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Abstract

Farm tractors are very popular in Poland and other European countries. When coupled with
trailers equipped with a crane with a grapple, they are also used, especially in easily accessible,
flat terrain, for timber forwarding in the CTL (Cut-to-Length) method. A comparative analy-
sis of working time and productivity was performed on two forwarding units, consisting of a
farm tractor Ursus and a Farma trailer with the load capacity of 6 tons, as well as a farm
tractor Valtra Valmet and a Palms trailer with the capacity of 9 tons, which forwarded wood
in a mature pine stand. An analysis was done for 64 work cycles with an average load volume
of 2.1 m’ for the former unit, and 36 cycles with an average load volume of 7.9 m’ for the lat-
ter. The working time structure of both units was similar. During work, tractor operators
spent most time, i.e. over 35%, loading the timber, then travelling with the load and unload-
ing. The lowest share in the work cycle, around 5%, belonged to travelling without a load and
forwarding. The average forwarding time for the Farma unit amounted to 33 minutes and was
about twice shorter than that for the Palms unit, amounting to 64 minutes. The distance
covered during loaded travel was the only factor that had a significant influence on the dura-
tion of forwarding cycles. The coefficients of correlation between these variables were 0.56-0.76.
The net productivity obtained in the operating time of the Palms unit was 7.5 m’xPMH" and
was almost twice as high as that of the Farma unit, i.e. 3.8 mxPMH. For both units multiple
regression models were developed, in which forwarding cycles productivity is calculated based

on the volume of the transported load and the distance of loaded travel.
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1. Introduction

Timber harvesting systems must be adapted to the
specificity of a given country, the topography, tree
species encountered, timber assortments preferred
and expected by the market, as well as technological,
social and economic conditions. Hence, in Europe, a
wide variety of technologies and technical means are
applied for timber harvesting and extraction, from
very modern to traditional ones, used for many de-
cades (Enache et al. 2016, Johansson 1996, 1997,
Lindroos 2017, Spinelli et al. 2016, Stariczykiewicz et
al. 2016). In many countries, especially in southern and
eastern Europe, significant part of timber extraction is
carried out with the use of farm tractors (Borz et al.
2015, Kulak et al. 2020, Savelli et al. 2010, Spinelli et al.

2013, Steponavicius and Zinkevicius 2010, Unver-
Okan 2020). Considering that these vehicles have not
been designed to be used for timber extraction, it is
important to adapt and equip them properly for this
operation (Shaffer 2009). Appropriate modifications of
farm tractors turn them into useful means of timber
extraction, especially under easier off-road conditions
(Giilci 2020, Leszczyniski et al. 2021). These modifica-
tions are related to increasing the safety and comfort
of operators’ work, and include the installation of steel
frames protecting the cabin in the event of a rollover,
a net protecting the windows against damage, or in-
stalling a swivel driver seat, which allows for comfort-
able work in a position that is reverse in relation to the
travelling direction. They also concern the protection
of the tractor itself against damage in difficult forest

