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Abstract

The purpose of the study was to determine the productivity of multi-stem cutting of pulpwood and delimbed energy
wood, along with the time consumption of cutting work phases performed with a tracked, forestry-equipped excavator
as the base machine and a Naarva EF 28 as the harvester head. On the basis of the time-study data collected, per-stem
time-consumption and productivity models were prepared for the multi-stem cutting of delimbed wood. In the multi-
stem cutting time-consumption model, productivity was explained in terms of stem volume and harvesting intensity
(number of stems removed per hectare). Productivity was expressed in solid cubic metres per effective hour (m*E_ h).

In the time studies, the multi-stem cutting productivity per effective hour was 12.8 m*E h and 233 stems/Eh, on
average. Cutting productivity per effective hour (m*/E h) increased as the stem volume of trees grew. On the time-study
sample plots, the lowest and highest values recorded for multi-stem cutting productivity per effective hour were 8.7 m*/E h
and 19.9 m¥E h, respectively. The corresponding stem-number figures for the extremes of cutting productivity were 347
and 183 stems/Eh. On average, the harvester head processed 1.9 stems per grapple cycle, while grapple loads processed via
the multi-stem method (at least two stems in the grapple at a time) accounted for 57% of all time-study data. In total, 2,267
stems were cut in the time studies consisting of 71 m® of pine pulpwood and 53 m® of multi-stem delimbed energy wood.

Calculations using the time-consumption model have shown that when the harvesting intensity was tripled from
800 to 2,400 trees/ha, the productivity of multi-stem cutting per effective hour increased by about one solid cubic
metre, whereas increasing the stem volume from 23 dm’ to 89 dm® doubled the cutting productivity per effective hour.
If the results of this study are generalised or compared with those of other studies, the amount of material and the
effects of the harvesting site and operators must be taken into account. The results indicate that the productivity of the
excavator-based harvester and the Naarva EF 28 harvester head was very high: at the same level as, or even better than,
that of wheeled harvesters equipped with a conventional multi- stem harvesting equipment. The machine concept studied
is a highly viable option for integrated harvesting of pulpwood and energy wood. Operation of the machine unit was
problem-free throughout the time studies, with no interruptions caused by breakdowns. Moreover, the harvesting quality

met the recommended standards.
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Introduction

Harvesting of industrial and energy wood on
first-thinning sites

In Finland, the area in need of first thinning each
year totals over 300,000 hectares (Korhonen et al.
2007). However, the current felled volume is consider-
ably lower than that required for good forest manage-
ment. In the 2000s, the area of first thinnings has been
slightly below 190,000 ha/year (Juntunen and Herra-
la-Ylinen 2010). In the long term, neglect of thinnings
will backfire, increasing the natural drain and slowing
both diameter growth at stand level and the forest-
owner’s flow of income (Hakkila et al. 1995). Neglect
of first thinnings is due to high logging costs caused
by the small size of the trees to be cut, low removal
per hectare, and poor harvesting conditions (Kéirha et

al. 2006ab, Oikari et al. 2010, Kérhd and Keskinen 2011).
The value of raw material can also be low in relation
to logging costs (Sirén and Tanttu 2001, Jylhi et al.
2010, Jylhd 2011). However, interest in benefiting from
the first thinnings has increased on account of the
improved harvest potential, greater use of forest chips,
and integrated harvesting of industrial and energy
wood. Of the total volume of mechanised cuttings in
2011, first thinnings accounted for 10.7%, other thin-
nings 30.8%, and regeneration cuttings 58.5% (Strand-
strom 2012). Most (approx. 60%) of the first-thinning
stands harvested in 20002007 were dominated by pine
(Kéarha and Keskinen 2011). The share of mixed stands
was 20% (Karha and Keskinen 2011).

Integrated harvesting of industrial wood and en-
ergy wood is a method wherein harvesting of indus-
trial and energy wood are integrated at some stage in
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the supply chain. The purpose of integrated harvest-
ing is to achieve the lower total procurement costs than
by separate harvesting of industrial wood and energy
wood (Kirhé et al. 2009, Laitila et al. 2010, Jylhé et al.
2010, Jylha 2011, Kérha et al. 2011a, Kérhd 2011). The
most commonly used cutting method in integrated
harvesting in first thinnings is the ”two-pile method”,
in which industrial wood is stacked separately from
stacks consisting of tops and other, delimbed or
non-delimbed, thinning wood that does not fulfil the
requirements applied for industrial wood (Kérhé et al.
2009, Laitila et al. 2010, Kérha et al. 2011a, Kérha 2011,
Lehtiméki and Nurmi 2011). Trees are cut to the prop-
er length — either by eye or by means of a measure-
ment system — and the amount of wood is measured
by weight with timber crane scales, usually during
forwarding (Lilleberg 2012).

The volume harvested in integrated harvesting is
linked to demand for industrial and energy wood, as
well as to the price paid for wood raw material (Pas-
anen et al. 2012). Removal of industrial and energy
wood can be influenced at stand level, on the basis
of the needs of the roundwood markets, by adjustment
of the pulpwood length and top diameter (Pasanen et
al. 2012). With an increased top diameter, the propor-
tion of industrial wood is lower, but pulpwood quali-
ty can be improved at the same time (Lilleberg 2012).
The costs of integrated harvesting are higher than
those of separate harvesting of energy wood, because
instead of one assortment there are at least two as-
sortments, which must be kept separate. If removal of
industrial or energy wood is likely to be poor at stand
level, integrated harvesting represents an unreasona-
ble option and harvesting as a single assortment is
recommended (Kérha 2011, Di Fulvio et al. 2011, Iwars-
son Wide 2011, Rieppo et al. 2011).

For integrated harvesting to be efficient, the har-
vester head must be capable of both multi-stem cut-
ting and delimbing. Multi-stem cutting of thin stems
makes harvesting more efficient, and the general qual-
ity requirements set for industrial wood require delimb-
ing of the pulpwood fraction. Multi-purpose harvest-
er heads for thinning stands are at their best on mixed
sites with pulpwood and energy-wood compartments
and combinations thereof. Versatility of the harvester
head can increase the utilisation rate of the base ma-
chine and even out the seasonal fluctuation in har-
vesting. Roller- and track-driven harvester heads can
be used for producing delimbed energy wood and
harvesting non-delimbed whole trees. If energy wood
is harvested as delimbed energy wood, the amount of
biomass falling on the forest soil is increased (Pas-
anen et al. 2012). One issue that can be considered
strength of integrated harvesting is found in the fact

that it can extend the raw-material base of forest chips
to include conventional thinnings that produce indus-
trial wood. Therefore, the availability of forest chips
can be improved.

Versatility of the base machine for evening out
seasonal fluctuations

On average, 1,900 harvesters and 1,970 forward-
ers are involved in harvesting roundwood in Finland
(Anon. 2011). Machinery on such a scale is fully uti-
lised for only around six months of the year, from
September to March (Anon. 2011). The seasonal na-
ture of wood procurement leads to under-utilisation
of forest machines and employee layoffs. Idle time
lowers the utilisation rate of forest machines and
whittles away at the profitability of the machine-con-
tracting business (Kérhé and Peltola 2004). Versatility
of machinery and transportation equipment represents
one way of achieving year-round employment and
ensuring the availability and stability of a professional
workforce.

