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Abstract. The aim of the study is to compare the forwarder grapple with a tilt function (tilt grapple) and the
standard forwarder grapple, as well as to evaluate advantages and disadvantages of these grapples in thinning.
Trials are conducted in 4 coniferous stands in North Western part of Latvia in state forests managed by the Joint
stock company “Latvia State forests” (LSF). Two working methods are compared in the study. In the first
method the forwarder is equipped with a grapple with the tilt mechanism and in the second method the standard
grapple is used. Both methods are tested in the same stands. John Deere 810 D forwarder is used as a base
machine. Forwarding is carried out by two operators with similar work experience in thinnings, however, with
no experience with tilt grapples, and each operator performed with both work methods. A time study is carried
out during the trials, the amount of extracted timber is accounted and damages of remaining trees are estimated.
According to the study results consumption of productive work time to transport 1 m® of logs to roadside is by
3 % smaller, if the tilt grapple is used, however, the difference is not significant. The impact of the operator on
productivity is not statistically significant, too. According to the results of the study, the forwarding cost under
conditions typical to the trials is 5.9 EUR-m™, if tilt grapple is used, and 7.4 EUR-m™, if the standard grapple is
used. The amount of mechanical damages of remaining trees is smaller by 21 % in areas where tilt grapple is
used. The total number of damaged trees in control sites (forwarding with standard grapple) conforms with
average data in forests managed by LSF.
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Introduction

According to the information collected by LSF, the average productivity of forwarding in
thinnings in the first seven months of 2017 were 8.6 m3 per engine hour (the average forwarding
distance — 0.6 km) [1]. In earlier trials with standard grapple the average productivity of John
Deere 810 E forwarder was 6.2 m® per engine hour (the average hauling distance 0.8 km), and the
average productivity of Logbear F4000 forwarder was 5.6 m3 per engine hour (the average hauling
distance 0.3 km) [2-4].

The time consumed for loading and unloading operations significantly affects the productivity of
forwarding. Studies carried out so far show that 43 % (Logbear F4000) — 50 % (John Deere 810 E) of
productive working time on average is consumed for loading and unloading 1 m3 of logs [2; 3].

There is a significant focus on minimizing damage to soil and remaining trees in the stand during
thinning [5].While loading with the standard grapple without tilt function the operator can turn a
bundle of logs in the horizontal plane, in order to move it from assortment piles in a stand to a log
bunk. One of solutions to improve productivity of a forwarder and maintain quality of the stand is to
equip the grapple with a tilting mechanism. The tilt mechanism ensures that the bundle of logs is not
only turned in a horizontal plane, but also lifted in a vertical plane at the angle of 45°. Tilt mechanism
is intended to be mounted on the hydraulic system between the grapple and rotator [6; 7].

Buckets and grapples equipped with the tilt mechanism are widely used in construction works,
using an excavator as the base machine, but their advantages have been studied in forestry as well [8].
Tilt mechanism, which is suitable for forwarders, is offered in the market by several producers,
including Swedish company Sit Right AB [9].

Results of studies conducted in Finland and Sweden showed that productivity of a forwarder
equipped with the tilt grapple was higher by 7-10 % comparing with the standard grapple. It also
provides more comfortable work conditions to the operator [10].

In a study conducted in Sweden in 2013 the BioTassu tilt mechanism manufactured by Sit Right
AB was tested. The aim of the study was to investigate, if there are differences in productivity
between use of the standard grapple and the tilt grapple in thinnings of stands with various density. It
was observed in the study that in stands, where the number of trees does not exceed 1000 per hectare,
use of the standard grapple increases the productivity by 6.6 % in comparison to the tilt grapple.
Increase of productivity can be explained with the ability to pick larger bundles of logs in a single
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grip, consequently saving the time for loading. In stands, where the number of trees does not exceed
1500 and 2000 per hectare, the productivity is still higher, if the standard grapple is used, accordingly
1 % and 13.8 %; however, the number of damaged trees was significantly bigger in the areas, where
the standard grapple was used (trees were damaged in 25 % of work cycles). When the tilt grapple was
used, the trees were damaged only in 7.5 % of work cycles, respectively use of the tilt grapple results
in reduction of mechanical damages by 17 %. Trials conducted in Sweden have shown that usage of
the tilting grapple does not increase the fuel consumption of the forwarder and does not cause
additional vibrations, which would worsen the working conditions for the operators [11].

Mechanical damages of remaining trees by forest machines reduce both, quality of timber and the
income projections in regenerative felling. The damages also facilitate fungal infections, which lead to
wood degradation [12]. Following to the infection, the decay invades the central part of the tree stem
and a heart rot is formed. Several studies have been conducted to investigate the aspects of damages in
thinnings. In a study conducted in Sweden in spruce stands it was found that more tree damages
occurred to trees next to strip roads and stem damages negatively correlated with the width of the strip
roads. In a study carried out in Canada there were also more damages on the trees that are located
along the forwarder trails, but wounds on those trees were not significantly larger [13].

The aim of the study is to compare the tilt grapple and the standard grapple in forwarding of logs
in commercial thinning by evaluation of advantages and disadvantages of these two types of loader
grapples.

