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Abstract

The objective of this study was to compare the productivity of three working techniques in thinning and three
working techniques in clear cutting using a single-grip harvester work. Typically, forest conditions are so heterogeneous
that a reliable comparison between working techniques is not possible. For this reason, the experiments were performed
using a harvester simulator environment, which enables very homogeneous experiment conditions for operators and
therefore good comparability for the results: the same stand can be reloaded and cut with different working techniques
using the same technical settings as many times as necessary. The studied working techniques in thinning were: right-
angle piling, oblique piling and under the boom piling, and in clear cutting: one-sided piling, two-sided piling and forward
felling. In thinning the difference in productivity of the least productive, right-angle piling, and the most productive,
under the boom piling, was about 7%, which was mainly caused by the faster felling. In clear cutting, the productivity
of forward felling and two-sided piling were similar (difference only about 1%). Their productivity was about 11% higher
than one-sided piling. This difference was caused by faster (about 5 seconds) catching and felling. The results are useful

from the perspective of the education and training of operator candidates.
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Introduction

Single-grip harvesters are widely used for felling,
delimbing and crosscutting trees into logs at the
stump (the cut-to-length method). In Finland and
Sweden nearly 100% of the annual harvested timber
is cut mechanically, mostly using single-grip harvest-
ers (Metsétilastollinen vuosikirja 2009). Globally, dur-
ing the last decade, mechanical tree harvesting and the
cut-to-length- method (CTL) have increased at the
expense of manual cutting and whole tree or tree
length harvesting methods. It has been estimated that
this trend will continue in the near future (Asikainen
et al. 2009).

The productivity of single grip harvester work is
based on three main factors: environment, harvester and
operator. All of these are essential in determining pro-
ductivity and are deeply interconnected. Tree size is the
most determining variable of the environment: increas-
ing tree size increases productivity, which has been
proven in numerous studies around the world (Kellog
and Bettinger 1994, Kuitto et al. 1994, McNeel and
Rutherford 1994, Brunberg 1991, 1997, Landford and
Stokes 1995, 1996, Lageson 1997, Eliasson 1998, Sirén
1998, Glode 1999, Hénell et al. 2000, Ryynédnen and
Ronkko 2001, Karhé et al. 2004, Nurminen et al. 2006).

Harvesters are so effective that it only takes
slightly more time to process a large tree compared to
a small tree. This inevitably leads to an increase in
productivity as stem size increases. In addition to tree
size, the productivity of harvesters has been noticed
to increase with increasing density of trees removed
in clear cuttings (e.g. Kuitto et al. 1994, Brunberg 1997,
Eliasson 1998, Sirén 1998), as well as in thinnings (Sirén
1998) and shelterwood cuttings (Hanell et al. 2000).
Other factors that affect the productivity include the
properties of the standing trees, terrain characteris-
tics: slope (Stampfer and Steinmiiller 2001), surface
structure and bearing capacity (Ala-Ilomidki 2004).
Weather conditions i.e. lightning, precipitation (water,
snow) (Ala-Iloméki 2006), temperature and snow depth
may also influence cutting work.

Nowadays, harvesters of the same size have al-
most the same productivity in similar stands. The rea-
sons for this are that harvesters are built up the same
way and they use partially the same components.
Therefore the machines are quite similar (Ovaskainen
2009). Nevertheless, a higher level of productivity is
sought by the customers, as well as harvester manu-
facturers, in order to keep down the cutting costs.
Increasing productivity through technical solutions is
expected to be an expensive way of increasing the
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productivity and is expected to increase the cost of
the machine and thereby the hourly costs. Hence, the
reduction in the importance of the brand of the har-
vester places more significance on the skills of the
harvester operators. Therefore, the focus has been
directed on operator skills and, especially, on opera-
tor training, as the harvester operator significantly
influences the productivity (Sirén 1998, Sirén and Tant-
tu 2001, Kariniemi 2006). More than 40% differences
in productivity have been observed between opera-
tors in similar cutting conditions (Ryynédnen and
Ronkkd 2001, Ovaskainen et al. 2004). Therefore, the
operator and their technique of operating the harvester
have considerable impact on the cutting results.

Depending on the study’s focus harvester pro-
ductivity can be studied on stand, working location
or single tree level (Ranta 2003). Typically, the stand
level has been used to present the working methods
of the harvester (e.g. Suadicani 2004). On the working
location level, the processing order, processing place
or the number of removable trees in a certain working
location has been studied (Wigren 1992, Nurmi 1994).
On a single tree level the focus is on a single tree at
a time: distance to the tree to be felled, felling direc-
tion and moving distance of the tree after felling are
examples of measured variables (Ovaskainen et al.
2004). Previous studies have mainly focused on the
stand level, while studies on the lower levels have been
made mainly in the PC simulation environment on the
basis of deterministic rules without situation-specific
human influence as that the question is in a virtual
harvester simulator (Eliasson 1999, Wang and LeDoux
2003, Wang et al. 2005).