Harvesting of energy wood is the major way to
even out seasonal fluctuation and find an appropri-
ate additional work for forest machines outside the
harvesting season without major modifications or in-
vestments in additional equipment (Kéarhi and Peltola
2004). Another way of evening out the seasonal fluc-
tuation in harvesting would involve utilising machin-
ery that is deployed seasonally in earthwork, forest
improvement, or peat production as base machines for
harvesters in logging operations during the autumn
and winter. At the same time, the number of conven-
tional harvesters would be reduced. The advantages
of work machines and tractors produced in the high
volumes include a purchase price that is lower than
that of forest machines and, outside the harvesting
season, the option of removing the forestry equipment
and using the base machine in the work for which it
was originally designed. A new forestry-equipped ex-
cavator or tractor can also present a viable alterna-
tive to a second-hand harvester. The investment in
additional equipment and work output would improve
the utilisation rate of the base machine while reduc-
ing the amount of capital tied up in the base machine
per hour of its operation. However, a contractor should
always bear in mind also the amount of work and
money required to render the investment in addition-
al equipment for the base machine profitable, with
sufficient return on capital (Jaakkola 2011).

In Finland, the use of excavators in logging is
relatively rare whereas their use is comparatively pop-
ular in North and South America, New Zealand, the
United Kingdom, and Ireland (Vaitidinen et al. 2004).
From the delivery figures for excavator-based harvest-
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ers listed by excavator retailers and harvester-head
manufacturers, one can estimate that 60-70 tracked
excavators are now being used for logging in Finland
(Kérha and Palander 2012). The results shown for prof-
itability of the use of excavator-based harvesters are
mainly positive, which would also speak in favour of
more extensive use of these harvesters for logging in
Finland (Niemi et al. 2002, Wang and Haarlaa 2002,
Vaiitidinen et al. 2004). It has been shown that the costs
per operation hour and logging costs of excavator-
based harvesters are competitive with those of wheeled
harvesters, although the productivity has been slightly
lower than that of purpose-built harvesters (Niemi et
al. 2002, Wang and Haarlaa 2002, Viitiinen et al. 2004).

Studies carried out by Metsédteho and the Univer-
sity of Joensuu / University of Eastern Finland (Ber-
groth et al. 2006, Bergroth et al. 2007, Palander et al.
2012, Kéarha and Palander 2012) have examined the
reasons for the low use of excavator-based harvest-
ers in Finnish logging. According to those interviewed
on the cutting sites, the key reason for the currently
low level of excavator utilisation lies in poor off-road
capabilities. Excavators’ performance on boulder fields
and slopes was deemed especially poor. In contrast,
excavators’ off-road capabilities were rated top-notch
in thinnings performed on peatlands and other flat
land. The second most important reason given was
that conventional wheeled harvesters are better suit-
ed to logging. It was also pointed out that the ergo-
nomics of excavator-based harvesters do not match
those of conventional harvesters. Other noteworthy
reasons cited include negative attitudes to excavator-
based harvesters among forest-owners and wood-pro-
curement organisations, the tradition in the Nordic
countries of using wheeled harvesters, lower produc-
tivity of excavator-based harvesters, lack of excava-
tor-based harvester models, and high prices of cutting
equipment.

Aims and objectives of the study

The purpose of the study reported here was to
determine the productivity of multi-stem cutting of
pulpwood and energy wood along with the time con-
sumption of cutting work phases performed with a
tracked, forestry-equipped excavator as the base ma-
chine and a Naarva EF 28 as a harvester head. With
the aid of the time-study data collected, per-stem time-
consumption and productivity models were prepared
for multi-stem cutting of delimbed wood. Under the
cutting-time-consumption model, the productivity was
explained in terms of stem volume and harvesting in-
tensity (i.e. the number of stems removed per hectare).
Productivity was expressed in solid cubic metres per
effective hour (m*E h). In addition, the results were

compared to findings from previous studies examin-
ing the harvesting of industrial and energy wood via
multi-stem and single-stem methods (Ryynénen and
Ronkko 2001, Kéarha 2006a, Karha et al. 2006b).

Material and methods

The machinery studied

The Naarva EF 28 is an accumulating harvester
head equipped with driven rollers, delimbing knives,
and guillotine cutting. Developed for multi-stem cut-
ting of pulpwood and delimbed energy wood from first
or early thinnings, the Naarva EF 28 harvester head
can be attached to a standard harvester, a 14-20-tonne
excavator, or a harwarder. The harvester head weighs
700 kg, and its maximum cutting diameter is 28 cm. The
cutting force of the guillotine cutting is 240 kN, and
the cutting time is 0.7 seconds. For the base machine,
the required hydraulic oil flow and pressure are 170 1/
min and 240 bar, respectively. Length measurement for
the timber is integrated into the feeding. The feeding
force of the harvester head is 13 kN, feed speed 4 m/
s, and feed diameter of the harvested stems in the range
2-39 cm. The height of the harvester head in cutting
position is 116 cm, and the maximum grapple opening
is 83 cm. The Naarva EF 28 harvester head is manu-
factured by Outokummun Metalli Oy / Pentin Paja Oy.

In the time study, the Naarva 28 EF was attached
to a 2011-model New Holland Kobelco E 135 B SR LC
D excavator equipped with Kesla Xtender 15H exten-
sion boom (Figure 1). The harvester head was mount-
ed on the extension boom, providing a total reach of
9.6 metres. The weight of the base machine, equipped
with a front plate, was 14,700 kg, and the power out-
put of the four-cylinder Mitsubishi DO4 FR diesel

Figure 1. New Holland Kobelco E 135 B SR LC D excava-
tor equipped with Kesla Xtender 15H extension boom and
Naarva EF 28 accumulating harvester head
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engine was 74 kW. The maximum delivery of the hy-
draulic system was 2 x 130 I/min. The main carriage of
the excavator had no tail-swing extension (Figure 1).
The excavator’s width, with 700-millimetre-wide heavy-
duty tracks, was 2 490 mm, and the ground clearance
was 445 mm. The tank for the stump-treatment liquid
(urea) was mounted on the top of the cabin, as the
Figure 1 shows.

The time study

The time studies of integrated harvesting of pulp-
wood and delimbed energy wood took place on 11-12
June 2012 in Punkaharju, eastern Finland, and were
carried out under natural lighting during the daytime.
The time-study plots were 25 m long and about 20 m
wide (the width of the excavator-harvester’s work path
as estimated beforehand), and the 30—40-year-old first-
thinning stand was pure Scots pine (Pinus sylvestris).
The area of the time-study plots (m?) was calculated
on the basis of an average strip-road spacing of 18.6
m (see Figure 9). The boundaries of the visibly num-
bered time-study plots were marked with ribbons and
poles on the stand. The total number of time-study
plots was 37 (Table 1). All of the stand’s undergrowth
had been cleared. During harvesting, the terrain con-
ditions on the time-study stand were estimated in line
with the Finnish classification system (Anon. 1990).
The factors assessed were load-bearing capacity,
roughness of terrain surface, and steepness of terrain.
On the basis of the measurements, the study stand was
classified as of terrain class 1 (easy conditions). Strip
roads were not marked beforechand but they were
planned by the harvester-operator during the cutting
work. The operator also chose the trees to be removed,
in accordance with silvicultural recommendations
(Anon. 1994). The total number of stems harvested
during the time study was 2,267.

