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Abstract. The article presents typical schemes of the development of the
harvest area and the technological operations performed by a middle-class
feller-delimber-buncher (FDB) (Ponsse Ergo 8W) in the middle taiga of
the Komi Republic under natural and production conditions of JSC
Syktyvkar LPC. On the example of the most common in the logging
practice plantation forest plantations modeled the technological process in
terms of productivity of a typical multi-operational logging machine, the
process of processing one tree by such a machine, taking into account the
graph theory modeled and given graph of processing one tree, hourly
productivity of FDB in such conditions, recommendations on the value of
the planned indicator of hourly productivity of FDB in such conditions are
given.

1 Introduction

In the Russian Federation wood industry complex, this stage of development of the
production process is an important stage of the primary phase of logging, which uses
modern multi-operational forest machines (feller-delimber-buncher and wheeled sorting-
pickers), working mainly on Scandinavian sorting technology, each unit of which is under
the control of the operator of logging machinery [1, 2, 3, 4, 5, 6].

At this stage of science and technology development it is worth noting the high level of
development of foreign solutions for sorting (dominant) and whip technology [7, 8, 9, 10].

At the same time, there are domestic solutions in terms of software to increase the
productivity of such equipment, especially feller-delimber-buncher machines (FDB) [11,
12, 13, 14, 15].

It is well known that a feller-delimber-buncher (FDB) performs the following
technological processes: felling of trees, clearing of trees from limbs, buckling of logs into
assortments, sorting of assortments [16]. The scheme of development of a typical
harvesting area by a system of machines feller-delimber-buncher machine (FDB) and
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wheeled sorting pickers (SP) in the natural and production conditions of the JSC
"Syktyvkar LPC" in the middle taiga of the Komi Republic is shown in Figure 1.
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Fig. 1. Scheme of forest clearing development by FDB + SP machine system in the Middle taiga of
the Komi Republic in the natural and production conditions of Syktyvkar LPC JSC with preservation

of undergrowth and young trees.

1 - timber hauler; 2 - main drag; 3 - harvester; 4 - loading point; 5 - stack of assortments; 6 -
boundary of the safety zone; 7 - stumps; 8 - preserved juveniles; 9 - plantings before felling; 10 -
planned bee trail; 11 - reversal ring; 12 - forwarder, 13 - apiary skidding trail; 14 - logging residues;

15 - packs of assortments; 16 - pa-sec limit

2 Methods and materials

The FDB manufacturing process is modeled. Hourly production rate of FDB (P is

determined by the formula (1).

3600V,
P, =—7
Tc
here V, = average tree trunk, m?;
T = cycle time of performed operations, s.

1)

Hourly productivity of FDB is modeled on the example of plantation forest stands. The
following typical taxation characteristics of forest stands in the Komi Republic are
assumed. Average wood stock (M,,) in the Komi Republic is assumed to be 200 m? per ha.
Average volume of a tree trunk (V) in the Komi Republic is assumed to be 0.3 m 3.
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The number of trees (n) per 1 ha is assumed to be 666 trees (n = My, / V=200 m*/ 0.3
m? ~ 666.666 trees, i.e., 666 trees).

The scheme of a typical plantation harvesting area of 8.08 ha in the Middle Taiga of the
Komi Republic is shown in Figure 2.

Fig. 2. Scheme of a typical plantation harvesting area in the Middle Taiga of the Komi Republic.

A typical plantation harvesting area in the Middle Taiga of the Komi Republic is
divided into apiaries (b) with a width of 16 meters, a drag width of 4 meters, and a drag
length of 202 meters. A fragment of an apiary is shown in Figure 3.

4000

w6000

— —
Fig. 3. Fragment of a typical plantation apiary in the Middle Taiga of the Komi Republic.

Diagram of the apiary with division into technological parking lots (length (a) 6
meters)) FDB (the area S=a*b = 6*16 = 96 m?) average of 6-7 trees per parking lot.

Thus, FDB can harvest timber from one apiary on 5-7 technological stands in the
conditions of plantation forests in the Middle taiga of the Komi Republic.

3 Results and discussion

The process of processing 1 tree is modeled for a medium-class feller-buncher (FDB)
Ponsse Ergo 8W in the middle taiga of the Komi Republic in the natural and production
conditions of JSC "Syktyvkar LPC". Time for processing one tree FDB (7¢) is made up of
the following:

Te = ti+tz+ 3+t ts+ts+ tr+ts+ toFtio+ ti1+tiz+ ti3+tia+ tis+tis t17+tis, ©)

here
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1) ¢; — time for setting the harvester head (HH) on the tree trunk, s.