Nowadays, virtual harvester simulators are mainly
used in harvester training schools. However, simulators
are also suitable for studying harvester work (Ovaskai-
nen 2005), especially for testing various innovations
(Ranta 2003, Lofgren 2009). In a virtual environment,
studies are relatively inexpensive compared to studies
in a real environment, because most of the stand meas-
urements are obtained automatically from the simulator.
In addition, varying terrain conditions can be standard-
ized and simplified: the same stand can be cut in vari-
ous ways and reloaded as many times as necessary, also
allowing the elimination of factors that cause outliers.
In the simulator environment, crane motion lines and
operating speeds must be realistic and the same be-
tween operators, as well as modelling of the movement
of the machine must be realistic.

The influence of the operator on the productivi-
ty can be divided into rating and working technique
(Ovaskainen 2009). Rating is generally defined as “the
assessment of the worker’s rate of working relative to
the observer’s concept of the rate corresponding to

standard pace” (Anon 1981). In harvester work, rat-
ing would mean perceivable speed that is visible in
work functions and is highly dependent on the oper-
ator’s cognitive abilities and sensomotoric skills in the
present-day harvester work (Gellerstedt 2002, Ovaskai-
nen 2009). In practice, it is the speed at which the work
movements, such as driving and moving the harvest-
er head, are made. On the other hand, working tech-
nique, according to one definition, is understood to
be the visible and measurable movement of harvester
and harvester head from one place to another (Ovaskai-
nen 2009). Working technique always includes some
amount of operator-specific features of the harvester
work and also personal tacit knowledge to a certain
degree. In addition, in different working techniques
trees are moved different distances. By understand-
ing the working technique as an examination of move-
ment of the harvester head and machine, the harvest-
er simulation environment provides reliable results,
since the crane speeds are the same for all operators.
However, different kinds of working techniques can be
classified on the basis of their differences in work
results (e.g. pile size, pile angle) and the method of
using the harvester head. Typically working tech-
niques differ in work elements regarding tree catch-
ing distances, felling directions, tree moving distanc-
es, processing locations in relation to the harvester
and the angles of bunching of processed logs. There-
fore, some working techniques diminish unnecessary
work elements, and are therefore more productive.
Harvester working techniques, especially thinning
techniques, have not been studied as much as their
importance necessitates, but some studies can be
found (Wigren 1992, Nurmi 1994).

This study focuses on different working tech-
niques, which are measurable and more practical to
improve than operator’s rating. By improving working
technique or changing the technique, additional cu-
bic meters can be achieved in cutting. Therefore, the
hypothesis is that different felling direction and/or
different moving direction of the cut trees will affect
productivity of harvester thinning operation or final
felling. As Nurmi (1994) suggest, forward felling was
more productive than one sided-piling in clear cutting.

The objective of this study was to compare three
working techniques in thinnings and three working
techniques in clear cuttings and examine which work
elements cause the differences.

Materials and methods

Operators and virtual environment
The work of five different operators was studied
using a harvester simulator: operator 1-4 operated the
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simulator in thinnings and operator 1-3 and 5 operat-
ed in clear cuttings. Operators 1-3 had over five years
experience of operating real harvesters in both thin-
nings and clearcuttings. Operator 5 was experienced
only in clear cuttings and operator 4 only in thinnings.
They both had about three years of experience. All the
operators were able to operate fluently in the harvester
simulator despite the minor differences to real harvest-
ers. The operators were allowed to train on the har-
vester simulator as much as they felt necessary so they
could operate on the same working speed in all the
experiments. Some of the operators did not use all the
techniques in their normal work so the learning and
internalizing of a certain technique was controlled for
each operator before the experiment. The boom speed
was set to be the same for all the operators.

The harvester work was simulated by using a Tim-
berjack harvester simulator, which is equipped with real
harvester control levers, including a complete Timber-
matic 3000 system (Figure 1). The virtual harvester was
Timberjack 1270D with 746 harvester head mounted to
10 m long crane. The hardware elements such as op-
erator chair, controls, and onboard computer are as in
real machines, and the software is programmed accord-
ingly. View from the cabin of the harvester is project-
ed onto the wall in front of the operator and the view
follows the direction of the boom.

Figure 1. Virtual forest harvester simulator

In the simulator, a generated stand consists of
squares of 12.5 x 12.5 m. The stand generator creates
five different kinds of squares and utilizes these randomly
to fill the given stand area. In the squares trees are
generated on the basis of tree height, species and density.
The tree placements are random. The tree heights vary
randomly between one metre below and above the
selected height. Tree diameter at breast height, 1.3 m
(DBH), is calculated on the basis of tree height.

The simulated harvesting studies were done in
one simulated thinning stand dominated by Scots pine
(Pinus sylvestris) and in one simulated clear cutting
stand dominated by Norway spruce (Picea abies (L.)
Karst.) (Table 1). In thinning, the share of tree spe-
cies were pine 42.9%, spruce 28.6% and birch (Betula
pendula) 28.6% while in clear cutting all the trees were
spruces. Operators cut totally 727 trees in thinning and
619 trees in clear cutting, and the average amounts of
extractions were 61.1 m*ha and 344.7 m’/ha, respec-
tively. The average volume of stem was the merchant-
able part of the stem: over bark minimum in diameter 6
cm for spruce and pine and 5 cm for birch.

