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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 multistem 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 3/E 0 h).
In the time studies, the multi-stem cutting productivity per effective hour was 12.8 m 3/E 0h and 233 stems/E 0h, on
average. Cutting productivity per effective hour (m 3/E 0 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 3/E 0h
and 19.9 m 3/E 0h, respectively. The corresponding stem-number figures for the extremes of cutting productivity were 347
and 183 stems/E0h. 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 3 of pine pulpwood and 53 m 3 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 3 to 89 dm 3 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.
Key words: Integrated harvesting, accumulating harvester head, excavator-based harvester, first thinning, pulpwood,
multi-stem handling, delimbed energy wood

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 considerably lower than that required for good forest management. In the 2000s, the area of first thinnings has been
slightly below 190,000 ha/year (Juntunen and Herrala-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 forestowners 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 (Kärhä et
2013, Vol. 19, No. 2 (37)

al. 2006ab, Oikari et al. 2010, Kärhä and Keskinen 2011).
The value of raw material can also be low in relation
to logging costs (Sirén and Tanttu 2001, Jylhä et al.
2010, Jylhä 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 thinnings 30.8%, and regeneration cuttings 58.5% (Strandström 2012). Most (approx. 60%) of the first-thinning
stands harvested in 20002007 were dominated by pine
(Kärhä and Keskinen 2011). The share of mixed stands
was 20% (Kärhä and Keskinen 2011).
Integrated harvesting of industrial wood and energy wood is a method wherein harvesting of industrial and energy wood are integrated at some stage in
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the supply chain. The purpose of integrated harvesting is to achieve the lower total procurement costs than
by separate harvesting of industrial wood and energy
wood (Kärhä et al. 2009, Laitila et al. 2010, Jylhä et al.
2010, Jylhä 2011, Kärhä et al. 2011a, Kärhä 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 (Kärhä et al.
2009, Laitila et al. 2010, Kärhä et al. 2011a, Kärhä 2011,
Lehtimäki and Nurmi 2011). Trees are cut to the proper length  either by eye or by means of a measurement 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 (Pasanen 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 proportion of industrial wood is lower, but pulpwood quality 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 assortments, which must be kept separate. If removal of
industrial or energy wood is likely to be poor at stand
level, integrated harvesting represents an unreasonable option and harvesting as a single assortment is
recommended (Kärhä 2011, Di Fulvio et al. 2011, Iwarsson Wide 2011, Rieppo et al. 2011).
For integrated harvesting to be efficient, the harvester head must be capable of both multi-stem cutting and delimbing. Multi-stem cutting of thin stems
makes harvesting more efficient, and the general quality requirements set for industrial wood require delimbing of the pulpwood fraction. Multi-purpose harvester 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 machine and even out the seasonal fluctuation in harvesting. 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 (Pasanen et al. 2012). One issue that can be considered
strength of integrated harvesting is found in the fact
2013, Vol. 19, No. 2 (37)
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that it can extend the raw-material base of forest chips
to include conventional thinnings that produce industrial 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 forwarders are involved in harvesting roundwood in Finland
(Anon. 2011). Machinery on such a scale is fully utilised for only around six months of the year, from
September to March (Anon. 2011). The seasonal nature 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-contracting business (Kärhä 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 appropriate additional work for forest machines outside the
harvesting season without major modifications or investments in additional equipment (Kärhä and Peltola
2004). Another way of evening out the seasonal fluctuation in harvesting would involve utilising machinery 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 conventional 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 excavator or tractor can also present a viable alternative to a second-hand harvester. The investment in
additional equipment and work output would improve
the utilisation rate of the base machine while reducing 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 additional 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 popular in North and South America, New Zealand, the
United Kingdom, and Ireland (Väätäinen et al. 2004).
From the delivery figures for excavator-based harvestISSN 2029-9230
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ers listed by excavator retailers and harvester-head
manufacturers, one can estimate that 6070 tracked
excavators are now being used for logging in Finland
(Kärhä and Palander 2012). The results shown for profitability 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,
Väätäinen et al. 2004). It has been shown that the costs
per operation hour and logging costs of excavatorbased 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, Väätäinen et al. 2004).
Studies carried out by Metsäteho and the University of Joensuu / University of Eastern Finland (Bergroth et al. 2006, Bergroth et al. 2007, Palander et al.
2012, Kärhä and Palander 2012) have examined the
reasons for the low use of excavator-based harvesters 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 suited to logging. It was also pointed out that the ergonomics of excavator-based harvesters do not match
those of conventional harvesters. Other noteworthy
reasons cited include negative attitudes to excavatorbased harvesters among forest-owners and wood-procurement organisations, the tradition in the Nordic
countries of using wheeled harvesters, lower productivity of excavator-based harvesters, lack of excavator-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 consumption of cutting work phases performed with a
tracked, forestry-equipped excavator as the base machine and a Naarva EF 28 as a harvester head. With
the aid of the time-study data collected, per-stem timeconsumption 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 intensity (i.e. the number of stems removed per hectare).
Productivity was expressed in solid cubic metres per
effective hour (m 3/E 0h). In addition, the results were
2013, Vol. 19, No. 2 (37)
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compared to findings from previous studies examining the harvesting of industrial and energy wood via
multi-stem and single-stem methods (Ryynänen and
Rönkkö 2001, Kärhä 2006a, Kärhä 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 cutting 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 1420-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 l/
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
239 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 manufactured 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 extension boom (Figure 1). The harvester head was mounted 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 output of the four-cylinder Mitsubishi DO4 FR diesel