Early view paper



D. Kulak etal. Productivity and Working Time Structure of Timber Forwarding in Flatland Thinned Pine Stand ... (1-11)

terrain, by such means as the installation of engine
covers and wheel valves (Akay 2005, Gil 2000). Timber
extraction with the use of a tractor without any addi-
tional equipment is possible by dragging the timber
or by its semi-suspension on a hydraulic lift (Giilci et
al. 2018). This, however, requires the vehicle to come
near each log, which usually results in a significant
damage to the stand (Staniczykiewicz et al. 2012, 2015).
Therefore, it is common practice to aggregate farm
tractors with devices that facilitate, or even enable,
timber extraction. The most popular devices are rope
winches, used when skidding of long timber is select-
ed, while in the case of forwarding in the CTL system,
these are forest trailers, most often equipped with a
hydraulic crane with a grapple for trailer loading and
unloading (Grzywinski et al. 2020, Mousavi and
Naghdi 2014, Spinelli and Magagnotti 2012, Szewczyk
and Iwanicki 2019). Timber extraction with the use of
farm tractors has many advantages. The cost of their
purchase and subsequent operation is significantly
smaller than that required for purchasing specialized
forestry tractors, applied in conditions in which the
use of larger, professional means of extraction would
be uneconomical (Akay 2005, Sowa et al. 2007). They
are also valued for their manageability, maneuverabil-
ity and small size (Gilanipoor et al. 2012). Due to their
small size and weight, they can cause less damage to
the forest environment than specialized tractors (Shaf-
fer 2009). They also exert lower unit pressure on the
ground (Kulak et al. 2015) and can be used in areas
where soil protection is important (Sunjar et al. 2008).
Farm tractors are also very versatile, they can be used
for numerous tasks carried out not only in forestry but
also in many sectors of the economy (Gil 2000). In
countries where agriculture is an important branch of
the economy with a long tradition, agricultural trac-
tors are widely available and adapting them for for-
estry work is a rational choice, primarily on an eco-
nomic basis (Spinelli et al. 2015).

In Poland, farm tractors are the most numerous
means of timber extraction (Kocel 2013). This is partly
due to historical conditions: after the political transfor-
mation in Poland in the early 1990s, forestry work was
privatized. Initially, numerous forestry companies
were small and undercapitalized. Most often, the farm
tractor was their main technical means (Wiesik 2017a).
Most of the area of Poland is covered by relatively well-
accessible lowlands, and in such conditions, farm trac-
tors, now equipped with winches and trailers, cope
with their tasks well (Moskalik et al. 2017). Moreover,
a large part of the country is dominated by small and
scattered woodlands. In such stands, the use of highly-
efficient, professional forest machines has no econom-

icjustification, whereas properly adapted farm tractors
are a reasonable alternative (Zychowicz and Kasprzyk
2014). With the increasing popularity of the CTL sys-
tem in Poland (Mederski et al. 2016), this adaptation
most often consists of creating units consisting of a trac-
tor with a self-loading forest trailer (Moskalik et al.
2017). There are many manufacturers of such trailers;
moreover, trailers differ in terms of construction, di-
mensions, load capacity and drive (Wigsik 2017a). In
the first decade of the 20" century, the number of forest
trailers in Poland was estimated to 1000-1500 (Kocel
2010). The increasing number of trailers used for timber
forwarding in Poland and European countries over the
last five years and its projected growth (Persistence
Market Research 2019) are causing therefore analyses
of the working time and productivity of forwarding
units based on the fact that these devices are still topi-
cal and important from an economic point of view.

The aim of the study was to characterize and com-
pare the working time structure and productivity of
forwarding units consisting of a farm tractor and a
forest trailer operating in coniferous stand in flat ter-
rain. It was hypothesized that a forwarding unit with
a higher payload would be characterized by greater
productivity. Furthermore, it was hypothesized that
the duration of forwarding cycles and their productiv-
ity are influenced by the size of the timber load and
the distance of the loaded travel.

2. Materials and Methods

The research was carried out in the Wloszczowa
Forest District, located in the southern part of Poland,
in a 90-year-old pine stand (Pinus sylvestris L.) in which
late thinning was being conducted at the time. The
operation area was 12.52 ha, with the geographical
coordinates of 50°47'20”N, 19°53’29”E. Other charac-
teristics of the stand are as follows: forest site type —
mixed fresh coniferous forest, one-storey structure,
stand density index 1.2, intermittent stand density,
stand volume of 386 m’<ha™. The average diameter at
breast height was 29 cm and the average height 24 m.
The site had an elevation of 241-245 m above sea level
and was quite flat. As part of the thinning, a total of
540 m® of timber was harvested.