The harvester-operator was a forest-machine en-
trepreneur who had 21 years of work experience in
driving wheeled harvesters and several weeks of work
experience in driving the excavator-harvester. Cutting
was carried out by application of the multi-stem cut-
ting of pulpwood and delimbed energy wood, and the
timber fractions were stacked into two separate piles
along the strip road (cf. Kéarhd 2011). In the experiment,
the pulpwood was harvested with a minimum top di-
ameter of 6 cm and a bolt length of 5 m. Stems that
were less than 10 cm thick at 1.3 m height were con-
sidered to be energy wood and were multi-stem-proc-
essed with the delimbing knives slightly opened (cf.
Iwarsson Wide 2009, Rieppo and Mutikainen 2011). The
target length of the delimbed energy wood was 5 m,
and the minimum top diameter was 3—6 cm. Stems that
were 10—15 cm thick at 1.3 m height were cut as one

five-metre pulpwood bolt and two five-metre bolts were
cut from stems that were more than 15 cm thick at a
height of 1.3 m. The operator has visually estimated
the diameter of the stems at that height. The tops of
pulpwood stems were multi-stem-processed and cut to
length for energy wood, with stacking into the same
pile along the strip road. The piling and bucking of
the timber fractions were similar to those in studies
by Rieppo and Mutikainen (2011) and Laitila and
Viitédinen (2013).

The time study was performed manually with a
Rufco0-900 field computer (Nuutinen et al. 2008). The
working time was recorded through application of a
continuous timing method wherein a clock ran contin-
uously and the times for different elements were sep-
arated from each other under distinct numeric codes
(e.g. Harstela 1991). When the entire work process was
recorded, the cutting functions had the highest prior-
ity then the moving and the arrangement elements.
Auxiliary time use (e.g. planning of work and prepara-
tions) was included in the work phases in which it was
observed. Effective working time was divided into the
following work phases:

* Moving — begins when the excavator-harvester
starts to move forward and ends when it stops mov-
ing to perform another activity. Moving can be divid-
ed into driving forward from one work location to
another, moving at the work location, and speeding up
the boom movements by moving the base machine
forward at the work location as necessary.

* Positioning to cut — begins when the boom starts
to swing toward the first tree and ends when the har-
vester head is resting on the tree before the felling
cut begins.

* Accumulating the felling — begins when the
felling cut starts and ends when the accumulated tree
bunch starts moving to the processing point (the
number of stems in each grapple bunch is recorded).

* Transferring the bunch of trees to the process-
ing point — the accumulated bunch of trees is moved
next to the strip road for delimbing and cross-cutting.
This work phase ends when the multi-stem feeding and
delimbing of the stem(s) starts.

* Delimbing and cross-cutting — begins when the
feeding rolls start to roll the stem(s) and ends when
the last cross-cutting is done and the remaining tree
top(s) is/are dropped from the harvester head.

* Arranging stems into piles — arrangement of
stems into piles, with similar timber assortments kept
together in the pile (separately outside the process-
ing phase).

* Moving tops and branches to the strip road —
moving of tops and branches to the strip road and
away from piles.
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* Driving in reverse — begins when the excava-
tor-harvester starts to move backwards and ends when
it stops moving to perform another activity. Moving
can be divided into driving backwards at the work
location and speeding up the boom movements by
moving the base machine backwards at the work lo-
cation as necessary.

* Delays — time that is not related to effective work
(repairs and maintenance, phone calls, etc.).

Measurement of the timber volumes harvested

The time study’s plot-wise mass and volume of
harvested stemwood (for both pulpwood and energy
wood) were measured during forwarding with the crane
scale. Forwarding was completed immediately after
cutting trials, on 13—-14.6.2012, with a John Deere 1110E
forwarder equipped with a Tamtron TBL-10 crane scale.
The crane model of forwarder was CF 510. Pulpwood
and energy wood were forwarded as separate assort-
ments. The harvested timber was weighed first at the
time-study plot during loading and a second time at
the roadside landing during unloading. The purpose
of the weighing at the roadside landing was to improve
on the accuracy of the first plot-wise value. The val-
ues for green tonnes of pulpwood and energy wood
were converted into solid cubic metres (m?) yielding
green density values of 861 kg/m* and 930 kg/m* (Anon.
2010, Lindblad et al. 2010). The total volume of the
harvested stemwood was 124 m?, of which 71 m? was
considered to be pulpwood and 53 m3 energy wood.

The moisture content of the forwarded stemwood
was verified and determined in accordance with Euro-
pean Standard CEN/TS 14774-2 for 8-12 wood disks
per load (cf. Spinelli and Magagnotti 2010). At the
roadside landing, the centimetre-thick disks were cut
from randomly selected stems at variable distance from
the butt, such that the butt, the mid-stem, and the top
wood were equally represented. The total number of
forwarder loads analysed was 12, for examination of;
in all, 13.9 kilos of fresh wood samples from pulpwood
and delimbed energy wood. According to laboratory
analyses, the moisture variation in the fresh stemwood
samples was 58-64% and the mean moisture of the
fresh stemwood was 61%.

Measurement of the stand data and harvesting
quality

Tree data were collected after timber-harvesting
from two 50 m? circular sample plots situated on the
time-study plots (Figure 2). From the sample plots,
number of remaining trees, mean height (m), mean di-
ameter at 1.3 m height (mm), and basal area (m?) were
recorded. The initial number of trees on a time-study
plot was obtained by summing the number of harvested

and remaining trees. The average volume (dm?) of
stems harvested on a time-study plot was calculated
by dividing the cutting removal (m®) by the number
of stems harvested. On the time-study plots, the av-
erage volume of the harvested stems varied in the
range 26—83 dm® (the mean 57 dm?) and the harvest-
ing intensity was 538-2,558 harvested stems per hec-
tare (Table 1).

In addition to basic tree data, both the width and
the spacing of strip roads were measured at 40-metre
intervals along the strip road. The width of strip roads
was measured using the “SLU method”, in which the
distances to the nearest trees were measured at the
right angles from the middle of the strip road, along a
distance of 10 m on each side (Bjorheden and Froding
1986). The measurement point on the trees was the
cutting level, and the width of the strip road was the
sum of the two distances (Bjorheden and Froding
1986). These measurements were accurate to within 1
cm. The distance between two parallel strip roads was
measured at the right angles from the middle of the
left-hand strip road to the middle of the right strip road.
The accuracy of these measurements was 10 cm.

Data analysis

The plot-wise time-study data recorded and the
stemwood volumes measured were combined as a data
matrix. The time consumption of the main work ele-
ments in the multi-stem cutting was formulated through

13m

The length of the time-study plot 25 m

13m

Figure 2. Location of the sample plots for stand measure-
ments in the time-study areas
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Table 1. Basic stand data for the time study plots 1-37

