the harvester if they
were delimbed to a good or adequate degree.

In this study, a knot was defined as the remnant of a
branch protruding out from the side of the log, according to
the nomenclature used in the standard (PN-D-95000:2002).

Descriptive statistics were used in the data analyses. The
variability of the characteristic depending on the examined
factor was determined by the coefficient R2. All calculations
were made using Excel spreadsheets.

Figure 3. Knot feature measurements: h — height [mm], s — width
[mm]

3. Results
3.1. Utilization of the trunk for assortments

The harvested trees had an average DBH of 11.6 cm and
a height of 12.0 m, with the thickest trees at 25.0 cm (Table
3). An average of three to four logs with an average length
of 8.45 m was obtained from one tree.

The length of the remaining tree tops amounted to an av-
erage of 3.58 m, or about 30% of the height of the tree. The
total length of the obtained logs depended on the DBH of
the tree (Fig. 4), but also on its height (Fig. 5). In the second
case, this dependence was stronger (R?=0.60).

The utilization of the trunk was also determined in the
form of the upper diameter of the last log obtained from the
highest part of the tree, which amounted to an average of 5.3
cm without bark (tab. 4).

3.2. Bucking accuracy

The majority (22%) of logs obtained at the length set by
the harvester computer (2.55 m) were from the middle part
of the trunks (fig. 6).

In general, 19% of the logs did not meet the condition of
the expected length, i.e. they did not fall within the range
of 2.50 to 2.57 m (fig. 6).The largest percentage of trunks
of the expected length were obtained from the middle part
of the trunks (87%), the least from the top part (74%). The
assortments from the middle zone were characterized by the
lowest variation in length (standard deviation of 0.05), the
most varied lengths were obtained from the assortments of
the top zone (standard deviation 0.11; tab. 4).

The average length of the middle logs (2.54 m) was the
closest to the length set in the harvester computer (2.55 m).

3.3. Delimbing quality

The obtained assortments were generally well delimbed,
and the average height of knots amounted to a little over 1
cm only on the delimbed logs (tab. 5).

The highest knots appeared on the bottom and top logs.
The lowest knots were observed on the middle logs, about
25% lower than on the knots on the bottom logs. In general,
the height of the knots was slightly dependent on their thick-
ness, which was indicated by the low coefficient R?=0.14.
Over 70% of the knots did not exceed a height of 10 mm,
and medium-sized knots constituted about 25% of all ana-
lyzed remains of branches (fig. 7).

Table 3. Parameters of harvested trees and obtained assortments, descriptive statistics

DBH [cm] Height [m] I;I;Ebj;:frﬁ;gl: E(:)tzll i:::egtt?uzlf( 1[0ng Remaining tree top [m]
Mean 11.60 12.00 3.40 8.45 3.58
Median 10.50 12.10 3.00 7.50 3.50
Minimum 7.00 5.90 0.00 0.00 0.00
Maximum 25.00 17.80 5.00 12.50 8.40
Standard deviation 3.75 1.89 0.85 2.13 1.38
N 347 347 347 347 347




50 P.S. Mederski et al. / Le$ne Prace Badawcze, 2019, Vol. 80 (1): 45-53

4. Discussion
4.1. Utilization of the trunk for assortments

The utilization of the trunk for assortments is a very im-
portant element of the efficiency of mechanized logging.
Achieving an efficiency that guarantees a favorable eco-
nomic result is very difficult in stands of younger age class-
es (Mederski et al. 2018b), in which operators' have little
interest in cutting assortments from the thinnest trunks for
the sake of high efficiency. At an average tree height of 12
m, the total length of the harvested yields reached an aver-
age of 8.45 m at an average mean top diameter of 5.3 cm

5
g 150
go £ 120
5 € 90 /—\
< 2
céo ‘é 6.0
25 30 8
< R?2=0.46
5 0.0
5.0 10.0 15.0 20.0 25.0
DBH [cm]

Rycina 4. Relationship between total length of logs and DBH
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12.0
9.0
6.0

3.0
R?=0.60
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Total length of logs from
one trunk [m]

Tree height [m]

Figure 5. Relationship between total length of logs and tree height
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Figure 6. Histograms of lengths of bottom, middle and top logs

without bark. This diameter is similar to the minimum top
diameter for pulp wood of the PN-D-95018:1991 standard
(withdrawn on August 1, 2014) or in the ordinances of the
General Directorate of State Forests (Regulations 33 and
34), which assumes the production of medium-sized timber
from a size of 5 cm without bark.