Timber harvesting and extraction was performed
in May 2019, in rainless weather and at the tempera-
ture of 16-20°C. The study analyzed the forwarding
of logs with a length of 3.0 m and a minimum at the
upper end diameter of 14 cm. The stand was made
accessible by means of skid trails with an approxi-
mately 30 meters spacing. The timber was stacked in
irregular, small piles at the edge of the skid trails. Ex-
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Table 1 Characteristics of trailers and tractors used in the research

Trailer Farma T6 Palms H92
Load capacity, kg 6000 9000
Weight, kg 900 1500
Length, mm 4390 7290
Loading space length, mm 2825 5155
Width, mm 1755 2090
Loading area, m’ 14 2.0
Crane Farma C 3.8 Palms 670
Reach, mm 3800 6700
Weight, kg 350 1100
Grapple area, m* 0.12 017
Tractor Ursus C-360 Valtra Valmet 800
Engine power, kW 38 60
Drive type 4x2 x4
Weight, kg 2170 3329
Length, mm 3570 4040
Width, mm 1800 2100
Height, mm 2230 2700

traction was performed with the use of two units con-
sisting of farm tractors with trailers equipped with a
hydraulic crane (Tab. 1, Figs. 1, 2). In the following
parts of this study, these units are abbreviated as
Farma and Palms. On the trailer of the Farma unit, logs
were stacked to form one bay, while on the trailer of
the Palms unit they were stacked as two bays, because
the length of the loading space exceeded 5.1 m.

Each forwarding unit was operated by one person.
The tractors moved only along skid trails, transporting
the timber to the landing located nearby the used
stand next to the transport road.

Fig. 1 Forwarding unit: Ursus C-360 tractor with Farma T6 trailer

Fig. 2 Forwarding unit: Valtra Valmet 800 tractor with Palms H92
trailer

During the work, continuous chronometrics were
performed using an electronic stopwatch with the ac-
curacy of 1 second. The duration of each successive
observed operation and delay were recorded in the
field raptor. All measurement results were entered
into a spreadsheet and used for further calculations
and analysis.

The forwading cycle was split into the following
time elements (operations), which were timed indi-
vidually:

= unloaded travel: included travel without a load
from the landing to the loading area. Time mea-
surement started the moment the tractors left
the landing for the skid trail and ended when
they stopped at the first log pile to be forwarded.
The distance of the unloaded travel was mea-
sured from the point of unloading at the landing
to the point of stopping at the first package in
the stand

= loading: included lifting the logs with a grapple
and placing them on a trailer. Time measure-
ment started when the forwarding unit stopped
at the first timber package to be forwarded and
ended after the unit moved on to the next op-
erations. The forwarding distance during load-
ing was measured from the point of stopping at
the first package in the stand to the point where
the full load was formed

= loaded travel: included travel with a partially
loaded unit over the felling area. Time measure-
ment started the moment the unit moved after
loading and ended when it stopped for the next
loading

= loaded travel with full load: included travel with
a full load to the landing. Time measurement
started the moment the unit moved after load-
ing and ended when it stopped. The forwarding
distance of the full load was measured from the
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point of formation of the full load to the point of
unloading at the landing

= unloading: included transferring logs from the
trailer with the use of a grapple and stacking
them in a pile. Time measurement started when
the unit stopped at the landing and ended after
the unit moved on to the next operations

= daily service: steps taken to prepare the machine
for operation and to refuel

= breaks: included the time for meals, physiologi-
cal needs and the operator’s rest.

Productivity of each forwarding cycle was calcu-
lated for productive work time (net productivity) and
for work place time (gross productivity), based on the
IUFRO time classification (Bjorheden et al. 1995). Ac-
cording to this classification, productive work time
included main work time and complementary work
time, which were used to calculate net productivity
expressed as m’xPMH". Work place time included
productive work time, supportive work time (mainte-
nance, refuel and repairs), non-work time (rest and
personal time and meal time). All measured times
were used to calculate gross productivity expressed as
m’xSMH" (Stariczykiewicz et al. 2021).

An analysis was also performed for complete for-
warding cycles, understood as the time necessary to
transport a single load of timber, and measured from
the start of unloaded travel to the stand, through load-
ing process, forwarding to the landing, until comple-
tion of unloading at the landing.

