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Effectiveness of economic development of logging industry is impossible without scientifically grounded strategies of 
formation of perspective technological logging processes with complex use of the total biomass of harvested trees. 
Degree of utilization of wood biomass is to be considered the most important principle of progressive logging tech-
nology. One of the main tasks of the national logging complex is the use of low-grade wood, lumpy wood waste, top 
of trees, twigs and branches, which will significantly improve efficiency of logging. To solve this problem, this article 
reviews the process of modeling of work of sorting and transportation machine designed for loading, sorting and 
transportation of felling residues to timber road. The technological scheme also provides cutting waste with knife for 
sorting by size. The study provides a detailed technological scheme of logging operations using forwarders with a 
removable body for loading, sorting and transportation of felling residues. The body of the forwarder is divided into 
compartments for transportation of waste with different parameters. The information and logical model of the process 
of collection, sorting and transportation of felling residue, which is proposed by machine, was offered. The formula for 
calculating the performance of operation of the sorting and transportation machine was obtained. Sorting according 
to species and types of felling residues is necessary for the production of fuel and technological wood chips for further 
use in production of valuable commercial products.
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INTRODUCTION

Currently, when the requirement for wood is constantly 
increasing, its integrated use assumes particular impor-
tance. Meeting the needs of the national economy in tim-
ber in the coming years will be implemented due to eco-
nomical and most complete its use [1].
In this regard, the main focus of logging development is 
the improvement of the use of all cut wood pulp. It re-
quires further improvement of production of logging and 
wood-processing industry, development of production of 
technological wood chips, wood boards, plywood, con-
tainerboard and other substitutes for timber [2]. 
Improving the use of wood biomass, the involvement in 
the recycling of low-grade, low-value wood, logging resi-
dues, waste, timber and wood recycling is a very import-
ant task. 
The problem of waste recycling in logging has been re-
viewed by many domestic and foreign scientists in pub-
lished various kinds of materials [3] - [6]. However, the 
proposed technologies were not applied widely in logging 
industry. The low quality, low demand and relatively high 
cost of the products received from waste recycling are the 
main reasons for the lack of attention to the waste pro-

cessing of timber and wood- processing industry [7]. To 
address these shortcomings a number of activities, includ-
ing the improvement of technological processes of cutting, 
transportation and recycling of wood biomass, has been 
proposed [8], [9]. Most proposed technological processes 
of timber recycling of are based on the production of fuel 
chips. Using this raw material it is possible to produce var-
ious chemical products and pulp and paper products [10] 
– [12]. However, different chemical composition, geomet-
ric characteristics and other parameters of felling residues 
of different species and types make the production of 
valuable commercial products impossible without sorting.
The wood should be sorted for more efficient use of wood 
residuals [13].

THEORY AND EXPERIMENTAL

The aim of the research is the modelling of the process 
of operation of machines for sorting and transportation of 
logging residues at the cutting area. The following tasks 
were set therefore: to describe the process of collecting, 
sorting and transporting of felling residues from the place 
of felling and cross cutting to the loading point, make infor-
mation and logical model of operation of the machine and 
derive the formula of the performance depending on the 
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parameters of the subject of work for further optimization 
of the production process that involved operation of the 
machine.
The most common current technology of logging is the 
assortment with the use of harvesters and forwarders [14], 
[15]. Operation of harvester includes felling, limbing, cross 
cutting, sorting of received logs and bundling. Sorting of 
assortments is carried out according to criteria of commer-
cial products that are to be derived. The harvester deter-
mines the geometric characteristics (length, diameter) of 
the assortments and they are indicated on the computer 
monitor of the machine. The operator visually assesses 
species and defects. Comparing the characteristics of 
the assortment obtained to the criteria for commercial 
products, the operator determines the type of product ob-
tained. After cross cutting, assortments are stacked sepa-
rately in different bundles. Felling residues shall be placed 
on or near the skid road without further processing. The 
forwarder collects sorted wood, stacks it on a loading plat-
form using a hydraulic manipulator and transports it to a 

loading point, where it unloads the wood into a pile [16].
When harvesting wood with a complex of machines con-
sisting of a harvester and a forwarder, the logging resi-
dues are located on a skid road in small heaps.  In most 
cases, they are left on a skid road for further decay or 
burned in a fireproof period. It is proposed to use a sorting 
transportation machine made on the basis of a forwarder 
for its collection and sorting of logging residues. The tech-
nological scheme of logging operations proposed by the 
author is shown in Figure 1.
The harvester cuts tree, cuts branches and cuts it into 
assortments. Felling residues that are suitable for further 
processing are laid on the border of the skid road and 
swath in the process of limbing and cross cutting. Hav-
ing collected commercial assortments, the forwarder re-
equips the body for the collection and sorting of logging 
residues (Fig. 2.). Logging residues (during collection) are 
being stored into different body compartments with the 
help of a manipulator depending on the further purpose, 
size, quality and species characteristics. 