Figure 1. New Holland Kobelco E 135 B SR LC D excavator 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 hydraulic system was 2 x 130 l/min. The main carriage of
the excavator had no tail-swing extension (Figure 1).
The excavators width, with 700-millimetre-wide heavyduty 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 pulpwood and delimbed energy wood took place on 1112
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-harvesters work path
as estimated beforehand), and the 3040-year-old firstthinning stand was pure Scots pine (Pinus sylvestris).
The area of the time-study plots (m2 ) was calculated
on the basis of an average strip-road spacing of 18.6
m (see Figure 9). The boundaries of the visibly numbered 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 stands undergrowth
had been cleared. During harvesting, the terrain conditions 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 beforehand 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 entrepreneur 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 cutting of pulpwood and delimbed energy wood, and the
timber fractions were stacked into two separate piles
along the strip road (cf. Kärhä 2011). In the experiment,
the pulpwood was harvested with a minimum top diameter of 6 cm and a bolt length of 5 m. Stems that
were less than 10 cm thick at 1.3 m height were considered to be energy wood and were multi-stem-processed 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 36 cm. Stems that
were 1015 cm thick at 1.3 m height were cut as one
2013, Vol. 19, No. 2 (37)
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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
Väätäinen (2013).
The time study was performed manually with a
Rufco-900 field computer (Nuutinen et al. 2008). The
working time was recorded through application of a
continuous timing method wherein a clock ran continuously and the times for different elements were separated from each other under distinct numeric codes
(e.g. Harstela 1991). When the entire work process was
recorded, the cutting functions had the highest priority then the moving and the arrangement elements.
Auxiliary time use (e.g. planning of work and preparations) 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 moving to perform another activity. Moving can be divided 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 harvester 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 processing 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 processing phase).
 Moving tops and branches to the strip road 
moving of tops and branches to the strip road and
away from piles.
ISSN 2029-9230
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Measurement of the timber volumes harvested
The time studys 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 1314.6.2012, 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 assortments. 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 values for green tonnes of pulpwood and energy wood
were converted into solid cubic metres (m 3) yielding
green density values of 861 kg/m 3 and 930 kg/m3 (Anon.
2010, Lindblad et al. 2010). The total volume of the
harvested stemwood was 124 m 3, of which 71 m 3 was
considered to be pulpwood and 53 m 3 energy wood.
The moisture content of the forwarded stemwood
was verified and determined in accordance with European Standard CEN/TS 14774-2 for 812 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 5864% 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 2 circular sample plots situated on the
time-study plots (Figure 2). From the sample plots,
number of remaining trees, mean height (m), mean diameter at 1.3 m height (mm), and basal area (m 2) were
recorded. The initial number of trees on a time-study
plot was obtained by summing the number of harvested
2013, Vol. 19, No. 2 (37)