Initial Average  Mean Mean
Plot stand Removal, volume of diameter height of
No trees’ stems stems of remgining
' er ha per ha harvested, remaining trees, m
P dm® trees, mm ’
1 2557 1362 68.4 152 11.7
2 2421 1088 71.3 130 11.1
3 2343 1382 52.9 130 10.6
4 2544 1104 58.6 142 11.1
5 2277 1223 74.9 147 11.0
6 2787 1361 60.4 141 11.3
7 2230 936 56.4 115 9.9
8 2414 1096 67.2 125 11.4
9 2631 1382 60.6 131 10.4
10 2396 1250 59.8 126 11.0
11 2271 1203 62.7 150 11.4
12 2502 1261 741 150 11.8
13 2992 1356 57.0 99 10.0
14 3417 1595 53.1 123 10.4
15 4707 2354 30.7 106 9.6
16 4184 2558 31.0 153 10.3
17 3266 1673 45.8 122 10.6
18 2429 1131 67.1 166 12.0
19 2310 1115 66.2 115 10.6
20 2155 1231 61.9 128 10.9
21 2285 1229 67.8 140 11.3
22 3903 1712 421 169 12.2
23 1848 863 83.0 150 12.6
24 3416 1360 64.3 175 12.9
25 2859 1285 60.6 142 11.9
26 1917 865 58.0 145 11.4
27 2079 979 56.4 142 12.2
28 2333 1217 54.4 173 12.3
29 3416 1992 26.3 131 9.6
30 3616 1503 28.7 122 9.4
31 2392 538 29.6 102 9.4
32 2602 1375 43.5 128 10.3
33 2217 1109 45.4 167 11.6
34 2304 1091 73.2 139 11.2
35 2734 1470 47.0 145 11.4
36 2605 1290 63.9 122 10.9
37 2076 885 79.0 131 10.9

the application of regression analysis, in which the
harvesting conditions (the volume of harvested stems
and the number of stems harvested per hectare) were
independent variables. Several transformations and
curve types were tested, so that we could achieve the
symmetrical residuals for the regression models and
ensure the statistical significance of the coefficients.
The regression analysis was carried out with an SPSS
statistics application. The unit for calculation of ef-
fective time (E h) consumption was seconds per stem,
and the multi-stem cutting productivity was expressed
in solid cubic metres per effective hour (m*/E h). In the
regression modelling, the work phases of multi-stem
cutting were combined into three main work elements
as the moving, the accumulating fellings, and the
processing. The time used in moving was also includ-
ed in reverse. The work phases of positioning to cut,
accumulating felling, and transferring the bunch of
trees to the processing point were included in the
accumulation. Multi-stem delimbing and cross-cutting,
arrangement of stems into piles, and moving of tops

and branches to the strip road were included in the
main work element of processing.

Results

Distribution of work elements and the cutting
productivity recorded in the time study

In the time study, delimbing and cross-cutting
represented 30% of the total effective working time in
multi-stem cutting, and the share of felling or accu-
mulating fellings was 24%. The proportion of the po-
sitioning-to-cut stage was 16%. Moving and driving
in reverse between work locations represented 14%
and 5% of the effective working time, respectively.
Transferring the bunch of trees to the processing point
took 11% of the effective working time and arranging
stems into piles 0.3%. Moving tops and branches to
the strip road represented 0.1% of the effective work-
ing time.

In the time studies, the average multi-stem cut-
ting productivity recorded per effective hour was 12.8
m’/E h and 233 stems/E h. On average, the harvester
head processed 1.9 stems per grapple cycle, while
grapple loads processed by means of the multi-stem
method (i.e., at least two stems in the grapple at a time)
accounted for 57% of all time-study data. Cutting pro-
ductivity per effective hour (m*/E h) increased as the
stem volume of the trees rose (Figure 3). On the time-
study sample plots, the lowest and highest values
recorded for multi-stem cutting productivity per effec-
tive hour were 8.7 m*/E h and 19.9 m*/E h, respective-
ly (Figure 3). The average stem volume on the sample
plots of the cutting site varied from 26 to 83 dm? (Fig-
ure 3). Because the stem volume had afected the

~ Cutting productivity, m*/EOh === Cutting productivity, stems per EOh
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Figure 3. Cutting productivity recorded for the time plots,
by average volume of stems harvested (dm?), where cutting
productivity is expressed either as a number of stems or as
solid volume (m*) per E h.
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number of trees that fit into the harvester head, the
number of trees cut per effective hour decreased as
the trees’ stem volume grew. As for stems, the high-
est and lowest values recorded for cutting productiv-
ity per effective hour were 347 and 183 stems/E h, re-
spectively (Figure 3).

The time consumption models for the main work
elements

Moving time (TMow_ng) was dependent on the
number of stems harvested (Figure 4). The moving time
per stem harvested decreased as the number of stems
harvested per hectare increased; in such cases, it was
possible to cut more trees from a single work location.

The time consumption of moving was formulated as

T, . =9.163-0.859 In(x,)

Moving

where: TMoving = time for moving between work loca-
tions, expressed in seconds per stem; x, = number of
stems harvested, stems per hectare; > = 0.120.

@ Observed —— Function

o

S
*®e

3 4
N ’0?\‘\
>

LR AP *

w

per harvested stem
N
4

The time consumption of moving
between working locations, seconds

o

500 1000 1500 2000 2500 3000
The number of harvested stems, stems per hectare

o

Figure 4. The time consumption of moving between work
locations as a function of stems harvested per hectare

The most important productivity factors in the
multi-stem cutting were the average stem volume and
the number of stems in the harvester head per grap-
ple cycle. The latter value (N, o stems in the grapple) was
predicted on the basis of the average volume of the
harvested stems (Figure 5):

=0.761 + 58.194*1/x,

Number of stems in the grapple

where: N o = the average number of
X umber of stems in the grapple

stems in the harvester head per grapple cycle; x, = the

average volume of the harvested stems, dm?; r* = 0.809

The time consumed in accumulating fellings per

harvested stem (T/ga,-umuzazmg/ezzmg) was depepdent on the

number of stems in the harvester head in a grapple

cycle (Figure 6):

=4.542 +6.176*1/x,

Accumulating felling

where: TAccumulaling felling — the time for positioning to cut,
accumulating the felling, and transferring the bunch
of trees to the processing point, expressed in seconds
per stem; x, = the average number of stems in the

harvester head per grapple cycle; r* = 0.369.
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Figure 5. The number of stems harvested per grapple cycle
as a function of average stem volume, dm?
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Figure 6. The time consumption of accumulating fellings
(more precisely, positioning to cut + accumulating the fell-
ing + transferring the bunch of trees to the processing point)
per stem harvested, as a function of stems per grapple cycle

Processing time per harvested stem (Tpmmmg) was
modelled from the average volume of harvested stems
(Figure 7):

=-10.592 + 3.857 In(x,)

Processing

where: T, . = time consumption of multi-stem
rocessing

processing, expressed in seconds per stem; x, = the
average volume of the harvested stems, dm3; r> = 0.775.

The total time consumption (E h) of multi-stem
cutting per harvested stem (7, ) was obtained by
adding up the time-consumption values for the three
main work elements as follows:

TTotal - TMoving Accumulating felling Processing
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Figure 7. The time consumption of multi-stem processing
as a function of average stem volume

The productivity of the multi-stem cutting

Figure 8 describes the effective-working-time pro-
ductivity (E h) of the multi-stem cutting when the
harvesting intensity was 800, 1600, or 2400 stems per
hectare and the average volume of harvested stems
was within the range 23-89 dm?. Calculations using the
time-consumption model (7, ) showed that when the
harvesting intensity was tripled from 800 trees/ha to
2400 trees/ha, multi-stem cutting productivity per ef-
fective hour increased by about a solid cubic metre (1
m*/E h), whereas increasing the stem volume from 23
to 89 dm? have doubled the cutting productivity per
effective hour (Figure 8).

Number of stems harvested, 2400 stems per hectare
Number of stems harvested , 1600 stems per hectare
= Number of stems harvested, 800 stems per hectare

N

-
©

-
o

-
N

©

—

o

Cutting productivity, m°/Ech
w

o

23 32 41 50 59 68 77 86

Average volume of harvested stems, dm®

Figure 8. Cutting productivity (m’/E h) as a function of av-
erage stem volume and number of stems harvested per
hectare

The average spacing and width of strip roads

The strip-road spacing observed on the time-study
stand varied within the range 15.8 to 23.3 m, and the
average spacing was 18.6 m (Figure 9). The distances
observed between the strip roads were somewhat
shorter than the recommended minimum spacing of 20
m (Anon. 2003). The average width of the strip roads
was 417 cm, and their length varied between 370 and

470 cm (Figure 10). For the most part, the width of the
strip roads was within recommendations, i.e. the nar-
rower than the recommended maximum width of 400 cm
(Anon. 2003).