Materials and methods

The study is implemented in middle age forest stands on drained mineral soils, where the
dominant species (at least 70 %) are conifers. In total four conifer stands were selected with the total
area of 10.5 ha. Characteristics of the stands are provided in Table 1. John Deere 810 D forwarder is
used in the trials; technical specifications are provided in Table 2.

Table 1
Characteristics of forest stand
LKS92 coordinates Area, Growi?g | Dominant Height | Diameter Age in
X % ha stock,lm ha species of trees, | at breast years
m height, cm
375920 349772 2.9 286 Norway spruce 20 20 42
375735 349726 6.7 300 Norway spruce 13 13 36
375643 349510 0.3 403 Norway spruce 21 20 50
376063 349835 0.6 387 Norway spruce 22 21 55
Table 2
Technical specifications of John Deere 8§10 D forwarder [10]
Features Unit Value
Unladen weight kg 10 970
Engine hp 115
Maximum speed km-h' 23
Load area m’ 34
Length m 8.0
Width m 2.5
Boom length m 9.8

The forwarder was equipped with the tilt grapple Bio Tassu. The weight of the tilt mechanism is
66 kg, maximum lifting capacity — 3.5 tonnes, it can lift up to 0.28 m3 in a single grip. The tilt
mechanism is suitable for small and middle class forwarders. The price of the tilt mechanism is about
3000 EUR.

Time studies of forwarding operations are carried out using a field PC Allegro CX, equipped with
time accounting software SDI. Additionally to time accounting, the index number of strip roads and
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other explanatory notes are recorded during the studies. A forwarding cycle is divided into 16 work
elements. Description of each element is given in Table 3.

Table 3
Description of work operations
No Work elements Description
1. Drive in Drive in stand
2. Drive out Driving out of the felling site
3. Reach Reach for an logs when loading in
4. Grip Gripping the logs when loading in
5. Load in Loading in the logs in bunk
6 Tilt function A bundle of logs is turned in the horizontal plane or tilted
' and turned at a 45° angle in the vertical plane
7. Arrange Arrange logs in bunk
8. Drive in stand | Movement of the forwarder in felling site, when loading in
0. Strip road Putting residues into a strip road
. Other operations related to work (picking up assortments

10. Other operations that have fallen out, adjusting logs etc.)
11. Reach when Reach for logs when loading out

loading out

Grip when . .
12. loading out Gripping logs when loading out
13. Load out Loading out logs from the bunk
14. Arranier:elaandlng Arranging logs in landing area
15. Drive :rlelsndmg Driving between piles when loading out in landing area

Other operations

16. unrelated to Activities unrelated to work (phone calls, smoking, etc.)

direct work

Two working methods are compared during trials:

1. Forwarder is equipped with a grapple with the tilt function and operators use this function on
demand;
2. Standard grapple is mounted and logs are loaded in horizontal position only.

Trials with both methods were conducted in the same felling sites. The trials were conducted from
09.10.2017 till 13.10.2017. The average daily temperature during the trials was between 7.4 and
11.6 °C. There was strong (10 mm daily) and significant (6-10 mm daily) rainfall during the first days
of the trials and it was raining every day with varying intensity. There was moderate wind (9.7-
13.9 m:s™). However, according to the operators’ opinion the weather did not significantly affect the
productivity of forwarding.

Damages to remaining trees are accounted across the strip-roads, respectively all damages are
accounted. Mechanical damages are marked after harvesting to separate forwarding related damages.
The sample plot method is used to measure stand conditions before and after thinning; diameter at
breast height of all trees thicker than 4 cm and the height of sample trees are measured in sample plots.
Distribution of sample plots in stands is systematic. Size of the circular sample plots before thinning is
200 m’; after thinning rectangular plots with area of 400 m* (10 x 40 m). Three types of damages are
accounted: stem damages up to 0.5 m above ground, stem damages above 0.5 m from the ground and
root damages. Bark bruise of both stem and root (root is located no further than 70 cm from the tree
and thze diameter is at least 2 cm) is counted as damage, if the area of the revealed damage exceeds
10 cm”.
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Results

1. Comparison of forwarding productivity between two working methods

In total comprehensive time studies are carried out during forwarding of 470 m3 of logs or 72
loads (average load size — 6.5 m®) using both work methods. The second work method (using the
standard grapple) is applied, when 55 % of logs are forwarded.

On average the proportion of productive time consumption per load, using the tilt grapple and the
standard grapple, accordingly, is 95 % and 98 % from the total work time. No significant difference is
found. On average forwarding of 1 load takes 32 min of productive work time. Using of the second
method (standard grapple) results in 2.1 % less productive work time per load (average load size
5.7 m3) in comparison to the first method with the tilt grapple (average load 7.4 m3). Difference in
productivity calculated as time spent per load is not significant. The reason for smaller loads in the
second method (with the standard grapple) is not explained during the study; volume of loads is
determined by the operators. In future studies visual inspection should be replaced by weighing of
loads to obtain more accurate data.