1 55m

t; =—=——=13.75 sec;
17 v T 04m/s se¢

2) t; — time of tree trunk gripping by the harvester head, s;

3) t3 — time for sawing a tree trunk, s;
4) t4 — tree fall time, s;

5) ts— time of moving the harvester head to the apiary fiber for chipping, s.

l 4m
ts =—=———=10 sec;
> Ty 04m/s sec

6) ts— HH FDB timber butting time, s.
Figure 4 shows a schematic diagram of the barking of the tree as well as the top part of
the tree.

Fig. 4. Schematic of wood butting, as well as the top part of the tree.

7) t; — time of trunk moving to the apiary belt, s.
A diagram of the tree trunk at the apiary band is shown in the Figure 5.

l 2m
t7=_

v 04 m/s = 5sec;

R e

Fig. 5. Tree trunk at the apiary band.
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8) ts — time for pulling a tree trunk through lopping blades for 4 meters, s.

l 4m
v 1m/s

= 4 sec;

9) to — time for sawing the trunk (1st saw log), s.
The layout of the 1st sawn timber is shown in Figure 6.

esats
\\

Fig. 6. Layout of the 1st saw log.
10) ¢;9 — time for pulling a tree trunk through lopping blades for 4 meters, s;

l 4m
t10=;=m=4sec

11) ¢;; — time for sawing the trunk (2nd saw log), s.
The layout of the two saw logs is shown in Figure 7.

T

1 -1saw log; 2 - 2 saw log.

Fig 7. Schematic diagram of two saw logs arrangement.
12) ¢, — time to turn the harvester head (HH), s.
13) ¢;3 — time for pulling a tree trunk through lopping blades for 4 meters, s

. l 4m _
13_17_

14) ;4 — time for sawing the rest of the trunk into balances, s.
15) ¢;5 — time to move the top of the tree to the center of the apiary fiber, s;

l 2m

t =—=—=5
577 04m/s sec

16) t;6 — blade opening time, s;
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17) t;7 — time for falling of the tree top to the center of the apiary fiber, s;
18) #;5 — time to move the harvester head (HH) to the starting position, s.
Cycle time of processing one FDB tree (7.) is determined by the formula (2):

T, =13.75+2+4+4+10+4+5+4+4+4+3+2+4+3+5+2+2+4 = 79.75 ~ 80 sec

Based on the components of the cycle time of processing one tree, the graph of
processing one FDB tree is compiled and the following assumptions are made: s/ = ¢;, s2 =
1), 3 =13 84 =14, 85 =15, 86 =g, 7 =17, S8 =ts, 9 = to, s10 = t;9, s11 = t;;, s12 = t;5, 513
=t13, 814 =t14, s15 =t;5, 816 = t15, 17 = t17, SI18 = tys.

Real FDB performance (P;) in plantation forest stands for feller-delimber-buncher
(FDB) of medium class Ponsse Ergo 8W in the middle taiga of the Komi Republic in the
natural and production conditions of JSC Syktyvkar LPC, taking into account the found
values is determined by formula (1) and is equal to:

3600+ 0.3

P
h 80

=13.5m3/h

The process of processing FDB trees per hour is further modeled. Time to process FDB
trees per hour (7;) consists of the following components:

Te =t11+ t2-1+ 3.1+ ta-1+ ts-1+ te-1+ to-2+ ti2+ tz-2+ t3-2+ ta2+ ts2+ te-2+ t7-2+ to-
3+ t1-3+ t2-3+ t33+ ta-3+ ts-3+ te-3+ to-4+ t1-a+ to-a+ t3-4+ ta-4+ ts-a+ te-a+ t7-4+ to-s+ ti-
5+ t2.5+ 3.5+ t4-5+ ts.54+ te-5+ to-6+ ti-6+ t2-6+ t3-6+ ta-6+ ts-6+ te-6 + t7-6+ to-7+ t1-

7+ t2-7+ 3.7+ ta-7+ ts-7+ te-7+ to-s+tis+ t2-s,
where:
1. t;.; is time for felling and processing of the st tree at the 1st parking lot, s.
The arrangement of sorts after treatment of one FDB tree is shown in Figure 8.

e
-5 ———

o

o

Fig. 8. Arrangement of assortments after FDB processing of one tree.