and remaining trees. The average volume (dm 3) of
stems harvested on a time-study plot was calculated
by dividing the cutting removal (m 3) by the number
of stems harvested. On the time-study plots, the average volume of the harvested stems varied in the
range 2683 dm3 (the mean 57 dm 3) and the harvesting intensity was 5382,558 harvested stems per hectare (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 (Björheden and Fröding
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 (Björheden and Fröding
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 elements in the multi-stem cutting was formulated through

The length of the time-study plot 25 m

 Driving in reverse  begins when the excavator-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 location as necessary.
 Delays  time that is not related to effective work
(repairs and maintenance, phone calls, etc.).
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Radius: 3.99 m
Area: 50 m 2

13 m

2m

13 m

4m

Figure 2. Location of the sample plots for stand measurements in the time-study areas
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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 effective time (E0h) consumption was seconds per stem,
and the multi-stem cutting productivity was expressed
in solid cubic metres per effective hour (m 3/E0h). 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 included 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

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 accumulating fellings was 24%. The proportion of the positioning-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 working time.
In the time studies, the average multi-stem cutting productivity recorded per effective hour was 12.8
m3/E 0h and 233 stems/E 0 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 productivity per effective hour (m 3/E0 h) increased as the
stem volume of the trees rose (Figure 3). On the timestudy sample plots, the lowest and highest values
recorded for multi-stem cutting productivity per effective hour were 8.7 m 3/E 0h and 19.9 m3 /E 0h, respectively (Figure 3). The average stem volume on the sample
plots of the cutting site varied from 26 to 83 dm3 (Figure 3). Because the stem volume had afected the
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and branches to the strip road were included in the
main work element of processing.
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Table 1. Basic stand data for the time study plots 137
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Average volume of harvested stems, dm

Figure 3. Cutting productivity recorded for the time plots,
by average volume of stems harvested (dm 3), where cutting
productivity is expressed either as a number of stems or as
solid volume (m3 ) per E0 h.
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The time consumption models for the main work
elements
Moving time (T Moving ) 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 Moving = 9.163 - 0.859 ln(x1)
where: T Moving = time for moving between work locations, expressed in seconds per stem; x 1 = number of
stems harvested, stems per hectare; r 2 = 0.120.

The time consumption of moving
between working locations, seconds
per harvested stem

Observed

Funct ion

T Accumulating felling = 4.542 + 6.176*1/x3
where: TAccumulating 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; x3 = the average number of stems in the
harvester head per grapple cycle; r2 = 0.369.
Observed

Model

4
The number of stems per grapple
cycle

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 highest and lowest values recorded for cutting productivity per effective hour were 347 and 183 stems/E 0h, respectively (Figure 3).
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Figure 5. The number of stems harvested per grapple cycle
as a function of average stem volume, dm3
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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 grapple cycle. The latter value (N Number of stems in the grapple) was
predicted on the basis of the average volume of the
harvested stems (Figure 5):
NNumber of stems in the grapple = 0.761 + 58.194*1/x 2
where: N Number of stems in the grapple = the average number of
stems in the harvester head per grapple cycle; x 2 = the
average volume of the harvested stems, dm 3; r2 = 0.809
The time consumed in accumulating fellings per
harvested stem (T Accumulating felling ) was dependent on the
number of stems in the harvester head in a grapple
cycle (Figure 6):
2013, Vol. 19, No. 2 (37)

Figure 6. The time consumption of accumulating fellings
(more precisely, positioning to cut + accumulating the felling + 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 (T Processing) was
modelled from the average volume of harvested stems
(Figure 7):
T Processing = -10.592 + 3.857 ln(x 2)
where: T Processing = time consumption of multi-stem
processing, expressed in seconds per stem; x 2 = the
average volume of the harvested stems, dm3; r 2 = 0.775.
The total time consumption (E 0h) of multi-stem
cutting per harvested stem (T Total ) was obtained by
adding up the time-consumption values for the three
main work elements as follows:
T Total = T Moving + TAccumulating felling +T Processing
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Observed