Difficulties in fully utilizing the usable stock were ob-
served during the logging of pine and birch with a harvester
(Mederski 2013). Using a Sampo Rosenlew harvester with
a Keto 150 LD head to log pine trees aged 46 and 61 years
resulted in an upper diameter with bark of 9.4 and 10.6 cm
respectively (average values). For birch, these values were
higher and amounted to 12.3 and 16.2 cm, respectively. In
each of the analysed cases, the size of the upper diameter
correlated with DBH, however, this dependence was weak-
est for the 46-year-old pines (correlation coefficient of 0.43).
In other studies determining the effectiveness of using oak
stock (61 years) obtained using a Ponsse Ergo harvester with
a H7 head, the upper diameter with bark was 13.3 cm (mean
value), and its size was also related to DBH (Mederski et al.
2018). In this study, the relationship between the top diame-
ter and DBH was not determined because during harvesting,
assortments from several trees were laid in one bunch and
it was difficult to determine the tree from which a given top
log assortment was made. At the same time, the upper di-
ameter parameter for top log assortments was characterized
by the smallest standard deviation (tab. 4), which suggests
that regardless of diameter, the diameter of the upper part

Table 4. Parameters of bottom, middle and top logs, descriptive
statistics

Bottom logs Middle logs Top logs

g g E]

- & = & = &

E 5 & 3 E 3

< 5] < 151 < 15}

B g B g B g

5 & & & & &

-5 7 5 7 8

= &= &=
Mean 253 957 254 817 250 532
Median 2.53 9.10  2.55 7.60 254 490

Minimum 215 500 221 390 212 290

Maximum 297 2110 260 18.80 2.60 1540

Standard 009 332 005 268 011 178
deviation
N 0 70 70 70 70 70
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Table 5. Parameters of knots from bottom, middle and top logs,
descriptive statistics

Bottom logs Middle logs Top logs
T E T E &§ &
E £ E £ E &
= = = = = =
=) 8o ] .80 ] =
= = = = = =
Mean 20.41 1040 1945 7.53 17.78 9.73
Median 18.00 500 20.00 5.00 15.00 7.00

Minimum 10.00  0.00 10.00 0.00 10.00 0.00

Maximum 99.00 130.00 55.00 60.00 50.00 72.00

Standard 11.68 1569 7.63 879 753 10.19
deviation
N 287 287 452 452 459 459

of the tree was relatively constant. This parameter indicates
that the Vimek 404 TS5 Harvester with the Keto Forst Silver
head performed very well in producing assortments of the
top parts of 31-year-old pine. The factors that affected the
good results of delimbing and bucking accuracy are mainly
the thin branches (about 2 cm, tab. 5) and straight trunks
observed during the study.

4.2. Bucking accuracy

The analysis of all logs showed that 81% fulfilled the
condition of the expected length, from 2.50 to 2.57 m (fig.
6). The deviation of £2 cm set by the operator should be
considered as proper, the excess of 5 cm was also well cho-
sen. The share of logs with lengths from 2.53 to 2.54 cm
was significant: 28% from the bottom, 31% from the mid-
dle and 24% from the top (fig. 6). The bottom and middle
logs did not exceed 2.62 cm in length. The exception was
one log, 2.97 m long. This length was most likely due to the
particular situation that hindered delimbing, and not from a
measurement error.

In terms of chip wood, overly long logs only cause trans-
port problems. In the analyzed case, the longest pieces were
2.60 m and can be considered acceptable.