Table 1. The characteristics of the harvested stands

Environment T;r? aes C(\)/ ﬁlr;g e? rﬁ\avig ﬁg; Q \a/?nr?etg;
’ (DBH), cm
Thinning

Before cutting 896 0.233 13.0 207
sp’ 246 3.80
After cutting 576 0,255 13.6 218
sp? 227 3.52
Extraction 30 0,185 12.0 1941
sb® 1.09 1.68
Thinning ratio® 0.88
Clear cutting 432 0.798 20.7 328
sp? 253 3.8

a SD = standard deviation
b Thinning ratio is average diameter (DBH) of extracted trees
divided by average diameter of the residual trees (after treatment).

The simulated ground was flat and contained no
terrain obstacles that could cause systematic time
outliers to the data. The duration of one simulated
harvesting plot was set to about 45 minutes. When
the next plot for the next working technique was re-
corded the simulated stand was loaded again and the
experiment began from the same starting point as the
previous one. Each operator cut one experiment with
each technique. The operators could choose the cut-
ting order of the experiments because some of the
techniques were more familiar.

In clear cutting the border of the stand to be fol-
lowed with the harvester was marked and the opera-
tor could choose freely the trees to be removed and
their order of removal. In the thinning, the place for
the strip road to be created by the operator was marked
with blue poles and the removable trees to be removed
with red marks at breast height level in order to make
operators fell the same trees in all experiments. In a
real thinning, trees to be removed are typically not
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marked in Finland. However, the operator could choose
the order of removal according to the working tech-
nique. The operators were instructed to process trees
automatic. In other words, the operators did not
change the suggested cutting points or feed the trees
manually. Therefore, the processing was not influenced
by the operator other than the time it takes to activate
the saw in cross cutting.

Time study data

The harvester operators’ work was measured us-
ing a time study method where the work was divided
into five main work elements: moving, catching, fell-
ing, processing (including delimbing, crosscutting and
placing of logs), and non-productive time.

* Moving began when the harvester wheels start-
ed to roll and ended when the wheels stopped roll-
ing. Even though the machine can perform other work
elements while rolling other work elements are only
registered when the machine is not moving.

* Catching started after stop in moving or after
processing (after the harvester head has been tilted
to an upright position). Typically catching started with
a boom swing toward a tree and ended when the fell-
ing began.

* Felling started when the felling saw started to
cut and ended when the feeding rollers started to roll.

* Processing started when the feeding rolls start-
ed to roll. The processing ended when the operator
tilted the harvester head to an upright position.

* Non-productive time included all the work time
when any control button was pushed or lever steered
in other words the machine was not steered. Clearing
of non-commercial trees was included in this time.

Non-productive time was recorded but it was not
further examined in the results because in this kind of
experimental study design there were no such delays
as in the real environment, such as the clearing of small
size trees. All observations in the time study focused
on one tree handling cycle at a time and the cycle time
is a sum of the element times. The time study was
recorded automatically by the simulator computer and
the volumes of the cut stems were added to time units
from saved stem files.

Studied working techniques

Three different kinds of working techniques were
studied in thinning and three other working tech-
niques in clear cutting (Figures 2 and 3). The tech-
niques are chosen after methodical discussions with
harvester operators and harvester school teachers. In
thinning, the working technique ‘right-angle piling’ (1)
means that the trees are felled mostly perpendicular
to the strip road, the harvester head pulls the tree over

the strip road and the trees are processed away from
the strip road so that the piles are placed on both sides
of the strip road at a 90 degree angle. In the working
technique ‘oblique piling’ (2) means that the logs are
piled obliquely to the strip roads. Felling direction is
forward of the trees located on the strip road. Trees
located near the strip road (3—6m) are felled forwards
or towards the strip road at about 45 degree angle.
Trees are typically dragged over the strip road before
they are processed. The working technique ‘under the
boom piling’ (3) means that the trees are mainly proc-
essed under the boom, the trees are fed towards the
boom base. The felling direction of a tree is in the
direction of where the boom points at the moment of
felling. Trees on the strip road are felled forward along
the strip road while near the strip road the trees are
felled in the direction of the boom. This was also the
case for the trees located far away from the strip road.
In this technique trees are moved only a distance that
fluent felling necessitates. The slash was not moved
to the strip road which in many cases are wanted in
order to increase bearing capacity and to protect the
roots of the remaining trees.