Figure 1: The technological scheme of logging operations including collection, sorting and transportation of logging 
residues: 1 – the harvester, 2 – the forwarder, 3 - sorting and transportation machine for logging residues, 4 – the 
road train, 5 - assortments at the felling site, 6 - felling residues at the felling site, 7 - the pile of assortments at the 

loading point, 8 - sorted felling residues at the loading point, 9 – the woodchipper

For transportation of logging residues, the forwarder that 
is used for major works is equipped with a removable 
body that is fixed on the pillars of the cargo compart-
ment. The transverse walls divide the body into com-
partments. The longitudinal, transverse sides are made 
of cellular metal to reduce the weight of the removable 
body, chipping of bark, needles and ash.
The manipulator is to be equipped with shearing head 
for cutting wood according to type (tops, large and small 
limbs, branches and green mass). This operation is pos-
sible when forwarder loads the branches into a compart-
ment. The shearing heads of this type have the blade 
(guillotine) as cutting devices. With its help the branches 
are cut into pieces according to purpose.Figure 2: Removable body of sorting  

and transportation machine
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Logging residues that are sorted according to species 
and types are stacked in separate piles for further pro-
cessing at the loading point or they are loaded into a 
road train for transportation to the terminal (timber ware-
house) or to the consumer [17].
When the felling residues are at the loading point and 
they are shipped to the terminal or the consumer, the 
above removable body and a shearing head may be 
mounted on the road train. 

RESULTS 

The information and logical model [18] of the sorting and 
transportation machine (Fig. 3) with the indication of the 
components of the cycle time TC was developed for mod-
eling of the technological process. The cycle is a set of 
operations necessary for sorting, collection, transporta-
tion and unloading of logging residues.
Before departure operator identifies and mounts the re-

Figure 3: Information-logical model of the process of collection, sorting and transportation of felling residues
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quired number of compartments. Each compartment is 
conditionally set for certain species and types of logging 
residues. The operator points the cutting grab bucket 
on logging residues while going along the skid road of 
a logging area at each stop. The operator of the sort-
ing and transportation machine shall visually determine 
the species and type of logging residues and their parts: 
long butt, tops, limbs, branches and green mass. After-
wards, the tops, limbs and branches of logging residues 
shall be cut by the cutting grab bucket according to the 
diameter dimensions depending on what is available in 
logging residues: tops, large branches, small branches, 
twigs, green mass. 
The logging residues that are processed and sorted by 
types and sizes shall be taken to separate compartments 
of the body. When filling compartments of the body the 
sorted logging residuals shall be delivered to the loading 
point of the logging area and placed in separate piles. 
On the basis of information and logical models of com-
ponents and cycle time, the formula for calculating the 
performance shall be determined. Designations of the 
components of the cycle time (TC) in the information and 
logical model: t1 is a period of time, during which the ma-
chine moves to heaps of logging residues, sec;  t2 is a 
period of time for determination of species and type of 
logging residues in a heap, sec; t3 is a period of time for 
pointing of a manipulator to logging residues, sec;  t4 is 
a period of time for capture of logging residues with a 
cutting grab bucket, sec;  t5 is a period of cutting of resid-
uals with a cutting grab bucket, sec; t6 is period of time 
for movement of the grab bucket with logging residues 
and loading into the body compartment, sec; t7 is time for 
transportation of logging residues to a loading point, sec; 
t8 is period of time for unloading of logging residues, sec.
Performance per shift, Ps of sorting and transportation of 
logging residuals by sorting and transportation machine 
is calculated according to the formula:

where T is the shift time, sec;
tfp is the final preparatory time, sec;
φ is the labor utilization coefficient;
Vк is the volume of the body of the sorting and transpor-
tation machine, m3.
The components of cycle time are summarized in the for-
mula for determining productivity. At the same time, the 
indicators t3, t4, and t6  are multiplied by the number of 
techniques for loading of logging residues to fill the entire 
body, which is equal to the ratio of the volume of a body 
to the average volume of logging residues loaded per 
one time. The time taken to cut the logging residues (t5) 
is multiplied by the average number of cuts when filling 
the body of a truck. The number of cuts depends on the 
type and number of harvested logging residues and on 
the diameter and length of the knots and tops.

where v is the average volume of felling residues to be 
loaded per one time, m3;
n is the average number of cuts of felling residues during 
loading, pcs.
The main factors that affect the performance of sorting 
and transportation of felling residues at a cutting area are 
qualitative indicators of raw materials and qualification  
of operator.

DISCUSSION

The proposed technology and equipment will allow to 
sort felling residues for more efficient use. According to 
the authors, the proposed technical solution will be har-
moniously introduced in the existing logging technologi-
cal process. The proposed information and logical model 
and the calculation formula for performance will allow to 
plan the operation of machine with the greatest efficien-
cy. 
The results of these studies are necessary for improve-
ment of technological processes of recycling  of felling 
residues.

CONCLUSION

According to the results of the studies, several conclu-
sions could be drawn up.
1. Logging residues are to be sorted according to spe-

cies and types for efficient use.
2. Collecting and sorting of felling residues during the 

assortment logging should be carried out in the sort-
ing and transportation machine on the basis of the 
forwarder that is used for main works.

3. Operation of sorting and transportation machine can 
be analyzed by sequential information logical and 
mathematical modeling. 

4. The formula for calculation of the capacity of collec-
tion, sorting and transportation of logging residues 
that are suitable for practical use was obtained.
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