In both cases, too short pulp and chip logs are a loss for
the timber buyer when calculating volume. Volume mea-
surement and calculation is based on a standard length — too
short logs reduce the volume of the purchased raw material,
and about 12% of all logs of the analyzed sample were too
short. This may be the subject of a complaint from the buyer,

26
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Figure 7. Share of knots with different heights on bottom, middle
and top logs

which increases the costs of obtaining and preparing the raw
material for sale. Nevertheless, shorter than expected assort-
ments of medium-sized wood for general purposes will not
disqualify it for further processing. These logs, after being
prepared in drum debarker, can be chipped and designated
for technological processing.

It is also worth noting that the errors in length measure-
ment in bucking assortments occur not only when logging
with a harvester, but also when bucking with a chainsaw.
Analysis of the obtained lengths of deciduous assortments
made using a chainsaw showed that with a tolerance of +2
cm, deviations in the set length occurred in 30% of cases (
ZinkeviCius et al.2012) .

The close share of bottom and top assortments deviat-
ing from the required dimension contradicts the studies of
Nieuwenhuis and Dooley (2006). These authors observed
deviations from -5% to +7% in the case of cutting spruce
longwood and shortwood, stating that the accuracy of length
measurement is better for bottom longwood than for logs cut
from the upper part of the stem. On the other hand, the lack
of differences between the lengths of assortments made from
the bottom and top part of the trunks were also confirmed by
Mederski et al. (2008), when analyzing this feature for aspen
shortwood and longwood.

As the cause of the measurement errors, Nieuwenhuis and
Dooley (2006) indicated the particularly strong branching
of the spruce, leaving snags behind after delimbing, as well
as curvatures occurring at the top part of the stems. Even
though the occurrence of top zone assortments deviating
from the expected size can be explained by similar causes
in the present study of 31-year-old pine, i.e. errors occurring
due to branching, the causes of the low accuracy in the bot-
tom zone are not conclusive.

The studies of Bembenek et al. (2014) on the accuracy of
producing birch and aspen assortments confirmed that the
thicker assortments (over 14 cm at the upper end without
bark) had a more accurate length compared to thinner ones
(less than 14 cm at the upper end without bark).

In our study, the maximum upper log diameter did not
exceed 21 cm without bark, and the average ranged from 5.3
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cm (top logs) to 9.5 cm (bottom logs). It should be remem-
bered that bucking accuracy is also influenced by the fit of
the head to the parameters of the tree being cut and the work
technique, which affects the accuracy of the length measure-
ment by the operation of the measuring wheel.

4.3. Delimbing quality

According to the standards (PN-D-95018:1991 and PN-
D-95019:1991), pulp and chip wood should be properly
delimbed from a very good to an adequate degree. Very
good delimbing means that the branches should be removed
evenly with the lateral surface of the wood. Adequate qual-
ity means that knots can be up to 5 cm long, occasionally
longer. At the same time, the regulations in force (Regula-
tion 2012a, b) specify that pulp wood wood obtained with
a harvester can be delimbed to a good degree (permissible
knots up to 3 cm long, occasionally longer). The larger share
of higher (up to 30 mm) snags in top zone assortments re-
sulted from the difficulty of delimbing the flexible branches
from the top parts of the trunk. At the same time, the highest
knots (over 30 mm) appeared more frequently on the bottom
zone assortment, because the thickest branches were present
in the lower part of the trunk (tab. 5).

Pulp wood wood obtained from the bottom zone and/or
partly from the middle zone of the trunk had up to 95% of
its knots up to 3 cm (from the bottom zone) or 98% (from
the middle zone) (fig. 7). If you take the remaining 2 to 5%
as an occasional occurrence — the obtained assortments met
the requirements of the applicable regulations (although it
should be remembered that the PN-D-95000:2002 standard
describes the length, not the height of the knots). The de-
cided majority of top zone assortments were chip wood as-
sortments, in which knots up to 5 cm long are allowed. In
the present study, over 99% of snags did not exceed 5 cm in
height in the top zone assortments.

Usually, the height of the knots after delimbing depends not
only on the thickness of the branches, but also on the species.
Mederski (2013) found that the height of the knots after delimb-
ing assortments of older pine and birch trees (IV age class) was
greater than on assortments of younger trees (III age class). At
the same time, birches exhibited greater differences.