25
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—— Observation, m
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= = = = Average spacing: 18.6 m

Distance between strip roads, m
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The sequence number of the observation

Figure 9. The observed and average strip-road spacing on
the time-study stand

500

e

AN el

14 '\d

«

400

\./'\./v'

300
—®— Observation

= Average: 417

200

100

Width of the strip road, cm

123 456 7 8 9 10111213 141516 17 18 19 20 21 22
The sequence number of the observation

Figure 10. The observed and average width of the strip road
on the time-study stand

Discussion and conclusions

The purpose of the study was to examine the ef-
ficiency and functionality of an excavator-based har-
vester with multi-stem processing capability. The re-
sults show that the productivity of the Naarva EF 28
harvester head and excavator-based harvester was
very high, indicating that proper consideration should
be given to a machine + harvester-head combination
of this type when one is seeking well-functioning,
efficient, and economically safe machine solutions for
the harvesting of both industrial and energy wood from
young-thinning stands.

Figure 11 compares the productivity results of
this study with the results of previous studies of multi-
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stem cutting of whole trees (Kérhé et al. 2006b) and
single-stem cutting of industrial wood (Ryynédnen and
Ronkko 2001, Karha et al. 2006a) with wheeled harvest-
ers and conventional feeding harvester heads. The
comparison indicates that the cutting productivity of
the excavator-based harvester equipped with a Naar-
va EF 28 harvester head was clearly higher than that
of the single-stem method and almost the same as seen
in multi-stem cutting of whole trees (Figure 11). In
comparison of the results, it should be remembered that
the work method selected for the present study was
the so-called two-pile method. It has been observed
that this reduces cutting productivity by around 10%
relative to whole-tree cutting (in which there is only
one assortment to be collected) (Kdrhd and Mutikain-
en 2008). Moreover, both the industrial and energy
wood were harvested delimbed, which means that, in
comparison to the whole-tree cutting alternative, cut-
ting productivity was in principle lower by the amount
of the delimbing loss (Heikkila et al. 2006, Laitila 2012).

Medium-sized harvester & whole-tree cutting with multi-stem handling***
- - - - Naarva EF 28 & New Holland Kobelco E 135B SR

Small-sized harvester & single-stem cutting of pulpwood*

Medium-sized harvester & single-stem cutting of pulpwood **

Cutting productivity, m°/[Eoh
S
\\
\l
1
1
\
\
[}
\|
\\

20 35 50 65 80 95

Average volume of harvested stems, dm?®

Figure 11. The cutting productivity of an excavator-based
harvester equipped with Naarva EF 28 accumulating harvest-
er head compared to single-stem cutting with a small (*) and
medium-sized (**) wheeled harvester (Ryyndnen and Ronkko
2001, Kérha 2006a) or multi-stem cutting of whole trees with
a medium-sized wheeled harvester (***) (Kérhi et al. 2006b)

The productivity result was slightly higher than
that in the study of the Naarva EF 28 harvester head
and wheeled ProSilva 910 harvester carried out by TTS
(Rieppo and Mutikainen 2011). In the TTS study, cut-
ting productivity per effective hour for the integrated
harvesting of industrial and energy wood was 11.9 m?/
E,h when the average volume of the trees to be re-
moved was 79 dm?®. When all trees were harvested as
delimbed energy wood, productivity per effective hour
was 15.2 m’/E h with a stem volume of 82 dm’ (Rieppo
and Mutikainen 2011).

The productivity values obtained by TTS were at
the same level as those in the recent research by

Metséteho on the most common professional harvester
heads designed for harvesting industrial and energy
wood (Kérhi et al. 2010, Kérha et al. 2011b, Kérhi et
al. 2011c). However, the results of the present study
and those mentioned above should not be used for
comparisons between machines or harvester heads,
since the machine-operator has a great impact on pro-
ductivity, especially during thinning work (Sirén 1998,
Ryynénen and Ronkko 2001, Kariniemi 2006, Véétiin-
en et al. 2005). Instead, the results should be inter-
preted as indicating that — on suitable sites and with
a skilled operator — an excavator-based harvester in
combination with a Naarva EF 28 harvester head can
deliver the same level of productivity as convention-
al harvesters and harvester heads.

A key factor behind the high productivity results
was the flawless operation of the Naarva EF 28, espe-
cially in bunch delimbing and cutting, due to the ab-
sence of interruptions caused by chain failure. The
guillotine cutting system also worked well for felling
cuts. The good productivity is explained also by the
operator’s excellent skills and reasonable and efficient
use of the multi-stem processing capability of the
harvester head. In addition, the operator was able to
utilise the excavator’s rotating main carriage in the
cutting work and speed up the boom movements, by
moving the base machine forward and backward at the
work location as necessary. When reviewing the re-
sults, one should remember too that the cutting site
was a well-managed single-species stand that was
optimal for the properties of the harvester head and
base machine, as well as for the work method chosen.

Account must also be taken of the fact that the
results are based on only one, relatively small-scale
test. Therefore, they must not be used as a baseline
for productivity in determination of unit costs for the
integrated harvesting of industrial and energy wood.
Previous studies have shown that productivity curves
based on follow-up studies are significantly lower than
operating-hour productivity curves calculated on the
basis of time studies (Méki 1999, Ryynénen and Ronkkd
2001, Sirén and Aaltio 2003). The reasons for this in-
clude the fact that time studies based on brief work
on sample plots do not fully correspond to real-world
work. Accordingly, a long-term follow-up study would
give a more reliable picture of productivity in practice
(Ryynénen and Ronkkd 2001, Sirén and Aaltio 2003),
as well as of the functional and technical utilisation
rate of the base machine and harvester head in varia-
ble stand conditions, at different times of year.

References

Anon. 1990. Tavoiteansioon perustuvat puutavaran metsdkulje-
tusmaksut Eteld-Suomessa [Tariffs for timber forwarding

I 2013, Vol. 19, No. 2 (37) I (SSN 2029-9230

297



BALTIC FORESTRY
I THE CUTTING PRODUCTIVITY OF THE EXCAVATOR-BASED

in South Finland]. Metsdalan Kuljetuksenantajat ja Koney-
rittdjien liitto ry. (In Finnish)

Anon. 1994. Luonnonldheinen metsdnhoito — Metsidnhoitosu-
ositukset [Silvicultural recommendations for natural for-
estry]. 1994. Metsidkeskus Tapion julkaisu 6/1994. 72 pp.
(In Finnish)

Anon. 2003. Korjuujdlki harvennushakkuussa [Recommenda-
tions for harvesting quality for thinnings]. Metsdteho Oy.
33 pp. (In Finnish)

Anon. 2010. Maa- ja metsitalousministerién  asetus
kuormainvaa’an kdytostd puutavaran mittauksessa ja er-
ien erillddn pidosta annetun maa- ja metsdtalousminister-
ion asetuksen muuttamisesta [Statute of the Ministry of
Agriculture and Forestry for the use of loader-mounted
scales in the weighing of timber lots] (doc. no. 666/14/
2010, No. 8/10). 8 pp. (In Finnish)

Anon. 2011. Finnish Statistical Yearbook of Forestry. OSF;
Agriculture, forestry and fishery. Finnish Forest Research
Institute. 472 pp. (In Finnish)