2. t»; — time for felling and processing of the 2nd tree at the 1st parking lot, s;
3. t3.; — time for felling and processing of the 3rd tree at the 1st parking lot, s.
Arrangement of assortments after treatment of three FDB trees is shown in Figure 9;
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Fig. 9. Arrangement of assortments after FDB processing of three trees.

4. t4.1 — time for felling and processing of the 4th tree at the 1st parking lot, s;
5. ts5.; — time for felling and processing of the 5th tree at the 1st parking lot, s;
6. t5.; — time for felling and processing of the 6th tree at the 1st parking lot, s.
Arrangement of assortments after treatment of six FDB trees is shown in Figure 10.

Fig. 10. Arrangement of assortments after FDB treatment of six trees.

7. tyg.> —time for FDB passage to the 2nd parking lot (6 meters), s;
_ 6m

v  0.5m/s

8. ;2 — time for felling and processing of the 1st tree at the 2nd parking lot, s.

Arrangement of assortments after treatment of seven FDB trees is shown in Figure 11.

to_y = =12 sec

——

Fig. 11. Arrangement of assortments after harvester treatment of seven trees.

9. t,., — time for felling and processing of the 2nd tree at the 2nd parking lot, s.

The arrangement of assortments after treatment of eight FDB trees is shown in Figure
12.
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Fig. 12. Arrangement of assortments after harvester treatment of eight trees.

10. 132 — time for felling and processing of the 3rd tree at the 2nd parking lot, s.
The location of assortments after processing of nine FDB trees is shown in Figure 13.
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Fig. 13. Arrangement of assortments after FDB treatment of nine trees.

11. ts — time for felling and processing of the 4th tree at the 2nd parking lot, s;

12. ts.> — time for felling and processing of the 5Sth tree at the 2nd parking lot, s;

13. ts.> — time for felling and processing of the 6th tree at the 2nd parking lot, s;

14. t7.> — time for felling and processing of the 7th tree at the 2nd parking lot, s.

The locations of the assortments after processing the thirteen FDB trees are shown in
Figure 14.

Fig. 14. Arrangement of assortments after FDB treatment of thirteen trees.

15. t9-3 — time to move FDB to the 3rd parking lot (6 meters), s;

l 6m

—=———=12
v 05m/s sec

to-3 =
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16. t1.3 — time for felling and processing of the 1st tree at the 3rd parking lot, s;

17. 123 — time for felling and processing of the 2nd tree at the 3rd parking lot, s;
18. t3.3 — time for felling and processing of the 3rd tree at the 3rd parking lot, s;
19. t+.3 — time for felling and processing of the 4th tree at the 3rd parking lot, s;

20. t5.3 — time for felling and processing of the Sth tree at the 3rd parking lot, s;
21. ts.3 — time for felling and processing of the 6th tree at the 3rd parking lot, s;
22. to.4 — time for driving the harvester to the 4th parking lot (6 meters), s;

6m

th,=—= =12
="y T 0.5m/s sec

23. t1-4 — time for felling and processing of the 1st tree at the 4th parking lot, s;

24, t2.4 — time for felling and processing of the 2nd tree at the 4th parking lot, s;
25. t3.4 — time for felling and processing of the 3rd tree at the 4th parking lot, s;
26. t+.4 — time for felling and processing of the 4th tree at the 4th parking lot, s;

27. t5.4 — time for felling and processing of the 5Sth tree at the 4th parking lot, s;
28. ts.4 — time for felling and processing of the 6th tree at the 4th parking lot, s;
29. t7.4 — time for felling and processing of the 7th tree at the 4th parking lot, s;
30. to.s — time for driving the harvester to the 5th parking lot (6 meters), s;

l 6m

the =—= =12
=5 7y T 0.5m/s se¢

31. t1.5 — time for felling and processing of 1 tree at the 5th parking lot, s;

32. t2.s — time for felling and processing of the 2nd tree at the 5th parking lot, s;
33. t3.5 — time for felling and processing of the 3rd tree at the 5th parking lot, s;
34, ts.s — time for felling and processing of the 4th tree at the 5th parking lot, s;
35. ts.s — time for felling and processing of the 5Sth tree at the 5th parking lot, s;
36. ts.s — time for felling and processing of the 6th tree at the 5th parking lot, s;
37. to.s — time for driving the harvester to the 6th parking lot (6 meters), s;