Thinning

Right-angle piling Oblique piling Under the boom piling

Figure 2. Studied working techniques in thinning. The dashed
line arrows present felling direction and the solid line arrows
moving direction of the tree

The three clear cutting working techniques includ-
ed (1) one-sided piling, (2) two-sided piling and (3)
forward felling. The ‘one-sided piling’ means that trees
are processed only on one side of the harvester mov-
ing line. Trees are felled in front and obliquely front
of the harvester from the opposite side of the process-
ing side. Trees are felled at about a 90 degree angle
to the harvester moving line when the pile will also
be at a 90 degree angle in relation to harvester mov-
ing line. The working technique ‘two-sided piling’
means that the trees are felled in front and obliquely
front of the harvester, moved and processed on both
sides of the harvester moving line bringing the felled
trees over the harvester moving line. In working tech-
nique ‘forward felling’ trees are felled along the strip
road forwards, and the piles will be placed at the sides
of the harvester almost along the harvester moving
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line. Trees are not moved over the harvester moving
line. The size of the pile is typically increased by fell-
ing trees farther on by driving a little forward, reach-
ing the tree and then backing, enabling the tree to be
processed onto the existing piles. Otherwise the log-
ging residues cover the tops of the logs. In the work-
ing techniques ‘two-sided piling’ and ‘forward felling’
the piles are organized so that the saw logs are locat-
ed nearest the harvester and other assortments farther
away from the harvester.

Clear cutting

One-sided piling Two-sided piling Forward felling

Figure 3. Studied working techniques in clear cutting. The
dashed line arrows present felling direction and the solid line
arrows moving direction of the tree

Statistical calculations

It is widely accepted that the operator influences
the time consumption, with each operator having their
own general working speed (rating). For this reason,
the operators were tested individually assuming, on
the basis of similarity in the study setting, that only
the working technique influences the work element
times of different techniques. To describe the differ-
ences between the working techniques, arithmetic
averages were calculated for operators for moving,
catching and felling times for each technique (see ta-
bles 2-6). Time consumption for processing was cal-
culated with a linear model, which was formed by fit-
ting a model to the operator’s own data. In addition,
work element time averages including observations
(overall data) from all the operators for each working
technique were calculated.

The focus on statistical testing was to determine
if the work elements times of an operator in different
techniques differ in general and which working tech-
niques differ pairwise. In the data some of the varia-
bles were not distributed normally in the test of Kol-
mogorov-Smirnov normality test and some of the
variances were not equal in the Levene’s test so, for
these reasons, the statistical testing were made with
non-parametric tests. In non-parametric testing
Kruskal-Wallis (K-W) assessed the statistical similar-
ity of the working technique work element times and
Mann-Whitney (M-W) was used in pairwise compar-
isons of working techniques work element times. The
statistical significance level (p-value) was set to 5%.
Effective productivities (E, excluding delays) between
the techniques were compared with K-W test.

Results

Effective time

In thinning, the effective times of work cycles
between working techniques did not differ statistical-
ly (K-W, p = 0.195) in the overall data (Table 2). In
pairwise comparison, the techniques did not differ
statistically from each other and the average times
between working techniques were very similar. Only
operator 4 had a difference in right-angle and under
the boom piling techniques.

In clear cutting, the effective times of the work
cycles differed statistically (K-W, p < 0.000) in the
overall data. In pairwise comparison, one-sided piling
differed from two-sided piling and forward felling.
However, two-sided piling and forward felling did not
differ statistically. The effective time in the work cy-
cle was clearly the highest in one-sided piling.

Thinning
In thinning, overall moving time averages did not
differ statistically significantly (K-W; p = 0.774) (Ta-

Table 2. Average times for effective work

Thinning Clear cutting . . .
e R 5 T cycle times for each working technique
eenniquel RIgM - oplique  Under KW M-w o WO Forward KW MW for each operator in thinning and clear
Operator angle sided sided X A K indi
Op 1 4.3 388 412 0406 574 516 536 000" oOnT, cutting environments. K-W — test indi-
OnF cates if the working techniques differ sta-
Op 2 43.8 416 443 0412 565 495 529 0.001* OnT; tistically significantly and M-W —test
OnF indicates the differing technique pairs
Op 3 41.1 38.2 38.0 0.816 63.0 47.8 52.8 0.000* On-T;
OnF
Op 4 40.2 38.4 345 0.075 RU
Op5 54.8 53.4 49.6 0.145
Average 41.4 39.3 395 0.1% 57.9 50.6 52.2 0.000* On-T;
onF
sSD 1.7 1.6 4.2 3.6 2.4 1.8

* p-value less than 0.05

I 2011, Vol. 17, No. 2 (33) I,  (SSN 1392-1355 [

292



BALTIC FORESTRY

I PRODUCTIVITY OF DIFFERENT WORKING TECHNIQUES IN THINNING /.../ NI H. OVASKAINEN ET AL

ble 3). Operator 3 had statistically significant differ-
ence in right-angle and under the boom piling tech-
niques in pairwise comparison.