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

Model

Time consumption of multi-stem
processing, seconds per stem
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Figure 7. The time consumption of multi-stem processing
as a function of average stem volume

3

Cutting productivity, m /E0 h

The productivity of the multi-stem cutting
Figure 8 describes the effective-working-time productivity (E 0 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 dm3. Calculations using the
time-consumption model (T Total ) showed that when the
harvesting intensity was tripled from 800 trees/ha to
2400 trees/ha, multi-stem cutting productivity per effective hour increased by about a solid cubic metre (1
m3/E0 h), whereas increasing the stem volume from 23
to 89 dm 3 have doubled the cutting productivity per
effective hour (Figure 8).
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Figure 9. The observed and average strip-road spacing on
the time-study stand
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Figure 10. The observed and average width of the strip road
on the time-study stand
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Figure 8. Cutting productivity (m3 /E0 h) as a function of average 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
2013, Vol. 19, No. 2 (37)
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The purpose of the study was to examine the efficiency and functionality of an excavator-based harvester with multi-stem processing capability. The results 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 multiISSN 2029-9230
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stem cutting of whole trees (Kärhä et al. 2006b) and
single-stem cutting of industrial wood (Ryynänen and
Rönkkö 2001, Kärhä et al. 2006a) with wheeled harvesters and conventional feeding harvester heads. The
comparison indicates that the cutting productivity of
the excavator-based harvester equipped with a Naarva 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) (Kärhä and Mutikainen 2008). Moreover, both the industrial and energy
wood were harvested delimbed, which means that, in
comparison to the whole-tree cutting alternative, cutting productivity was in principle lower by the amount
of the delimbing loss (Heikkilä et al. 2006, Laitila 2012).