After the timber forwarding cycle was completed,
all logs in the load were counted during unloading. In
order to calculate the volume of loads, the mid-diam-
eters over the bark were measured on 100 logs in each

Table 2 Characteristics of loads and forwarding distances

work shift (a total of 1100 logs). This data enabled the
volume of each log to be calculated using Huber’s for-
mula as well as the average volume per log. After mul-
tiplying it by the number of logs in the load, the timber
volume in each forwarding cycle was calculated. The
distance of travel during loading and forwarding was
determined for each load using a Trimble GPS unit
with an accuracy of 1 m. It was read from the screen
of the field recorder included in the kit.

Further work included the basic descriptive statis-
tics of the sizes of single loads, loaded travel distances,
loaded travel with full load distances, calculations of
working times and productivity.

After checking the normality of the distributions
with the Shapiro-Wilk's test, the significance of differ-
ences in the cycles productivity for the analyzed for-
warding units was determined with the use of the
Student’s t-test. Multiple regression analysis was ap-
plied to model the relationships between the duration
of forwarding cycles and work productivity on the one
hand (dependent variables), and, on the other, load
volume — VOLg and the distance of loaded travel —
DIST,; (independent variables). Calculations were
made for parameters of these equations, the signifi-
cance of individual independent variables was as-
sessed using the Student’s t-test, while the significance
of the entire models was assessed by the Fisher test. In
the case of determination of a significant influence of
only one independent variable on the forwarding cy-
cle time or on forwarding productivity, the relation-
ship between the two variables was characterized by
the Pearson correlation coefficient, the significance of
which was assessed using the Student’s ¢-test. The pa-
rameters of the regression function were also estimat-

Forwarding unit Unit Mean Total Minimum | Maximum SD

Load volume m 2.09 133.76 1.18 2.58 0.29

Number of logs in the load pcs. 17 1088 8 24 3.96

Farma Unloaded travel distance 107.49 3440 41.65 366.35 65.01
Loaded travel distance 461.34 29,526 251 595 90.37

Loaded travel distance with full load 143.47 4591 98 197 28.88

Load volume m 7.89 283.86 5.60 8.80 0.81

Number of logs in the load pcs. 65 2354 38 84 12.44

Palms Unloaded travel distance 100.40 1707 52.70 141.10 2414
Loaded travel distance 1316.67 47,400 1004 1943 233.52

Loaded travel distance with full load 176.39 3175 101 200 22.99
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ed (Acuna et al. 2012, Stanisz 2007). All statistical
analyses were performed using the Statistica 12 pack-
age (StatSoft Inc. 2012).

3. Results

The time study covered a total of 91 hours, 5 min-
utes and 44 seconds, of which 47 hours, 5 minutes and
54 seconds pertained to the Farma unit, and 43 hours,
59 minutes and 50 seconds to the Palms unit. In that
period, the former unit performed 64 forwarding cy-
cles, transporting a total of 134 m® of timber, while the
latter performed 36 cycles, transporting 284 m’ of tim-
ber. Detailed data on the forwarded loads and for-
warding distances are presented in Table 2.

The average load of timber transported by the
Palms unit consisted of about 65 logs for a total vol-
ume of nearly 8 m’. The Farma unit transported loads
that were nearly 4 times smaller, consisting of an aver-
age of 17 logs for a total volume of over 2 m’. The
average loaded travel distance of the Palms unit,
which was over 1300 meters, was nearly 3 times as
long as that of the Farma unit, i.e. about 460 meters.
Both units worked in the same stand, in the area
where there was a landing. Hence, the differences in
the distance of moving to load and loaded travel with
afullload, counted from the completion of loading to
the moment of reaching the landing, were not so
large. With similar maximum and minimum distanc-
es, the Farma unit travelled with a load to the landing
covering a distance that slightly exceeded 140 meters,
while the Palms unit covered a distance that was lon-
ger by about 1/4.