Clear cutting
In clear cutting, the moving times did not differ
from each other statistically for the overall data (K-

Table 3. Average times for work elements for

i N _ N Thinning
each working technique for each operator in thin- - -
. . . Moving, s Catching, s
ning environment. K-W -test denotes if the work- Technicws!  RBAL p—
ing techniques differ statistically significantly and oicerggrje ar?gk; Oblique Under KW MW alngge- Oblique Under KW MW
M-W -test indicates the differing technique pairs  op 1 35 38 39 0710 - 124 109 155 0002 R-O;
ou
Op2 56 54 66 0401 - 155 125 16.8 0000* R-O;
ou
Op3 56 53 41 008 RU 161 133 143 0308 -
Op 4 36 41 33 0521 - 169 159 151 0697
Average 46 47 45 0774 - 152 131 154 0000 R-O;
ou
sD 12 038 15 20 2.1 10
Felling, s Processing, s
Technique/ Right- Oblique Under KW MW Right Obique Under KW MW
Operator angle ange
Op 1 115 11.0 87 0000 RU; 129 131 131 0914
ou
Op2 73 82 69 008 OU 154 155 140 0624
Op3 72 8.0 70 0311 - 12. 118 126 0207
Op 4 72 6.1 54 0000 RU; 125 123  10.7 0003 R-U;
ou ou
Average 83 83 70 0000 RU; 133 132 126 03% -
ou
SD 2.1 20 13 15 16 14
* p-value less than 0.05

The catching times differed statistically significant-
ly between the working techniques in the overall data
(K-W, p < 0.000). In pairwise comparisons, right-an-
gle piling and oblique piling, and oblique piling and
under the boom piling differed statistically. The same
techniques differed in the data for operators 1 and 2.
Catching time was the smallest in oblique piling for
all the operators.

The felling times differed also statistically signif-
icantly between the working techniques (K-W, p <
0.000). In pairwise comparisons, right-angle piling and
under the boom piling differed statistically significant-
ly, as also was the case for oblique piling and under
the boom piling in the overall data. However, right-
angle piling and oblique piling did not differ statisti-
cally. Felling time was the lowest in under the boom
piling technique for all the operators: on average, over
a second faster than for the other techniques.

The processing times between working techniques
did not differ statistically (K-W, p = 0.395) in the over-
all data. In pairwise comparisons of operators, all the
techniques seemed to consume the same amount of
time under statistical examination except for operator
4 whose under the boom piling technique seemed to
consume less time than the other techniques. The work
technique specific average times were very similar, only
the under the boom piling was a little faster.

W, p = 0.089), but in pair wise comparison one-sided
piling and forward felling differed statistically (M-W,
p = 0.043), while the other pairwise comparisons were
not statistically significant (Table 4). In forward fell-
ing, the moving time was generally the largest, but for
some reason operator 5 was much faster than the oth-
er operators.

The catching times differed statistically from each
other (K-W, p < 0.000) in the overall data. In the pair-
wise comparisons, one sided piling differed from for-
ward felling and almost of the two sided piling. All the
operators had the highest time consumption for catch-
ing in one sided piling.

In addition, the felling times differed statistically
(K-W, p =0.001). In pairwise comparisons, one-sided
piling differed statistically from forward felling and
almost for two-sided piling. However, two-sided pil-
ing and forward felling had a slight statistical differ-
ence. In one sided piling, the felling time was the high-
est for all the operators.

The processing times differed statistically (K-W,
p <0.000) in the overall data. In pairwise comparisons
one-sided piling differed from two-sided piling and
forward felling. On the other hand, two-sided piling
and forward felling did not differ statistically. In one-
sided piling the processing time was the highest.
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Table 4. Average times for work elements for Clear cutting
each workmg te?hnlque for each operator in Moving, s Catching, s
f:lear cuttmg env1r0nrpent. K—.W — test.de.notes Techniue/  One- Two- 4 kW ww One Two . Y kW ww
if the working techniques differ statistically  Operator  sided sided ' W@ K W sided sided ' oMar -
significantly and M-W -test indicates the dif-  Op1 53 4.7 65 033 - 47 137 120  0.019* On-F
fering technique pairs Op 2 49 65 78 0017 OnF 159 124 127  0.001* On-T;
On-F
Op3 57 5.2 7.0 0.329 - 18.6 11.0 14.0 0.000* On-T;
On-F;
T-F
Op5 43 5.9 3.9 0.034* On-T; 135 1.7 13.1 0.104
TF
Average 5.1 5.6 6.3 008 OnF 157 125 124 0.000* On-F
SD 0.6 0.8 17 22 12 0.8
Feling, s Processing, s
Technique/ One- Two- Forward KW M-W One- Two
Operator  sided sided sided sided Foward KW - MW
Op1 122 117 121 0.855 - 252 215 23.0 0.000* On-T
On-F
T-F
Op 2 12.3 8.9 8.9 0.003* On-T; 234 217 235 0.080 On-T
O-F
Op3 155 113 94 0.000* O-F; 232 2.3 22.4 0.018* On-T
TF T-F
Op5 153 137 134 0004* On-T; 217 21 19.2 0.000* On-F
TF T-F
Average 138 114 110 0001 On-F, 234 214 220  0000* On-T
TF OnF
SD 1.8 2.0 22 14 08 19

* p-value less than 0.05

Productivity

By converting the work element time units, includ-
ing the non-productive time, to productivity values
with stem volumes the productivity curves were formed
for each technique for the overall data. In thinning,
the productivity lines of different working techniques
were very congruent with each other (Figure 4). The
productivity difference between the highest, under the
boom piling, and the lowest, right-angle piling, was
6.7% with the average stem size of thinnings. Howev-
er, productivity values of different techniques did not
differ statistically (KW, p = 0.249). In clear cutting,
forward felling was 11.2% more productive than one-

sided piling and 2.5% more productive than two-sid-
ed piling with the average stem size of 0.798 m?. Al-
though the productivity lines seemed to differ the
difference was not quite statistically significant in the
overall data (KW, p =0.108).