5. Conclusions

The utilization of the trunk for assortments during log-
ging with a Vimek 404 T5 harvester and Keto Forst Silver
head proved to be very effective, for both pulp wood and
chip wood. On average, about 70% of the height of the tree
was used, and the average upper diameter without bark was
5.3 cm. At the same time, assortments were made, whose

smallest upper diameter without bark was 2.9 cm, which
confirms the possibility having the Vimek 404 T5 harvester
producing chip wood.

The vast majority (81%) of all logs were of the expected
length. The largest number of undersized logs among the
top zone assortments suggests that the need to produce chip
wood should be verified, with the simultaneous allocation of
the entire branched top part of the tree to chipping.

The delimbing quality was similar in all parts of the trunk.
The largest share of the lowest snags was found on assort-
ments made from the middle zone of the trunk. At the same
time, the highest percentage of the highest snags was observed
in the bottom zone assortment, although similar heights occu-
rred on top zone logs. In general, the delimbing quality met
the applicable regulations applied in the State Forests.

The use of the Vimek 404 T5 harvester with the Keto Forst
Silver head in the 31-year-old pine stand made it possible to
fully utilise the trunk for the assortments, and simultaneously
obtain satisfactory parameters of length and delimbing quality.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements and source of funding

The research presented in this work was partially finan-
ced by the Ministry of Science and Higher Education as part
of its support for the Research Potential of the Forest Utili-
zation Department for 2015.

References

Bembenek M., Mederski P. S., Karaszewski Z., Lacka A., Grzy-
winski W., Wegiel A., Erler J. 2015. Length accuracy of logs
from birch and aspen harvested in thinning operations. Turk-
ish Journal of Agriculture and Forestry 39: 845-850. DOI
10.3906/tar-1406-39.

Karaszewski Z., Bembenek M., Mederski P.S., Rosinska M., Tsi-
oras P.A. 2017. Bucking accuracy of alder and oak harvest-
ed in coppice stands during and after growing season. Annals
of Warsaw University of Life Sciences — SGGW Forestry and
Wood Technology 100: 66-71.

Karaszewski Z., Lacka A., Bembenek M., Mederski P.S., 2016a.
Rozmiar uszkodzen i strat olszowego drewna tuszczarskiego
pozyskanego harwesterem Valmet 911.4 z glowicg 360.2. Syl-
wan 160(12): 1002—-1009. DOT 10.26202/sylwan.2016060.

Karaszewski Z., Mederski P.S., Noskowiak A., Rosinska M., Lacka
A., Bembenek M. 2016b. Delimbing quality and bucking accu-
racy of alder, pine and spruce logs harvested by Valmet 911.4.
Annals of Warsaw University of Life Sciences — SGGW Forest-
ry and Wood Technology 95: 56-61.


https://doi.org/10.26202/sylwan.2016060

P.S. Mederski et al. / Le$ne Prace Badawcze, 2019, Vol. 80 (1): 45-53 53

Kusiak W., Sliwinski K. 2014. Ocena jakosci wyrabianych sorty-
mentow drzewnych w technologii r¢gczno-maszynowej i ma-
szynowej. Studia i materialy CEPL w Rogowie 39: 67-76.

Lesnictwo 2014. Gtowny Urzad Statystyczny, Warszawa.

Mederski P.S. 2013. Mozliwosci zastosowania harwestera do
pozyskiwania drewna w mieszanych drzewostanach brzozo-
wo-sosnowych. Wydawnictwo UP w Poznaniu, 109 s. ISBN
978-83-7160-707-5.

Mederski P.S., Bembenek M., Karaszewski Z., Pilarek Z., Lacka
A. 2018a. Investigation of Log Length Accuracy and Harvester
Efficiency in Processing of Oak Trees. Croatian Journal of
Forest Engineering 39(2): 173—181.