In the structure of working time of both forward-
ing units, the largest share, i.e. over 36%, was that of
loading time (Fig. 3). The longer loaded travel for the
Palms unit (by more than 52% compared to the Farma
unit) was probably due to the need to collect more
logs and load them onto the trailer in two bays. On
the other hand, the shorter unloading time (by more
than 22%) was due to a larger grapple volume (result-
ing from its 42% larger area) (Tab. 1). The working
time structure presented in Fig. 3 suggests that longer
loading and loaded travel times when using forward-
ing units with higher capacity can be compensated for
by shorter unloading times through the use of larger
grapples, appropriately matched to the capacity of the
hydraulic cranes.

An attempt to construct a multiple regression mod-
el showing the impact of variables such as the load
volume and the distance of loaded travel on the dura-
tion of forwarding cycles showed that only the last of
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the above characteristics has a significant influence on
the duration of those cycles. An analysis of the correla-
tion between the duration of forwarding cycles and
the distance of loaded travel (Figs. 4 and 5) showed
that these variables are characterized by a moderate
correlation: the correlation coefficient is R=0.56 for the
Farma unit and R=0.67 for the Palms unit. The Stu-
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Fig. 4 Dependence of duration of forwarding cycles on distance of
loaded travel (Farma unit)
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Fig. 5 Dependence of duration of forwarding cycles on distance of
loaded travel (Palms unit)

dent’s t-tests (+=5.34, p=0.000; +=5.30, p=0.000) showed
that it is statistically significant. The resulting regres-
sion egs. take the following forms:

Cycle timeg,m, = 15.56 +0.037 x DIST; 1, min. (1)
Cycle timep,,, = 26.65 + 0.028 x DIST,;, min.  (2)

Where:
DIST;; distance of loaded travel, m

The regression function models presented are char-
acterized by a coefficients of determination R*<0.35
and R*=0.45, respectively.

The productivity of the Palms unit obtained both
in the productive work time (7.45 m’xPMH") and the
work place time (total shift time) (6.45 m*xSMH™) was
approximately twice as high as that of the Farma unit:
3.81 m*xPMH" and 2.84 m’xSMH", respectively. The
difference in productivity of both units was statisti-
cally significant (t=-15.82, p=0.000). The multiple re-
gression models that characterized the productivity of
forwarding cycles in the productive work time have
the following forms:

Cycle productivityg,m,, = 2.51 + 1.34 x VOLg_ -

0.03 x DIST,; +0.45 m> x PMH™" 3)
Cycle productivityp,,, = 6.05 +0.79 x VOLg —

0.004 x DIST,; + 0.6 m> x PMH™ 4)
Where:
VOLg, timber volume in a single load, m’

DIST;, distance of loaded travel, m
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Table 3 Farma regression analysis: forwarding cycle productivity

Equation parameters: f = 0.63; B = 0.39; F = 9.32; p = 0.00

Parameters of independent variables:

B Standard error t p
Absolute term 0.60 4.15 0.00
VoL, 0.70 0.32 417 0.00
DIST; -0.51 0.00 -3.05 0.00

Table 4 Palms regression analysis: forwarding cycle productivity

Equation parameters: B = 0.82; i = 0.67; F = 15.46; p = 0.00

Parameters of independent variables:

B Standard error t p
Absolute term 1.63 3.7 0.00
VOLy 0.58 0.20 3.79 0.00
DIST; -0.78 0.00 -5.04 0.00

The characteristics of the obtained models are pre-
sented in Tables 3 and 4.

The obtained models are statistically significant.
The model for the Palms unit explains nearly 70% of
the variation in forwarding productivity. The model
for the Farma unit, on the other hand, explains nearly
40% of the variation in forwarding productivity. The
values of standardized {3 regression coefficients indi-
cate that work productivity of Farma unit was most
significantly affected by the timber volume in a single
load, while the distance of loaded travel was statisti-
cally significant but had a smaller impact on produc-
tivity. In the case of the Palms unit, the distance of the
loaded travels had a greater impact on productivity
than the timber volume in a single load.