Discussions and conclusion

In thinning, the differences in effective time con-
sumptions between working techniques were not sig-
nificant, therefore the productivities were also not
significantly different. The hypothesis was that the
under the boom piling would have been more produc-

Thinning Clear cutting
a0 120
Right-angle piling One-side piling
==== Oblique piling 100 + = === Two-sided piling
40 4 . ’
— — Under the boom > = = Forward telling s
piling 80 .f' -
30 <
E
=
T G0
20
40
10 20
Flgure 4. Effegtlve (E) productlv.lty
lines for thinning and clear cutting o o
- v ] T T T i
techniques as a function of stem size a 02 0.4 06 o 0.5 4 15 5

processed

m?

I 2011, Vol. 17, No. 2 (33) I,  (SSN 1392-1355 [

294



BALTIC FORESTRY

I PRODUCTIVITY OF DIFFERENT WORKING TECHNIQUES IN THINNING /.../ I H. OVASKAINEN ET AL N

tive than the other techniques, which was confirmed
although the difference was not significant.

In clear cutting, the most productive working tech-
nique, forward felling, was over 10% more productive
than the least productive technique, one-sided piling.
In addition, forward felling was 2.5% more productive
than two-sided piling. The results of Nurmi (1994) sup-
port these observations since forward felling in his
studies was observed to be 13-20% more productive
than one-sided piling. The hypothesis was confirmed
by the fact that piling on both sides the harvester is
more productive than piling only to the one side.

In thinning, the moving times in different working
techniques were very similar. Hence, it can be assumed
that working technique hardly affects moving time. One
reason could be that the harvester is located in the same
working locations in the strip road regardless of the
working technique. Ovaskainen et al. (2006) observed
a similar locating method between different operators.
However, in clear cutting using the one-sided piling
working technique moving took on average less time
compared to the other techniques. Assuming that the
moving distance was shorter, which can be explained
by the fact that the trees are felled only from one side
and in front of the harvester so the number of trees felled
in one working location is lower compared to the other
techniques. For some reason, two of the operators
moved even faster in two-sided piling than in one-sid-
ed piling. In the forward felling technique, three oper-
ators spent the most time compared to the other tech-
niques. This is explained by the fact that the log piles
need more space in the direction of the strip road when
the logs are processed alongside. For this reason, the
operator needs to drive forward and reverse a little when
catching a tree. After finishing at the working location
in this technique, the harvester is moved a considera-
ble distance to a new working location at least the dis-
tance of the longest log so that the new piles have
enough free space and the logging residues can be
placed in their own pile.

In thinning, the catching spent the least time of
the working techniques in oblique piling. One expla-
nation for this is stem moving: when a tree has been
moved over the strip road and processed there, the
next removable tree will be taken from the processing
side when the catching distance to the next tree is
naturally short. It was assumed that the catching dis-
tance would have been the shortest in the under the
boom piling technique since many trees are felled in a
narrow felling sector there. However, after finishing the
sector the harvester head must be moved to a new
sector, which can result in a long catching distance.
Therefore, this study does not unambiguously con-
firm the shortest possible catching distance for this

technique. The average catching distance is short
among trees in a certain sector, but the average in the
working location might be longer. Another reason can
be the fact that the stand was not very dense; when
the number of trees felled in one sector is low and the
number of sector changes in relation to felled trees is
high. Instead in clear cutting, one-sided piling took
the most time of the clear cutting techniques in catch-
ing, which can be explained simply by the longer catch-
ing distance always focusing on the same side of the
strip road. Two-sided piling and forward felling were
very similar regarding catching time consumption.

In thinning, under the boom piling technique had
the lowest felling for all operators. In this technique,
the stem is moved only a little from the stump so it is
natural that the felling time is short. In right-angle
piling, two operators had a lower time consumption
compared to the oblique piling. These operators prob-
ably did not move all the stems over the strip road,
instead, they processed some trees on the felling side
so that the logs were at a 90 degree angle to the strip
road in the felling side. In clear cutting conditions,
one-sided piling had the highest felling time, which is
explained by the high moving distance of trees over
the strip road.