3

Cutting productivity, m /E 0h
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Sm all-sized harves ter & single-s tem c utting of pulpwood*
Medium-sized harves ter & single-stem c utting of pulpwood **
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Figure 11. The cutting productivity of an excavator-based
harvester equipped with Naarva EF 28 accumulating harvester head compared to single-stem cutting with a small (*) and
medium-sized (**) wheeled harvester (Ryynänen and Rönkkö
2001, Kärhä 2006a) or multi-stem cutting of whole trees with
a medium-sized wheeled harvester (***) (Kärhä 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, cutting productivity per effective hour for the integrated
harvesting of industrial and energy wood was 11.9 m³/
E 0 h when the average volume of the trees to be removed was 79 dm 3 . When all trees were harvested as
delimbed energy wood, productivity per effective hour
was 15.2 m3/E 0h with a stem volume of 82 dm3 (Rieppo
and Mutikainen 2011).
The productivity values obtained by TTS were at
the same level as those in the recent research by
2013, Vol. 19, No. 2 (37)
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Metsäteho on the most common professional harvester
heads designed for harvesting industrial and energy
wood (Kärhä et al. 2010, Kärhä et al. 2011b, Kärhä 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 productivity, especially during thinning work (Sirén 1998,
Ryynänen and Rönkkö 2001, Kariniemi 2006, Väätäinen et al. 2005). Instead, the results should be interpreted 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 conventional harvesters and harvester heads.
A key factor behind the high productivity results
was the flawless operation of the Naarva EF 28, especially in bunch delimbing and cutting, due to the absence of interruptions caused by chain failure. The
guillotine cutting system also worked well for felling
cuts. The good productivity is explained also by the
operators 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 excavators 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 results, 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 (Mäki 1999, Ryynänen and Rönkkö
2001, Sirén and Aaltio 2003). The reasons for this include 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
(Ryynänen and Rönkkö 2001, Sirén and Aaltio 2003),
as well as of the functional and technical utilisation
rate of the base machine and harvester head in variable stand conditions, at different times of year.
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ÈÍÒÅÃÐÈÐÎÂÀÍÍÎÉ ÇÀÃÎÒÎÂÊÈ ÁÀËÀÍÑÎÂÎÉ È ÒÎÏËÈÂÍÎÉ ÄÐÅÂÅÑÈÍÛ
Þ. Ëàéòèëà è Ê. Âÿòÿéíåí
Ðåçþìå
Öåëüþ äàííîãî èññëåäîâàíèÿ ÿâëÿëîñü îïðåäåëåíèå ïðîèçâîäèòåëüíîñòè çàãîòîâêè ìåòîäîì ãðóïïîâîé
îáðàáîòêè òîïëèâíîé è äåëîâîé äðåâåñèíû, à òàêæå õðîíîìåòðàæ ýòèõ îïåðöèé â óñëîâèÿõ, êîãäà áàçîâîé ìàøèíîé
ÿâëÿëñÿ ãóñåíè÷íûé ýêñêàâàòîð, à âàëêó âûïîëíÿëà õàðâåñòåðíàÿ ãîëîâêà Naarva EF 28. Íà îñíîâå ñîáðàííîãî