In calculation to extracted volume the average productivity in the trial is 12 m® per productive
work hour. Forwarder, equipped with the tilt grapple in trials demonstrates higher productivity (by
21 %) in comparison to operations with the standard grapple, even if the average load is considerably
smaller. The average productivity figures for the tilt grapple are 13.5 m® per productive hour
comparing with 10.7 m3 per productive hour for the forwarder equipped with the standard grapple.
According to the study results productivity of the forwarder with the tilt grapple during loading is
21 m3 per productive hour and during loading out — 78 m3 per productive hour; in both cases the
productivity is considerably higher in comparison to the standard grapple, respectively, by 19 % and
20 %. However, the results are highly uncertain, particularly due to visual inspection based estimation
of load volumes.

On average forwarding of 1 m3 of logs takes 5.0 min of productive work time in the study
conditions. Time saving due to use of the tilt grapple is 21 % (4.4 min. m3 in average) according to the
study results. However, statistically significant difference of the main productivity indicators is not
found between both methods, accordingly p = 0.097 > 0.05 and p = 0.059 > 0.05.

The first operator forwarded 59 % of the total volume or 278 m3, from which 54 % (150 m3) were
forwarded using the second method and 46 % or 128 m3 of logs — using the first method. The second
operator forwarded 193 m3 of logs in total, from which 68 % (130 m3) are forwarded using the first
method and 32 % or 62 m3 of logs are forwarded using the second method. The average load of the
first operator according to his own estimate is smaller by 8 % (6.3 m3), comparing with the second
operator (6.9 m?). The productivity of the first operator regardless of the method is higher by 2 % in
comparison to the second operator. The difference is not significant.

2. Prime cost of forwarding

In order to calculate the prime cost of forwarding, the average productivity and the average load
size of the forwarder are used. It was assumed that the average hauling distance is 400 m and the
average driving speed of the forwarder is 52 m-min.”. The average productivity indicators of John
Deere 810 D forwarder with and without additional equipment are given in Table 4. It is assumed in
the calculations that operators are working in 2 shifts and the length of each shift is 8 h.

Table 4
Productivity indicators assumed in calculations

Productive time ,,Joad | Productive time ,,Joad

. 3
Method Load size, m in”’, min. load™ out”, min. load™
Grapple with the tilt function 7.4 21.0 6.0
Standard grapple 5.7 19.7 5.5

Prime cost of forwarding with the forwarder equipped with the tilt grapple is considerably smaller
(Table 5) according to the study results, mainly because of bigger loads in this method. Additional cost
of the tilt mechanism is compensated by increased productivity. Use of the tilt grapple have limited
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impact on prime hourly cost of the forwarder; in both methods it is 50 EUR. However, there are
limited data available on the life-time of tilt grapples, the assumption that the tilt mechanism can
operate as long as the grapple may be too optimistic.

Fuel consumption to transport 1 m® of logs to 400 m distance is 1.4 1 with the standard grapple
and 1.1 1 with the tilt grapple. The difference in fuel consumption is mainly due to different load sizes
in both methods.

Table 5
Prime cost analysis of forwarding
Parameter Forwarder with tilt grapple Forwarder with standard
grapple
Investment EUR 35902 EUR 34101
Personnel costs EUR 62637 EUR 62637
Operational costs EUR 60385 EUR 58826
Planned income EUR 7946 EUR 7778
Total, EUR EUR 166869 EUR 163341
Stem logs w1th bark, m3 per 10.4 3.4
productive hour
Annually produced logs, m? 31335 24400
Prime cost of forwarding, EUR m EUR 5.91 EUR 7.43

3. Damages to remaining trees

The number of trees damaged after harvesting does not differ significantly between areas later
extracted by the forwarder equipped with standard and tilt grip. After forwarding the number of
mechanically damaged remaining trees is significantly smaller if the tilt grapple is used — 2.9 % in
comparison to 3.6 %, if the standard grapple is used, respectively use of the tilt grapple results in
reduction of the number of damaged trees by 21 %.

Conclusions

1. Use of the tilt grapple does not have an impact on the share of productive work time,
respectively, during the study it did not expand the service time significantly.

2. Average load size during the study was considerably bigger (7.4 m? in comparison to 5.7 m),
when the tilt grapple was used. Explanation for this phenomenon was not found during the
study. Further research with instrumental measurement of loads is necessary to evaluate, if
this result is systematic and depends on the grapple type.

3. Productivity of the forwarder equipped with the tilt grapple in the study was higher by 21 % in
comparison to the forwarder with the standard grapple, however no significant differences
were found.

4. No significant difference is found between the productivity of the operators, which means that
both operators easily adapted to the tilt grapple and were able to use the benefits provided by
the new work method.

5. Forwarding cost is considerably smaller, using the tilt grapple. However, the main reason for
such result is considerably bigger loads, when the tilt grapple is used.

6. Use of the tilt grapple has a significant impact on damages to remaining trees (from 3.6 % to
2.9 %), which is the main approved advantage of the tilt grapple. This finding approves the
assumption that tilt grapples should be recommended for use in thinning.
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