4. Discussion

The operators of the two forwarding units did not
use their full load capacity. The weight of 1 m’ of pine
timber in Poland is assumed to amount to an average
of 750 kg (Tomczak and Jelonek 2014), and the mean
weight for the Farma unit and Palms unit amounted
to 1.6 tons and 5.9 tons, respectively. This means using
the load capacity at the level of 26% and 66%, respec-
tively. Obviously, full utilization of the load capacity
is not possible, which is also confirmed by studies of
forwarding machinery in Finland. In one such study,
conducted in birch stands, where timber obtained in
thinning was extracted with a Timberjack 810B for-
warder with a carrying capacity of 8.5 tons, the loads
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constituted on average less than 60% of that weight
(Laitila et al. 2007). Nearly 55% capacity utilization
was described by Ghaffarian et al. (2007) in a study on
extraction of various coniferous species using a Ponsse
forwarder with a capacity of 14 tons. In similar re-
search done in Poland, timber extraction units consist-
ing of a farm tractor with a trailer equipped with a
crane were characterized by load capacity utilization
starting from almost 40% in mature pine stands simi-
lar to those analyzed in our study (Naskrent et al.
2019), to about 75% in alder stands (Kormanek and
Fiszer 2018). In our study, smaller utilization of the
load capacity of the Farma unit was due to the fact that
the trailer with a total length of 4.2 m could only con-
tain one pile of 3 metre-long logs. On the longer trail-
er of the Palms unit, the timber was placed in two
piles. The length of the extracted timber assortments
may significantly affect the work productivity
achieved. That is why trailer manufacturers offer solu-
tions that make it possible to either change the length
of the trailer in order to adapt it to the length of timber
assortments, or to change the width of the trailer and
the height of its stanchions to allow the transport of
larger loads (Wiesik 2017b).

Forwarding, with its mechanized timber loading
and unloading by means of a crane with a grapple, is
characterized by a small number of operations per-
formed. Four operations are typically distinguished:
unloaded travel, loaded travel, preceded by loading
and interrupted for travel continuation, and unload-
ing (Gagliardi 2020, Manner et al. 2013). The operators
of the two analyzed forwarding units spent most of
their time on loading: it accounted for 37-39% of their
working time. The observed structure of the working
time of both forwarding units, with the largest share
of loading time, is characteristic of forwarding. Spi-
nelli et al. (2004) report that in a eucalyptus plantation,
the forwarder was being loaded for 36% of the shift
time. In another study, an analysis of the working time
of Ponsse forwarders on a pine plantation showed that
the loading time had the largest share in the forward-
ing cycle and, regardless of the forwarder model, it
was slightly over 50% (Gagliardi et al. 2020). Accord-
ing to Proto et al. (2018b), John Deere forwarders with
a capacity of 12-14 tons, used for timber forwarding
in pine and fir stands, were characterized by forward-
ing cycles with the share of loading operations very
similar to that obtained in our study: at the level of
about 35%. For both the Palms and Farma units, the
shares of the remaining times that make up a forward-
ing cycle decreased in the following order: loading,
unloading, unloaded travel. The same sequence is pre-
sented in many publications. It was observed during

timber extraction in pine stands with the use of the
forwarder Valmet 840.2 (Maksymiak and Grieger
2008), as well as extraction with the forwarder John
Deere 1110E or the MTZ 80 farm tractor coupled with
a forest trailer (Pszenny et al. 2019).