6m

th ey =—= =12
=6 "y T 0.5m/s se¢

38. t1.¢ — time for felling and processing of the 1st tree at the 6th parking lot, s;

39. t2.6 — time for felling and processing of the 2nd tree at the 6th parking lot, s;
40. t3.6 — time for felling and processing of the 3rd tree at the 6th parking lot, s;
41. t+.¢ — time for felling and processing of the 4th tree at the 6th parking lot, s;
42. t5.s — time for felling and processing of the 5th tree at the 6th parking lot, s;
43. ts.s — time for felling and processing of the 6th tree at the 6th parking lot, s;
44. t7.s — time for felling and processing of the 7th tree at the 6th parking lot, s;
45. to.7 — time for driving the harvester to the 7th parking lot (6 meters), s;

l 6m

thor=—= =12
=77y T 0.5m/s sec

46. t;.7 — time for felling and processing of the st tree at the 7th parking lot, s;

47. t2.7 — time for felling and processing of the 2nd tree at the 7th parking lot, s;
48. t3.7 — time for felling and processing of the 3rd tree at the 7th parking lot, s;
49. t4.7 — time for felling and processing of the 4th tree at the 7th parking lot, s;

10
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50. t5.7 — time for felling and processing of the 5Sth tree at the 7th parking lot, s;

51. ts.7 — time for felling and processing of the 6th tree at the 7th parking lot, s;

FDB tree processing cycle time per hour (7¢) is determined by the formula (3) and,
taking into account the obtained values, is as follows:

T. =80+80+80+80+80+80+12+80+80+80+80+80+80+80+ 12
+80+80+80+80+80+80+12+80+80+80+80+80
+80+80+12+80+80+80+80+80+80+ 12+ 80+ 80
+80+80+80+80+80+12+ 80+ 80+ 80+ 80+ 80+ 80
= 3656 sec

The graph of FDB tree processing per hour taking into account the following
assumptions: nl =t ;n2 =t ; n3 =t3.1; 04 =t3.1; N5 =ts.1; N6 = te.1; N7 =t ;n8 =t1 ;
n9 =t ;nl0=to ;nll =t42 ;nl2=ts, ;nl3 =te, ;nld=t;2 ;nlS5 =tz ;nl6="t13 ;
nl7=t3nl8=1t33; nl9=ts3 ;n20=1ts3;n2l =te3;n22 = tog; N23 =t14 ;n24 = tr4 ;
Nn25 = t3.4 ;026 = t4y ; N27 = ts4 ;N28 = te4 ; 129 = t74 ;030 = to.s ; 31 =t;5 ;n32 =15 ;
n33 =t3s ;n34 =ty ;n35 =ts5 ;n36 =t65 ; N37 =t0.6;n38 = t16 ; 139 = tr6 ;040 =135 ;
n4l =ty ;042 = ts6 ; 143 = te6 ;044 = t76 ; n45 = to.7 ;046 = t17 ; nd7 =tr7 ;nd8 =t37 ;
n49 =t47 ;n50=ts7 ;n51=tosg .

Thus, the typical hourly productivity of FDB on the plantation forest area is determined
by the formula (1) and is 13.5 m3/h. This value can be recommended as a planned indicator
for the FDB operator in the middle taiga of the Komi Republic in the natural production
conditions of JSC "Syktyvkar LPC" when harvesting timber with a feller-delimber-buncher
(FDB) of medium class (Ponsse Ergo 8W).

4 Conclusions

On the example of the most common in logging practice plantation forest stands in the
middle taiga of the Komi Republic in the natural-production conditions of JSC "Syktyvkar
LPC" the technological process is modeled in terms of productivity of a typical multi-
operational harvesting machine: feller-delimber-buncher (FDB) of medium class (Ponsse
Ergo 8W), the process of processing of one tree by such a machine, taking into account the
graph theory the graph of processing of one tree is modeled and given, the hourly
productivity (P;) is given for FDB under these conditions (P, = 13.5 m’/h); the
recommendations are given on the value of the planned FDB hourly production rate under
such conditions.