Mederski P.S., Karaszewski Z., Rosinska M., Bembenek M. 2016.
Dynamika zmian liczby harwesterow w Polsce oraz czynniki
determinujace ich wystepowanie. Sylwan 160(10): 795-804.
DOI 10.26202/sylwan.2016030.

Mederski P.S., Venanzi R., Bembenek M., Karaszewski Z., Ro-
sinska M., Pilarek Z., Luchenti 1., Surus M. 2018b. Designing
Thinning Operations in 2nd Age Class Pine Stands — Econo-
mic and Environmental Implications. Forests 9(6): 335. DOI
10.3390/9060335.

Moskalik T., Borz S.A., Dvoiak J., Ferencik M., Glushkov S.,
Muiste P., Lazdins A., Styranivsky O. 2017. Timber harvesting
methods in Eastern European countries: A review. Croatian
Journal of Forest Engineering 38(2): 231-241.

Nieuwenhuis M., Dooley T. 2006. The effect of calibration on the
accuracy of harvester measurements. International Journal of
Forest Engineering 17(2): 25-33.

PN-D-95018:1991. 1991. Surowiec drzewny. Drewno S$rednio-
wymiarowe. Wspdlne wymagania i badania. Polski Komitet
Normalizacyjny.

PN-D-95019:1991. 1991. Surowiec drzewny. Drewno malowy-
miarowe. Wspolne wymagania i badania. Polski Komitet
Normalizacyjny.

PN-D-95000:2002. 2002. Surowiec drzewny — Pomiar, obliczanie
migzszosci i cechowanie. Polski Komitet Normalizacyjny.
Rozanski H. 1993. Wydajno$¢ i doktadnos$¢ wyrobki drewna har-
westerem wysiegnikowym Lokomo FMG 990/756. Przeglqd

Technik Rolniczej i Lesnej 10: 18—19.

Stanczykiewicz A., Sowa J.M., Szewczyk G. 2011. Uszkodzenia
drzew i odnowienia w wyniku r¢czno—maszynowego pozyska-
nia drewna z wykorzystaniem urzadzen agregowanych z cig-
gnikami rolniczymi. Sylwan 155(2): 129—137. DOI 10.26202/
sylwan.2009233.

Stanczykiewicz A., Sowa J.M., Leszczynski K., Kulak D., Szewczyk
G. 2015. Uszkodzenia drzew i odnowienia w wyniku pozyskania
drewna z uzyciem urzadzen agregowanych z ciggnikami rolni-
czymi w trzebiezowych drzewostanach swierkowych. Sylwan
159(3):201-210, 2015. DOI 10.26202/sylwan.2014070.

Zarzadzenie 2012a. Zarzadzenie nr 33 Dyrektora generalnego
Lasow Panstwowych z dnia 17 kwietnia 2012 roku w sprawie
wprowadzenia Ramowych warunkow technicznych na drewno
$redniowymiarowe ogolnego przeznaczenia — S2AP. [Regula-
tion 2012a. Regulation No. 33 of the Director General of State
Forests of 17 April 2012 on the introduction of the Framework
technical conditions for medium-sized timber for general pur-
poses — S2AP.]

Zarzadzenie 2012b. Zarzadzenie nr 34 Dyrektora generalnego
Lasow Panstwowych z dnia 17 kwietnia 2012 roku w sprawie
wprowadzenia Ramowych warunkéw technicznych na drewno
$redniowymiarowe uzytkowe — S2B. [Regulation 2012b. Reg-
ulation No. 34 of the Director General of State Forests of 17
April 2012 on the introduction of Framework technical condi-
tions for medium-sized commercial timber — S2B.]

Zinkevi¢ius R., Steponavicius D., Vitunskas D., Cinga G. 2012.
Comparison of harvester and motor-manual logging in inter-
mediate cuttings of deciduous stands. Turkish Journal of Agri-
culture and Forestry 36: 591-600. DOI 10.3906/tar-1103-46.

Zabierek R., Wojtkowiak R. 2013. Liczba harwesterow i forwarde-
réw w Polsce. Drwal 9: 22-23.