Bergroth, J., Palander, T. and Kiirhi, K. 2006. Excavator-
based harvesters in wood cutting operations in Finland.
Metsanduslikud Uurimused — Forestry Studies 45: 74—88.
(In English)

Bergroth, J., Kirhi, K., Palander, T. and Keskinen, S.
2007. Tela-alustainen kaivukone hakkuukoneena [Appli-
cability of excavator-based harvesters]. Metsdtehon rap-
ortti 199. 36 pp. (In Finnish)

Bjorheden, R. and Froding, A. 1986. Ny rutin for gallring-
suppféljning [A new procedure for monitoring harvesting
quality in thinnings]. In publication: Ténk till gallringsfra-
gan. Sveriges lantbruksuniversitet, Institutionen for skogste-
knik, Uppsatser och Resultat 52: 71-76. (In Swedish)

Di Fulvio, F., Kroon, A., Bergstrom, D. and Nordfjell, T.
2011. Comparison of energy-wood and pulpwood thinning
systems in young birch stands. Scandinavian Journal of
Forest Research 26 : 339-349

Hakkila, P., Kalaja, H. and Saranpidi, P. 1995. Eteli-
Suomen ensiharvennusmidnnikot kuitu- ja energialdhteend
[The first-thinning stands of Scots pine in southern Fin-
land as a source of pulp and energy wood]. Finnish For-
est Research Institute Research Papers 582. 93 pp. (In
Finnish)

Harstela, P. 1991. Work studies in forestry. University of
Joensuu. Silva Carelica 18. 41 pp. (In English)

Heikkild, J., Laitila, J., Tanttu, V., Lindblad, J., Sirén,
M. and Asikainen, A. 2006. Harvesting alternatives and
cost factors of delimbed energy wood. Metsanduslikud
Uurimused — Forestry Studies 45: 49-56. (In English)

Iwarsson Wide, M. 2009. “Knickkvistning” — en intressant
metod for uttag av skogsbriansle i klen skog [Rough de-
limbing: An interesting method for harvesting energy
wood in smallwoods stands]. Resultat frdn Skogforsk 8/
2009. 4 pp. (In Swedish)

Iwarsson Wide, M. 2011. Var gar griansen? Massaved och/
eller energiuttag i klen gallring [Where is the breakpoint?
Extraction of pulpwood and/or energy wood in thinning
of small-dimension stands]. Resultat fran Skogforsk 9/
2011. 4 pp. (In Swedish)

Jaakkola, S. 2011. Vaadi tuottoa lisdlaiteinvestoinnille [Re-
member the return on capital when planning an invest-
ment in additional forest equipment]. Koneyrittdja 8/2011:
20-21. (In Finnish)

Juntunen, M.-L. and Herrala-Ylinen, H. 2010. Silvicul-
ture. In publication: Peltola, A. (editor). Finnish Statisti-
cal Yearbook of Forestry 2010. OSF; Agriculture, forest-
ry and fishery. Finnish Forest Research Institute, pp. 121-
166. (In Finnish)

HARVESTER /.../ IEEEEEEE .. LAITILA AND K. VAATAINEN [

Jylhd, P. 2011. Harvesting of undelimbed Scots pine (Pinus
sylvestris L.) from first thinnings for integrated produc-
tion of kraft pulp and energy. Dissertationes Forestales
133. 73 pp. (In English)

Jylhd, P., Dahl, O., Laitila, J. and Kirhi, K. 2010. The
effect of supply system on the wood paying capability
of a kraft pulp mill using Scots pine harvested from first
thinnings. Silva Fennica 44(4): 695-714. (In English)

Kirha, K. and Peltola, J. 2004. Metsikoneiden monikdyt-
toisyys [Versatility of the forest machinery]. Metsdtehon
raportti 181. 23 pp. (In Finnish)

Kirhi, K., Keskinen, S., Kallio, T., Liikkanen, R., and
Lindroos, J. 2006a. Ennakkoraivaus osana ensiharven-
nuspuun korjuuta [Pre-clearance as part of the harvest-
ing of first-thinning wood]. Metsédtehon raportti 187. 77
pp. (In Finnish)

Kirhi, K., Keskinen, S., Liikkanen, R., and Lindroos, J.
2006b. Kokopuun korjuu nuorista metsistd [Harvesting
small-sized whole trees from young stands]. Metsdatehon
raportti 193. 79 pp. (In Finnish)

Kiérhi, K. and Mutikainen, A. 2008. Moipu 400 ES ensi-
harvennuspuun integroidussa hakkuussa [The Moipu 400
ES in the integrated cutting of energy wood and round-
wood]. TTS:n tiedote 726. 6 pp. (In Finnish)

Kirhid, K., Laitila, J., Jylhd, P., Nuutinen, Y., and Kesk-
inen, S. 2009. Kokopuun paalaus tuotantoketjun tuotta-
vuus ja kustannukset [Productivity and costs of a supply
chain based on whole-tree bundling]. Metsédtehon raport-
ti 211. 61 pp. (In Finnish)

Kirhid, K., Mutikainen, A., Keskinen, S., and Petty, A.
2010. Integroidusti vai erilliskorjuuna — koko- vai ranka-
puuna ? [Integrated or separate harvesting — whole trees
or multi-stem delimbed shortwood ?]. Metsdteho Oy:n
tuloskalvosarja 2/2010. 40 pp. (In Finnish)

Kiérhd, K. 2011. Integrated harvesting of energy wood and
pulpwood in first thinnings using the two-pile cutting
method. Biomass and Bioenergy 35(8): 3397-3403. (In
English)

Kirhi, K. and Keskinen, S. 2011. Ensiharvennukset met-
siteollisuuden raaka-aineldhteend 2000-luvulla [First thin-
nings as a raw-material source in the 2000s]. Metsite-
hon tuloskalvosarja 2/2011. 29 pp. (In Finnish)

Kirhi, K., Jylhd, P. and Laitila, J. 2011a. Integrated pro-
curement of pulpwood and energy wood from early thin-
nings using whole-tree bundling. Biomass and Bioenergy
35(8): 3389-3396. (In English)

Kirhid, K., Kumpare, T., Keskinen, S. and Petty, A. 2011b.
Ponsse Ergo/H7 rankapuun hakkuussa ensiharvennuksella
[Cutting of multi-stem delimbed shortwood with a Pon-
sse Ergo/H7]. Metsidteho Oy:n tuloskalvosarja 1/2011. 43
pp. (In Finnish)

Kirhi, K., Mutikainen, A., Keskinen, S. and Petty, A.
2011c. Valmet 901.4/350.1 rankapuun hakkuussa ensihar-
vennuksella [Cutting of multi-stem delimbed shortwood
with a Valmet 901.4/350.1 for first-thinning stands].
Metsdteho Oy:n tuloskalvosarja 11/2011. 37 pp. (In Finn-
ish)

Kirhid, K. and Palander, T. 2012. Kaivukoneilla lisdresurssia
talvihakkuille [Excavator-based harvesters are a poten-
tial resource for winter cuttings]. Koneyrittdja 2/2012,
pp. 16—17. (In Finnish)

Kariniemi, A. 2006. Kuljettajakeskeinen hakkuukonetyon
malli — tydn suorituksen kognitiivinen tarkastelu [An
operator-specific model for mechanical harvesting — a
cognitive approach to work performance]. Helsingin yli-
opiston metsdvarojen kdyton laitoksen julkaisuja 38. 127
pp. (In Finnish)