The processing was expected to be “constant”,
independent of the working technique. The harvester
head fed the stems automatically, stopped at cross-
cutting points and the operator accepted the cross-
cutting without considering its suitability. However,
in thinning processing was faster in under the boom
piling technique than in the other thinning techniques.
In under the boom piling the operator had a good view
for feeding the stem toward the boom base of the
harvester, therefore, ensuring that the tree would not
encounter any other remaining trees and, thereby, re-
quiring halting of the feeding. In other feeding direc-
tions the risk of feeding the tree ahead of other trees
is higher. In clear cutting, processing in one-sided
piling was higher compared to the other techniques.
One reason is starting of processing during the fell-
ing when part of the felling time actually belongs to
processing. Another reason can be the difficulty to
discern in the 3-D environment, especially depth, when
piling the logs on their own assortment piles takes
more time.

The study of Ovaskainen (2005) observed that dis-
cerning the stereoscopic effect of the visualized forest
was more difficult than in a real harvester. For this rea-
son, some catches did not succeed and they appeared
in a form of failed catch or failed estimation of catch-
ing distance in the experiments. In this study, obvious
outlier observations were removed from all the work
elements. Ovaskainen (2005) also observed that the lim-
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ited view of the sides of the harvester increased the
reversing share in effective time consumption. In this
study the operators were advised to carefully observe
removable trees on the sides and use a button combi-
nation to steer only the working view to the side with-
out steering the harvester head to the side. On the other
hand, operators working techniques used in real har-
vester might also influence the work element times.

Ovaskainen (2005) also observed that the dynamics
of moving and processing work elements in the simu-
lator did not quite correspond with reality: they were
easier to perform with a result that the time consump-
tions were smaller. With the real harvester moving a
tree took approximately two seconds less time com-
pared to the simulator. Since the operators used the
same crane movement speed in this study, the work
element times between working techniques of the op-
erators are very comparable, thereby, enabling the
determination of the true influence of the working tech-
nique because the difference is caused only by the
different moving distance. As mentioned earlier, the
processing was “standardized” by the fact that the
harvester automatically performed everything except
cross-cutting. However, it depended on the operator
how quickly they accepted the suggested cross-cut-
ting point. The mentioned stopping of feeding as a
result of encountering an obstacle can also be found
in real harvester work in the form of more careful feed-
ing which increases time consumption.

In this study four operators cut one experiment
with each technique on the simulator. 45 minutes as
the duration of the experiment proved to be the mini-
mum time to obtain a reliable number of felled trees.
Collecting the data with an automatic datalogger avoids
the partly subjective, random variation, resulting from
a person collecting the data manually. In addition,
downloading the same stand again to the new exper-
iment removes a considerable amount of the variation
in the circumstantial factors.

In thinning, the differences between working tech-
niques were smaller than expected. This is mainly due
to the fact that some trees are handled, independent
of the technique, in the same kind of work cycles. A
reason for this can be found in the limitations of the
harvester crane movement created by the remaining
trees. For example, Ovaskainen et al. (2004) observed
that trees located far from the strip road were always
felled away from the road allowing the operator to
move the stem closer to the strip road. These matters
equalize time consumption observations between the
working techniques because the same cycles exist for
different techniques. Ovaskainen et al. (2004) also
observed that the largest differences in felling direc-
tions were for trees located on the strip road or on its

near side area. A strong assumption is that the time
consumption differences in tree cycles in different
techniques are the largest for these trees. Therefore,
in the case of thinning, different working techniques
inevitably contain features of other techniques so
locating the features of a single tree cutting into some
technique is not beyond dispute.

Different working techniques have also some pros
and cons from the forwarder work point of view. In the
techniques were the piles will be in an right-angle to
the strip road or to the harvester moving line the col-
our marks on the tops of the bolts are better visible
to both driving directions. In thinning, the pile size is
probably the smallest in under the boom piling tech-
nique because the idea is to process each tree with
minimum felling move. This probably increases order-
ing and collecting time of bolts on the ground in for-
warding. In clear cutting in techniques were bolts are
piled on both sides of the strip road more space for
the assortment piles are available. This can ease load-
ing. Forward felling technique is suitable for stands
when the logging residues are collected from the cut-
ting area. Logging residues are placed to the front side
of the logs.

The results of this study are promising from the
productivity development point of view. However, it
depends on the situation and operator when, and to
what extent, the most productive working techniques
are possible to use in the real work. In thinning, it is
often important to deposit branches and tops of the
felled trees on the strip road to decrease root damage
and depressions (Eliasson and Wisterlund 2007). In
under the boom piling technique all the branches and
tops are not moved to the strip road. So when the snow
layer is thick enough or the cutting takes place on well
bearing ground this technique can be used fully. In clear
cutting, the most typical technique is to make one-sid-
ed piling because of its practicality and the suitability
of the harvester head. Older harvester heads were not
completely suitable for two-sided processing when it
was natural to process only on one side. Thus the habit
of processing only on one side remains. To conclude
the productivity can be easily increased especially in
clear cutting conditions by choosing the most produc-
tive working technique on the basis of the stand re-
quirements and taking into account the possibilities of
the latest machine solutions.
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MPOJAYKTUBHOCTD PAIMYHBIX TEXHOJIOTHI PABOTHI ITPU PYBKAX YXOJIA
N CINIOHIHBIX PYBKAX B YUIOBUSAX PABOTBI CUMYJIAATOPA XAPBECTEPA