ìàòåðèàëà áûëè ðàçðàáîòàíû ìîäåëè çàòðàò âðåìåíè è ïðîèçâîäèòåëüíîñòè îòíîñèòåëüíî êàæäîãî îáðàáàòûâàåìîãî
ñòâîëà ïðè çàãîòîâêå ìåòîäîì ãðóïïîâîé îáðàáîòêè. Â ìîäåëè çàòðàò âðåìåíè îïðåäåëèëè ïðîèçâîäèòåëüíîñòü
ðóáîê ïóò¸ì ïðèìåíåíèÿ ïîêàçàòåëåé îáú¸ìà äåëîâîé ÷àñòè ñòâîëà è êîëè÷åñòâà çàãîòîâëåííûõ äåðåâüåâ íà ãåêòàðå.
Ïðîèçâîäèòåëüíîñòü òðóäà áûëà âûðàæåíà â ïëîòíûõ êóáè÷åñêèõ ìåòðàõ çà îäèí òðóäî÷àñ (m3/E0h).
Ñðåäíèé ïîêàçàòåëü ïðîèçâîäèòåëüíîñòè çà îäèí òðóäî÷àñ ñîñòàâèë 12,8 m3/E0 h, çà ýòî âðåìÿ áûëî âûðóáëåíî
233 äåðåâà. Ïî ìåðå óâåëè÷åíèÿ êðóïíîìåðíîñòè äðåâîñòîÿ ïîêàçàòåëü ïðîèçâîäèòåëüíîñòè ðóáêè (m 3/E0 h)
óâåëè÷èâàëñÿ. Íèæíåå çíà÷åíèå ïðîèçâîäèòåëüíîñòè íà ïðîáíîé ïëîùàäè, ïðîéäåííîé ìåòîäîì ãðóïïîâîé îáðàáîòêè,
ñîñòàâèëî 8,7 m3/E0 h è âåðõíåå  19,9 m3/E0h. Â çàâèñèìîñòè îò ïðîáíîé ïëîùàäè ïîêàçàòåëè âàðüèðîâàëè: ïî îáú¸ìó
ñòâîëà â ïðåäåëàõ 26-83 dm3 (ñðåäíèé ïîêàçàòåëü 57 dm 3) è ïî ÷èñëó âûðóáëåííûõ äåðåâüåâ íà ãåêòàðå - â ïðåäåëàõ
538-2558 øò. (ñðåäíèé ïîêàçàòåëü 1309 øò.). Íà êîëè÷åñòâî äåðåâüåâ â ïà÷êå, çàõâà÷åííîé îáîðóäîâàíèåì, âëèÿë
ðàçìåð ñòâîëà, ïîýòîìó ïîêàçàòåëü ÷èñëà âûðóáëåííûõ äåðåâüåâ çà îäèí òðóäî÷àñ óìåíüøàëñÿ ïî ìåðå óâåëè÷åíèÿ
êðóïíîìåðíîñòè äðåâîñòîÿ. Âåðõíåå çíà÷åíèå ïðîèçâîäèòåëüíîñòè ðóáêè, âûðàæåííîå êîëè÷åñòâîì ñòâîëîâ,
ñîñòàâèëî 347 øò./E0h, íèæíåå  183 øò./E0h. Â ñðåäíåì õàðâåñòåðíîé ãîëîâêîé çà îäèí çàõâàò-öèêë áûëî îáðàáîòàíî
1,9 ñòâîëîâ è äîëÿ îïûòíîé ïàðòèè îò îáðàáîòàííîãî ìàòåðèàëà ìåòîäîì ãðóïïîâîé îáðàáîòêè (ìèíèìóì äâà ñòâîëà
â ïà÷êå) ñîñòàâèëà 57%. Çà âðåìÿ õðîíîìåòðàæíûõ èññëåäîâàíèé áûëî çàãîòîâëåíî âñåãî ëåñîìàòåðèàëîâ 2267 øò., èç
íèõ 71 m 3 ñîñíîâîãî áàëàíñà è 53 m3 òîïëèâíîãî òîíêîìåðà.
Èññëåäîâàíèÿ ñ ïðèìåíåíèåì ìîäåëè çàòðàò âðåìåíè ïîêàçàëè, ÷òî ïðè óâåëè÷åíèè â òðè ðàçà êîëè÷åñòâà
âûðóáëåííûõ äåðåâüåâ íà ãåêòàðå ñ 800 äî 2400 øò. ïðîèçâîäèòåëüíîñòü ðóáêè ìåòîäîì ãðóïïîâîé îáðàáîòêè çà
îäèí òðóäî÷àñ óâåëè÷èëàñü ïðèìåðíî íà îäèí ïëîòíûé êóáîìåòð è ïðè óâåëè÷åíèè îáú¸ìà ñòâîëà ñ 23 äì3 äî 89 ïðîèçâîäèòåëüíîñòü ðóáêè çà îäèí òðóäî÷àñ óäâîèëàñü. Ïðè îáîáùåíèè ðåçóëüòàòîâ è ñîïîñòàâëåíèè ñ ðåçóëüòàòàìè
äðóãèõ èññëåäîâàíèé íåîáõîäèìî ïðèíèìàòü âî âíèìàíèå îáú¸ì ìàòåðèàëà, à òàêæå âëÿþùèå íà ðåçóëüòàòû òàêèå
ôàêòîðû, êàê îáúåêò çàãîòîâêè è îïåðàòîð ìàøèíû. Íà îñíîâàíèè ðåçóëüòàòîâ èññëåäîâàíèÿ ìîæíî ñäåëàòü âûâîä îá
î÷åíü âûñîêîì óðîâíå ïðîèçâîäèòåëüíîñòè ýêñêàâàòîðíîãî õàðâåñòåðà è âàëî÷íîé ãîëîâêè Naarva EF 28.
Ýôôåêòèâíîñòü ðàáîòû äàííîãî êîìïëåêñà ñðàâíèìà èëè äàæå ëó÷øå, ÷åì ó êîë¸ñíîé ëåñíîé ìàøèíû ñ õàðâåñòåðíîé
ãîëîâêîé äëÿ ãðóïïîâîé îáðàáîòêè. Èññëåäîâàííàÿ êîíöåïöèÿ ÿâëÿåòñÿ äîñòîéíûì âàðèàíòîì èíòåãðèðîâàííîé
çàãîòîâêè äåëîâîé è òîïëèâíîé äðåâåñèíû. Âî âðåìÿ õðîíîìåòðàæíûõ èññëåäîâàíèé êîìïëåêñ ðàáîòàë áåñïåðåáîéíî,
êà÷åñòâî çàãîòîâèòåëüíûõ ðàáîò ñîîòâåòñòâîâàëî ðåêîìåíäóåìûì íîðìàì.
Êëþ÷åâûå ñëîâà: èíòåãðèðîâàííàÿ çàãîòîâêà, õàðâåñòåðíàÿ ãîëîâêà ñ ïîãðóçî÷íûì çàõâàòîì, ýêñêàâàòîðõàðâåñòåð, ïðîðåæèâàíèå, áàëàíñîâàÿ äðåâåñèíà, î÷èùåííàÿ îò ñó÷üåâ òîïëèâíàÿ äðåâåñèíà
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