Authors’ contribution

PSM, MB, ZK — study concept and structure of the scien-
tific article; PSM, KW — statistical analysis; PSM, ZK, MB
— literature review; PSM, KW, MB, ZK, MB, KN — manu-
script writing, verification of results and corrections.


https://doi.org/10.26202/sylwan.2016030
https://doi.org/10.26202/sylwan.2009233
https://doi.org/10.26202/sylwan.2009233

	_Hlk892979
	_Hlk891910
	_Hlk2667171
	_Hlk2668684
	_Hlk2669960
	_Hlk2668753
	_Hlk2671969
	_Hlk2669797
	_Hlk1955021
	_Hlk217571
	_Hlk892979
	_Hlk891910
	_Hlk3719613
	_Hlk3923400
	_Hlk3719580
	_Hlk3719792
	_Hlk3720931
	_Hlk3721195
	_Hlk3721332
	_Hlk3721515
	_Hlk3724057
	_Hlk3721671
	_Hlk3727478
	_Hlk3727574
	_Hlk3730084
	_Hlk3755363
	_Hlk3757147
	_Hlk3835453
	_Hlk3835630
	_Hlk3835703
	_Hlk3841718
	_Hlk3835823
	_Hlk3836210
	_Hlk3837002
	_Hlk3839660
	_Hlk3839985
	_Hlk3840143
	_Hlk3840503
	_Hlk3840571
	_Hlk3872076
	_Hlk3872132
	_Hlk3872356
	_Hlk3873381
	_Hlk3873465
	_Hlk3873517
	_Hlk3873866
	_Hlk3874940
	_Hlk3875072
	_Hlk3875237
	_Hlk3875268
	_Hlk3875523
	_Hlk3875763
	_Hlk3875825
	_Hlk3875928
	_Hlk3876543
	_Hlk3918878
	_Hlk3918992
	_Hlk3919030
	_Hlk3919431
	_Hlk3919536
	_Hlk3919571
	_Hlk3923445
	_Hlk3923425
	_gjdgxs
	_GoBack
	_Hlk896173
	_Hlk896409
	_gjdgxs
	_Hlk899775
	_Hlk900106
	_Hlk898061
	_GoBack
	DOI-10.2478-frp-2019-0004-en.pdf
	_Hlk495236363
	_GoBack
	_Hlk495236130
	docs-internal-guid-b647aaa4-4fde-ed64-7c
	docs-internal-guid-b647aaa4-503c-1013-af
	docs-internal-guid-b647aaa4-5044-b1b2-f6
	docs-internal-guid-b647aaa4-508f-6c49-fc
	_GoBack
	_gjdgxs
	_Hlk217571
	_Hlk892979
	_Hlk891910
	_Hlk2667171
	_Hlk2668684
	_Hlk2669960
	_Hlk2668753
	_Hlk2671969
	_Hlk2669797
	_Hlk3719580
	_Hlk3719792
	_Hlk3720931
	_Hlk3721195
	_Hlk3721332
	_Hlk3721515
	_Hlk3724057
	_Hlk3727574
	_Hlk3730084
	_Hlk3757147
	_Hlk3835453
	_Hlk3835630
	_Hlk3835703
	_Hlk3841718
	_Hlk3835823
	_Hlk3836210
	_Hlk3837002
	_Hlk3839660
	_Hlk3839985
	_Hlk3840143
	_Hlk3840503
	_Hlk3872076
	_Hlk3872132
	_Hlk3872356
	_Hlk3873101
	_Hlk3873156
	_Hlk3873255
	_Hlk3873333
	_Hlk3873381
	_Hlk3873423
	_Hlk3873465
	_Hlk3873517
	_Hlk3873866
	_Hlk3874940
	_Hlk3875072
	_Hlk3875151
	_Hlk3875237
	_Hlk3875268
	_Hlk3875523
	_Hlk3875763
	_Hlk3875825
	_Hlk3875928
	_Hlk3876543
	_Hlk3918878
	_Hlk3918992
	_Hlk3919030
	_Hlk3919431
	_Hlk3919536
	_Hlk3919571
	_Hlk3923445
	_Hlk3923425