I 2013, Vol. 19, No. 2 (37) I 1SSN 2029-9230

298



BALTIC FORESTRY

I THE CUTTING PRODUCTIVITY OF THE EXCAVATOR-BASED HARVESTER /.../ IEEEEEE.. LAITILA AND K. VAATAINEN

Korhonen, K.T., IThalainen, A., Heikkinen, J., Henttonen,
H., and Pitkdnen, J. 2007. Suomen metsdvarat met-
sidkeskuksittain 2004-2006 ja metsdvarojen kehitys 1996-
2006 [Forest resources of the Forest Centres in Finland
in 2004-2006 and the development of forest resources
in  1996-2006]. Metsditieteen aikakauskirja 2B/2007:
149-213. (In Finnish)

Laitila, J., Leinonen, A., Flyktman, M., Virkkunen, M.,
and Asikainen, A. 2010. Metsidhakkeen hankinta-ja
toimituslogistiikan haasteet ja kehittdmistarpeet [Chal-
lenges and development needs in forest chips’ procure-
ment and delivery logistics]. VIT Tiedotteita — Research
Notes 2564. 143 pp. (In Finnish)

Laitila, J. 2012. Methodology for choice of harvesting sys-
tem for energy wood from early thinning. Dissertationes
Forestales 143. 68 pp. (In English)

Laitila, J. and Viitidinen, K. 2013. Hakkuutyon tuottavuus
metsévarustellulla turvetuotantotraktorilla karsitun aines-
ja energiapuun korjuussa [The cutting productivity of a
forestry-equipped peat-contracting tractor in the cutting
of delimbed industrial and energy wood]. Manuscript sub-
mitted to Suo. 21 pp. (In Finnish)

Lehtiméki, J. and Nurmi, J. 2011. Energy wood harvesting
productivity of three harvesting methods in first thin-
ning of Scots pine (Pinus sylvestris L.). Biomass and
Bioenergy 35(8): 3383-3388. (In English)

Lilleberg, R. 2012. Energiapuun hankinnan niveltdiminen
osaksi metsdteollisuuden puunhankintaa [Integration of
energy-wood procurement as part of industrial roundwood
procurement]. Presentation at Lapin 54. Metsitalous-
paivit, 9-10.2.2012, Levi, Finland. 20 pp. (In Finnish)

Lindblad, J., Aijilid, O. and Koistinen, A. 2010. Energiap-
uun mittaus [Measurement of energy wood] (27.9.2010).
Metsidtalouden kehittdimiskeskus Tapio ja Metsdntutkimus-
laitos. 31 pp. (In Finnish)

Miki, J.-P. 1999. Runko-ohjattavat erikoistraktorit harven-
nushakkuussa [Frame-steered tractor-based harvesters in
thinnings]. Tyodtehoseuran monisteita 4/1999 (74). 78
pp. (In Finnish)

Niemi, S., Pulkkanen, T., Viitidinen, K. and Sikanen, L.
2002. Suometsien harvennushakkuiden korjuukalusto
[Logging machinery in thinning of peatland forests]. In
publication: Niemi, S., Finér, L., Laukkanen, H., Nousiain-
en, H, M., Sikanen, L. and Viitdinen, K. (editors). Suom-
etsdt — tulevaisuuden tukkipuustot. Finnish Forest Re-
search Institute Research Papers 830, pp. 33-57. (In
Finnish)

Nuutinen, Y., Viaitiinen, K., Heinonen, J., Asikainen, A.
and Réser, D. 2008. The accuracy of manually recorded
time study data for harvester operation shown via simu-
lator screen. Silva Fennica 42(1): 63-72. (In English)

Oikari, M., Kirhia, K., Palander, T., Pajuoja, H. and
Ovaskainen, H. 2010. Analyzing the views of wood
harvesting professionals related to the approaches for
increasing the cost-efficiency of wood harvesting from
young stands. Silva Fennica 44(3): 481-495. (In Eng-
lish)

Palander, T., Bergroth, J. and Kiirhd, K. 2012. Excavator
technology for increasing the efficiency of energy wood
and pulp wood harvesting. Biomass and Bioenergy 40
(May): 120-126. (In English)

Pasanen, K., Laitila, J., Anttila, P. and Pykildinen, J.
2012. Estimating the accumulation of energy- and pulp-
wood from integrated harvesting operations in young
forests with a ComBio decision support model. Peer-re-
viewed manuscript. 25 pp. (In English)

Rieppo, K. and Mutikainen, A. 2011. Naarva EF 28 inte-
groidussa ja energiapuun hakkuussa [Using a Naarva EF
28 for integrated and delimbed energy-wood harvesting].
TTS:n tiedote: metsdtyd, -energia ja yrittdjyys 8/2011
(753). 6 pp. (In Finnish)

Rieppo, K., Mutikainen, A. and Jouhiaho, A. 2011. Ener-
gia- ja ainespuun korjuu nuorista metsistd [Energy and
industrial wood harvesting from young forests]. TTS:n
julkaisuja 411. 102 pp. (In Finnish)

Ryyninen, S. and Ronkké, E. 2001. Harvennusharvesterei-
den tuottavuus ja kustannus [Productivity and expenses
associated with thinning harvesters]. Tyotehoseuran ju-
lkaisuja 381. 67 pp. (In Finnish)

Sirén, M. 1998. Hakkukonetyd, sen korjuujilki ja puustovau-
rioiden ennustaminen [One-grip harvester operation, its
silvicultural result, and possibilities for predicting tree
damage]. Finnish Forest Research Institute Research Pa-
pers 694. 179 pp. (In Finnish)

Sirén, M. and Tanttu, V. 2001. Pienet hakkuukoneet ja ko-
rjuri rdmeménnikon talvikorjuussa [Small one-grip har-
vesters in first thinnings for pine bogs]. Metsdtieteen
aikakauskirja 4/2001: 599-614. (In Finnish)

Sirén, M. and Aaltio, H. 2003. Productivity and costs of
thinning harvesters and harvester-forwarders. Internation-
al Journal of Forest Engineering 14(1): 39-48. (In Eng-
lish)

Spinelli, R. and Magagnotti, N. 2010. Comparison of two
harvesting systems for the production of forest biomass
from the thinning of Picea abies plantations. Scandina-
vian Journal of Forest Research 25: 69-77. (In English)

Strandstrom, M. 2012. Puunkorjuu ja kaukokuljetus vuonna
2011[Harvesting and long-distance transportation in
2011]. Metsidtehon katsaus nro 48. 4 pp. (In Finnish)

Viaitidinen, K., Sikanen, L. and Asikainen, A. 2004. Fea-
sibility of an excavator-based harvester in thinning of
peatland forests. International Journal of Forest Engi-
neering 15(2): 103-111. (In English)

Viitidinen, K., Ovaskainen, H., Ranta, P. and Ala-Fossi,
A. 2005. Hakkuukonekuljettajanhiljaisen tiedon merkit-
ys hakkuutulokseen tyopistetasolla [The significance of
a harvester operator’s tacit knowledge for cutting with a
single-grip harvester]. Finnish Forest Research Institute
Research Papers 937. 100 pp. (In Finnish)

Wang, J. and Haarlaa, R. 2002. Production analysis of an
excavator-based harvester: A case study in Finnish forest
operations. Forest Products Journal 52(3): 85-90. (In
English)