Palms unit extracted loads that were 3.7 times larg-
er, and which were picked up during loaded travel
over a distance that was 2.8 times longer than in the
case of Frama unit. The obtained forwarding cycle du-
ration models explain 35-45% of the cycle time varia-
tion based on only one variable, which is precisely the
distance of loaded travel. In the literature on the sub-
ject, mathematical models of the forwarding cycle du-
ration are constructed on the basis of various variables,
depending on the specifics of field research performed.
The forwarding cycle duration is often related to load-
ed travel distance (Mousavi and Naghdi 2014), the
load size being extracted (Proto et al. 2018a), and the
type of cuts performed (clear cutting, thinning) (Nur-
minen et al. 2006). Technological factors, such as the
number of assortments being extracted or their con-
centration (Manner et al. 2013), are also sometimes
taken into account. The reason why the model of the
time consumption of forwarding cycles obtained in
our study is based solely on loaded travel distance is
probably the fact that this feature is strongly corre-
lated with load size and characteristic for each of the
forwarding units.

With regard to the obtained models of forwarding
productivity, it is constructed taking into account the
size of the transported loads and the loaded travel dis-
tance. The obtained models may be useful in practice,
despite the well-known relationships between pro-
ductivity and timber volume in a single load and dis-
tance of loaded travel. These models characterize the
productivity of the analyzed forwarding units related
to their load capacity. Similar models are presented in
many studies (Cadei et al. 2020, Ghaffariyan et al. 2019,
Hildt et al. 2020, Stanki¢ et al. 2012). In the case of this
research, load size was basically affected by the mod-
el of the forestry trailer: differences between the load
size of the Palms unit (about 8 m®) and the Farma unit
(2.1 m’) are very large. This is confirmed by the fact
that timber extraction with the use of larger forward-
ers, with higher load capacity, is more productive
(Proto et al. 2018¢, Spinelli et al. 2004). From a practical
point of view, the results presented in the article
should encourage potential buyers (forest entrepre-
neurs) to make decisions to invest in larger, more ef-
ficient forest trailers. The productivity of timber ex-
traction done with the use of farm tractors with trailers
shows considerable variability. For example, in a 95
year-old pine stand, forwarding with the Zetor 8045
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tractor coupled with a trailer with a capacity of 12 tons
was characterized by the net productivity amounting
to approx. 5 m’xPMH" with an average forwarding
distance of nearly 200 meters (Zychowicz and
Kasprzyk 2014). In a deciduous stand, the Belarus 820
tractor with a trailer with a capacity of 8 tons achieved
the productivity of nearly 5m’xPMH" (Kormanek and
Fiszer 2018). The net productivity of the analyzed for-
warding units did not differ from that presented in the
literature: for the Palms unit it was about 7.5 m*xPHM"
and for the Farma unit it was close to 4 m°xPMH™.
Such productivities are even similar to the productiv-
ity of Vimek 606 miniforwarders, which ranges from
3.5-5.3 m’>xPMH" (Mederski et al. 2018) to 7.6
m’xPMH" (Stempski and Pilarek 2012), depending on
the species composition and stand age.

5. Conclusions

The forwarding units compared in the present
study, and consisting of farm tractors coupled with
self-loading trailers, operating in the same mature
pine stand, differed in their load capacity. One of the
units, Farma, had a load capacity of 6 tons, and the
other, Palms, of 9 tons. This influenced not only the
size of the transported loads and the duration of for-
warding cycles, but also work productivity, which was
about twice higher in the case of the unit with a high-
er load capacity.

Therefore, in order to shorten the forwarding time,
increase its productivity and thus reduce costs, trailers
with a larger payload should be used for extracting
timber. The different load capacity of the two forward-
ing units under analysis did not, however, affect the
working time structure significantly. The structure of
the duration of each activity during work was similar
in the case of both units, and was characterized by a
dominant share of loading time, which is characteris-
tic of forwarding. For both trailers, mathematical mod-
els were developed for the duration of the forwarding
cycle, which depends on the loaded travel distance.
Mathematical models were also developed for the pro-
ductivity of the forwarding cycle, which also depends
on the loaded travel distance but also on the timber
volume in a single load. The models can be used to
estimate the time and productivity of forwarding with
the use of trailers coupled with farm tractors under
conditions similar to those described in this study.
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