X. OBackaiinen, T. Ilanangep, JI. Tukkanen, X. XupsoneHn u Il. Poukaiinen
Pestome

Lenpro 3TOTrO MCCIIENOBaHMs OBIIO IPOBECTH CPABHEHUE MTPOIYKTHBHOCTH TPEX TEXHOJIOTHI paboTHI B pyOKax yxoja H
TpeX TEXHOJOTUH pabOTHI IS CIUIOMIHBIX PyOOK B YCIOBHSX pabOTHI OAHO3aXBAaTHOTO XapBecTepa. B GombiieHcTBe cirydaes
YCIIOBHS B JIECy HACTOJIBKO Pa3HOOOpa3HbIE, YTO OUEHb JacTO OBIBAET CIOXKHO CAENaTh JOCTOBEPHOE CPABHEHUE PE3yNIBTATOB
npu pyOkax. VIMEHHO 1o 3TOif MpUYHMHE YKCIEPUMEHTHI 10 pyOKaM OBbLIM BBIIOJHEHBI C UCIOJIb30BAaHUEM BUPTYAILHOTO
CHMYJIATOPA XapBEeCTEPHOI MaIlIMHEI, YTO MMO3BOJIMIIO CJIEIaTh YCIOBUS SKCIEPUMEHTa 0oJiee OJJHOPOIHBIMH [UISl OIIEPaTopoOB
U CTaJI0 BO3MOXKHBIM COIIOCTABUTH PE3yNbTAThl SKCIIepeMeHTa. [Ipr 3TOM OHO U TOXKe HAaCaKAEHHE MOXKET OBITH IIOBTOPHO
3arpy’K€HO B CHCTEMY, U pyOKa MOXKET BBINOJIHATHCSA C MPUMEHEHHUEM Pa3IMYHBIMH TEXHOIOTHH, HCIIONB3YS T€ JKE& caMble
TEeXHUYECKHE HACTPOUKHU CTOJIBKO Pa3, CKONbKO HEOOXOAUMO I KaXKJ0TO OMbITa. M3ydaeMble TEXHONOTHH PaboTHl B pyOKax
yXxoia ObUIN: CKIaJUPOBAaHHE COPTUMEHTOB MOJ MPSAMBIM YIVIOM K BOJIOKY, CKJIAAUPOBAaHUE COPTUMEHTOB IO/ OCTPBIM YIVIOM
K BOJIOKY M CKJIaAMpOBaHHE COPTHMEHTOB II0J] CTpeNoi XxapBecrepa. [1py CIIOMHBIX pyOKax: CKIaAupOBaHHE COPTHUMEHTOB
C OHOW CTOPOHBI OT BOJIOKA, ABYCTOPOHHEE CKJIaJUPOBAaHKUE U CKIAJUPOBAHUE IO XOAY ABHKCHUS XapBecTepa. PesynbraTsl
MOJTBEPANIH, YTO B pyOKax yxoJa pa3HHUIA B MPOJYKTHBHOCTH MEXIy HaHMEHee NMPOIYKTHBHBIM (CKIaJUpOBaHUE
COPTHMEHTOB IOJ HPSAMBIM YIJIOM K BOJOKY) M Hambosiee MPOTyKTHBHBIM (CKJIaIHPOBAHUE COPTUMEHTOB IO CTpENoii)
cocraBmia okosio 7%, U ObUIO BBI3BAHO B OCHOBHOM OBICTPOTOH paboueii ¢asbl - Bamku. [Ipy CIIIOMIHBIX pyOKax ypOBEHb
HPOJYKTUBHOCTH CKJIaJUPOBAHUS 110 XOAY ABM)KEHHS M JBYXCTOPOHHETO CKJIaJHPOBAaHUs ObUIM OAMHAKOBHI (Pa3HMIA OKOJIO
1%). IIpoyKTUBHOCTB 3THX JABYX TEXHOJIOTH B CPAaBHEHHH C OHOCTOPOHHUM CKJIaAupoBaHUeM OblIa BbinIe Ha 11%. Pa3nuna
ObuTa BEI3BaHA pasHHUIEH B ObIcTpoTe paboumx (a3 3axBara M BaJIKU JepeBa (OKOJIO 5 ceKyHX). Pesymbrarhl sBusioTcs
BaXXHBIMU C TOYKH 3peHHs] 00ydeHHs M MOATOTOBKHM COMCKATeJell omepaTopoB, a TakKe AJIA MOBBIIMICHHUS HaBHIKOB
OTIEepaTOpPOB.

KiawueBbie ciioBa: COPTUMCEHTHAsA 3aroToOBKa, CUMYJIATOP, OTHO3aXBaTHBIN XapBECTEp, TEXHOIOI'UA pa60TBI
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