References

1. F.V.Svoikin, .V. Bacherikov, A.R. Birman, V.A Sokolova, Methods. Technology. Ne
4(36), 182-186 (2017) https://doi.org/10.18324/2077-5415- 2017-4-182-186,

2. S.M. Bazarov, Iu.l. Belenkii, S.A. Ugryumov, F.V. Svoikin, V.F. Svoikin, Russian
Forestry Journal 2, 116—129 (2021) https://doi.org/10.37482/0536-1036-2021-2-116-
129

3. F.V.Svoykin, V.A. Katsadze, A.R. Birman, V.F. Svoykin, S.A. Ugryumov, Repair.
Restoration. Modernization: industrial, scientific and technical and educational-
methodical journal 12, 40-43 (2019) https://doi.org/10.31044/1684-2561-2019-0-12-
40-43

4. F.V.Svoykin, V.A. Katsadze, A.R. Birman, V.F. Svoykin, S.A. Ugryumov,
Modernization: industrial, scientific-technical and educational-methodical journal.

11



E3S Web of Conferences 531, 01021 (2024) https://doi.org/10.1051/e3sconf/202453101021
UESF-2024

Moscow: Science and Technology 3, 40-44 (2020) https://doi.org/10.31044/1684-
2561- 2020-0-3-40-44

5. S.M. Bazarov, Yu.l. Belenkii, F.V. Svoikin, V.F. Svoikin, T.M.D. Balde, Izvestia
Sankt-Peterburgskoj Lesotehniceskoj Akademii 235, 150-164 (2021) (in Russian with
English summary) https://doi.org/10.21266/2079-4304.2021.235.150-164

6. S.M. Bazarov, Y.I. Belenkiy, F.V. Svoikin, V.F. Svoikin, T.M.D. Balde, Izvestiya St.
Petersburg Forestry Academy 233, 177-188 (2020) https://doi.org/10.21266/2079-
4304.2020.233.177-188

M.A. Piskunov, Forestry journal 6(378), 132-147 (2020)

8. N.M. Bolshakov, Innovative bases of system development of regional forestry sector of
the economy: methodology, technology, mechanisms. (SPb., SPbGLTU, 2015)

9. LR. Shegelman, V.I. Skrypnik, A.V. Kuznetsov, A.S. Vasiliev, Ingineering herald of
the Don 2(41), 30 (2016)

10. K.N. Chernik, D.V. Chernik, V.N. Korshun, Scandinavian system of forest machines
on the Russian market. In Proceedings of Machine Building: New Concepts and
Technologies. All-Russian scientific-practical conference of students, post-graduates
and young scientists. Krasnoyarsk, pp. 207-209 (2020)

11. K.D. Zhuk, S.A. Ugryumov, F.V. Svoykin, The program for dynamic calculation and
graphical representation of the output of finished products from a separate part of the
STMLOGIC shaft. Certificate of registration of the computer program 2020666691,
12/14/2020. Application No. 2020665981 dated 12/04/2020.

12. K.D. Zhuk, S.A. Ugryumov, F.V. Svoykin, V.F. Svoykin, Izvestiya of higher
educational institutions. Forestry journal 5, 114-130 (2022)
https://doi.org/10.37482/0536-1036-2022-5-114-130

13. K.D. Zhuk, S.A. Ugryumov, Certificate of state registration of computer program No.
2021666516 RU. Program of statistical processing of dimension-quality
characteristics of timber statsProg / applicant and patentee Federal State Budgetary
Educational Institution of Higher Education "St. Petersburg State Forest Engineering
University named after S.M. Kirov"; applied. 07.10.2021, published 15.10.2021,
Bulletin No. 10. - 1 P.

14. F. Svoikin, K. Zhuk, V. Svoikin, S. Ugryumov, 1. Bacherikov, D.V. Iniesta, A.
Ryapukhin, Inventions 8, 57 (2023) https://doi.org/10.3390/inventions8020057

15. F. Svoikin, K. Zhuk, V. Svoikin, S. Ugryumov, 1. Bacherikov, E3S Web of
Conferences 390, 07038 (2023) https://doi.org/10.1051/e3sconf/202339007038

16. V.F.Svoykin, A.A. Molchanova, Study of forest machines productivity // February
readings: collection of proceedings of the scientific and practical conference. F.,
Molchanova A. A. Study of forest machine productivity // February readings: a
collection of proceedings of the scientific and practical conference of the teaching staff
of Syktyvkar Forestry Institute on the results of research work in 2013. Syktyvkar: SLI,
pp- 370-373. (2014)

12


https://doi.org/10.37482/0536-1036-2022-5-114-130
https://doi.org/10.3390/inventions8020057
https://doi.org/10.1051/e3sconf/202339007038