Received 19 December 2012
Accepted 28 November 2013

I 2013, Vol. 19, No. 2 (37) I (SSN 2029-9230

299



BALTIC FORESTRY
I THE CUTTING PRODUCTIVITY OF THE EXCAVATOR-BASED HARVESTER /.../ IEEEEEE.. LAITILA AND K. VAATAINEN I

HPOU3BOAUTEIBHOCTD XAPBECTEPA HA BA3E 3JKCKABATOPA IIPH
WHTETPUPOBAHHOM 3ATOTOBKH BAJTAHCOBOM U TOIIJIMBHOM JIPEBECHUHBI

10. Jlajiituaa u K. Barsaiinen
Pesrome

Llenpro maHHOTO HCCIENOBAHUS SABIAIOCH OMpEAETICHUE MPOU3BOAUTEIBLHOCTU 3aTOTOBKH METOJOM TPYNINOBOM
00paboTKM TOIUIMBHOM M AENOBOM IPEBECHHBI, a TAKXKE XPOHOMETPaXk 3TUX ONEpLHUil B yCIOBUAX, Koraa 6a30Boi MaIIMHOM
SIBJISUICSL TYCEHMYHBIH SKCKaBaTOp, a BAJIKy BBINONHsUIA XapBecTepHas roioBka Naarva EF 28. Ha ocHoBe coOpaHHOTO
MarepHana ObUIH pa3padoTaHbl MOJEIH 3aTpaT BPEMEHH U IPOM3BOAUTEIFHOCTH OTHOCHUTEIFHO KaXkKI0ro o0pabaTeiBaeMOro
CTBOJIa IIPH 3arOTOBKE METOAOM TIpyNHoBOH 00paboTku. B Mozmenm 3arpaT BpeMEeHH ONpPEAETHIN MPOM3BOAUTEIHHOCTH
pyOOK myTéM mpUMEHEeHHUs MoKa3arenell 00bEMa IeI0BOI YacTH CTBOJIA U KOJIMYECTBA 3aTOTOBICHHBIX AEPEBbEB Ha TeKTape.
[1pou3BOANTENBEHOCTD TPyAa Oblia BhIpaKEHA B IUIOTHBIX KYOMYECKHX METpax 3a OJHUH TPYH0dac (m3/EOh).

Cpenuuii noxasaresb MPOU3BOANTENLHOCTH 33 OIMH Tpymodac coctasun 12,8 m*/E h, 3a 310 Bpems GblI0 BBIpyOIeHO
233 nepesa. Ilo mepe yBenuueHuss KpyHOMEPHOCTH JPEBOCTOS TOKa3aTeNlb NPOU3BOJAMTENLHOCTH pyOKku (m*/E h)
yBenmuuBancs. Hibkaee 3HaueHNE TPOM3BOIUTEIHHOCTH Ha IIPOOHON IUTONIAaAN, IPOHEHHOH METOIOM TPYIITIOBOH 00paboTKH,
coctasuno 8,7 m*/E h u Bepxnee — 19,9 m*’/E h. B 3aBucumoctn 0T npoOHO#i MI0many MOKa3aTeln BapbUPOBAIIH: O 00hEMY
CTBOJA B Tpezenax 26-83 dm® (cpennuii nokasarens 57 dm?®) u mo 4nciy BbIpYOICHHBIX JEPEBHEB HA IEKTape - B Mpejesax
538-2558 mrt. (cpennuit nokazatens 1309 mT.). Ha konmdecTBo IepeBheB B Madke, 3aXBa4eHHOH 00OpYIOBAaHHEM, BIHSII
pa3Mep CTBOJA, HOJTOMY IIOKa3aTeNb YHCIIa BEIPYOJIEHHBIX JEPEBBEB 32 OAMH TPYJ0Yac YMEHBIIAJCS 110 MEpe YBEINUCHUS
KPYITHOMEPHOCTH APEeBOCTOsI. BepxHee 3HaueHHE MPOU3BOAUTEIHHOCTH PYOKH, BBHIPAXKEHHOE KOJHYIECTBOM CTBOJIOB,
coctaBuio 347 mt./Eh, nmxnee — 183 mr/Eh. B cpennem XapBsecTepHOi! TONOBKOM 33 OJMH 3aXBaT-UMKJ ObLIO 06paboTaHo
1,9 CTBOJIOB U 70JIs OMBITHOI TApTHH OT 00pabOTAHHOTO MaTeprala METOAOM IPYIIOBOM 00paboTKH (MUHMMYM [IBa CTBOJA
B Tauke) coctaBmiia 57%. 3a BpeMst XpOHOMETPaXKHBIX HCCIIEJOBAHUN OBUIO 3ar0TOBIEHO BCErO JIeCOMarepraoB 2267 T, U3
HuX 71 m?® cocHOBOro Gananca 1 53 m? TOIIMBHOIO TOHKOMEpA.

HccnenoBaHust ¢ MpUMEHEHUEM MOJIENIN 3aTpaT BPEMEHH ITOKa3alld, YTO MPU yBEIWYCHUH B TPHU pa3za KOIMUECTBA
BbIpyOJIeHHBIX JAepeBbeB Ha rekrape ¢ 800 mo 2400 mT mpoM3BOIUTEIBHOCTH PYOKHM METOIOM IpYIIOBOW 0OpaboTKH 3a
OJIMH TPyJ04ac YBEIMYHIACH IPUMEPHO HA OJMH IUIOTHBIH KyOOMETp W MpH YBeJIHYeHHH 0ObEMa cTBOJa ¢ 23 aM° mo 89 -
HPOU3BOJUTENLHOCT PYOKH 32 OIMH Tpyrodac yaBomach. IIpu 0600mIeHNH pe3ylIbTaToB U CONOCTABICHUH C Pe3yIbTaTaMu
JIpYTHX UCCIIEJOBAHMHA HEOOXOAMMO NPHHHMATh BO BHUMaHUE 00BEM MaTepHana, a TAakoke BILIOMINE Ha PE3yNbTaThl TaKHe
(haxTOpBI, KaKk 0OBEKT 3aTOTOBKH U OIIeparop MamuHEL. Ha 0CHOBaHUM pe3yJIbTaTOB UCCIIEIOBaHUS MOKHO CHETAaTh BEIBOX 00
OYEHb BBICOKOM YPOBHE MPOHM3BOAHMTEIBHOCTH 3KCKaBaTOPHOTO XapBecTepa M BanodHoi romoBku Naarva EF 28.
D¢ dexTuBHOCTH PabOTHI JAHHOTO KOMIUIEKCA CPAaBHHMA HJIH JIaXKe Jydllle, YeM y KOJIECHOH JIECHOI MallMHBI ¢ XapBECTEPHOM
TOJIOBKOHM JIsi TPyHIOBOH 00paboTku. MccienoBaHHas KOHIENIHS SBISETCS JOCTOWHBIM BapHAHTOM HHTETPUPOBAHHOM
3arOTOBKH JICJIOBOH M TOILIMBHOI IpeBecHHBI. Bo BpeMst XpOHOMETpaXKHBIX MCCIIeIOBAaHUH KOMIUIEKC paboran Gecriepe6oitno,
KaueCTBO 3aTOTOBUTEIHHBIX pabOT COOTBETCTBOBAIO PEKOMEHIYEMBIM HOPMaM.

KiroueBble cjoBa: UHTETPUPOBAHHAA 3aroTOBKaA, XapBECTEPHAas T'OJIOBKA € MNOI'PY30YHBIM 3aXBaTOM, 3KCKaBaTOp-
XapBeCTEP, NPOPEIKUBAHUE, OaylaHcoBast ApE€BECHUHA, OUHIICHHAA OT CYYbEB TOIJIMBHAsA JPEBECHUHA
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