[
NN

iipp

“ Original Scientific Paper

doi:10.5937/jaes15-13713

STUDY OF PARAMETERS OF ELEMENTS OF A
FELLING HEAD FOR LIFTING AND MOVING TREES
FOR THE PURPOSE OF CLEARING AGRICULTURAL
LANDS AND AGROFORESTRY

Denis Mihailovich Lastochkin*

Volga State University of Technology, Russian Federation
Evgeny Mihailovich Onuchin

Volga State University of Technology, Russian Federation
Andrey Andreevich Medyakov

Volga State University of Technology, Russian Federation
Denis Viadimirovich Kostromin

Volga State University of Technology, Russian Federation

Aleksey Petrovich Ostashenkov
Volga State University of Technology, Russian Federation

Paper number: 15(2017)3, 438, 247 - 257

The purpose of this article is the theoretical justification of parameters of the felling head elements
and experimental studies of its the work technique on the basis of the tractor of the drawbar category
0.6-1.4. The essence of theoretical study is to determine parameters of the mounted felling head for
cutting and vertical holding of a tree of a diameter of 10 to 22 cm, taking into account the optimal
working zone of the tilt mechanism. Experimental study was carried out on a prototype of a one-grip
felling machine (OGFM) (based on the T-25 tractor) with the mounted felling head. In the process
of carrying out field studies, technological performance parameters of the OGFM for low-capacity
logging and the pressure in the hydraulic system of the felling head were studied under various op-

erating conditions.
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INTRODUCTION

Russia has the world’s largest forest resources
and a huge potential in the field of forest bioener-
getics. The development of bioenergetics helps
create jobsites, improve the environmental situ-
ation, and reduce the dependence of individual
regions on fossil energy sources.

During the development of the bioenergetics in-
dustry, the need for additional sources of wood raw
materials will increase. Wood obtained from recul-
tivation of old agricultural lands can be considered
as one of these sources of raw materials.

Biofuel development of old agricultural lands will
allow farmers to ensure the recultivation of old
fields and provide additional income.

Overgrown agricultural lands have heterogene-

ity in the rock composition, in the density of over-
growth and the volume of trees. This significantly
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distinguishes them from fast-growing plantations,
which affects the way biomass is harvested.

Great interest in the field of bioenergetics is rep-
resented by foreign experience, first of all in the
Scandinavian countries, where the production of
energy from wood nowadays plays an important
role in the life of society. But it should be taken
into account that the differences in the produc-
tion and economic conditions do not allow using
the accumulated experience of foreign countries
in the field of forest bioenergetics directly in Rus-
sia, without appropriate adaptation [07, 16].

Existing methods of harvesting small-sized trees
based on machine methods of work can be car-
ried out using manipulators and machines us-
ing rear and frontal attached rig of a tractor. The
obtained experience of using small-sized felling
machines of the front type in the development of
the forest fund is insufficient. Therefore, taking
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into account the specifics and operating condi-
tions of such machines associated with the pos-
sibility of moving cut trees in a vertical position
under the canopy of the forest, it is important to
conduct studies to evaluate the productivity of a
small-sized felling machine.

ANALYSIS OF THE BIOENERGY POTENTIAL

According to the data of the state statistical re-
porting [17] of January 1, 2015, the area of the
land fund of the Russian Federation was 1709.9
million hectares, the largest categories of which
were forest lands with an area of 1,122.6 mil-
lion hectares (65,7%) and lands for agricultural
purposes with an area of 385.5 million hectares
(22.5%). The total area of agricultural lands in
the area of lands for agricultural purposes was
196.2 million hectares (50.9%). Agricultural lands
include arable lands, hayfields, pastures, lands
occupied by perennial plantations (orchards,
vineyards and other perennial crops), and old
field.

Economic and social reforms of the 1990s led to
a sharp reduction in collective and state farms.
This led to the fact that many agricultural lands
were transferred into the old fields and not farmed
(because of the reduction of arable lands and
the reduction in the number of livestock) [09].
The percentage of old fields in Russia’s agricul-
tural lands is 2.2% or 4.9 million hectares [17].
The long unclaimedness of the old fields leads
to the fact that in 20-25 years they begin to grow
shrubs, and young growth is formed on the bor-
dering with woodland lots [02]. When reclaiming
old agricultural lands, it is necessary to clear sig-
nificant areas not only from bushes but also from
young trees whose diameter reaches 22 cm [02].
Thus, the use of young trees and shrubs grown
on old lands as an energy biomass is of great
practical and economic importance.

If the biomass in the form of wood chips is taken
as the final product of the harvest of small-sized
trees, short rotation coppices (SRC) are analo-
gous to overgrown agricultural lands with thin-
sized trees. In many European countries, the
cultivation of SRC is a widespread agricultural
practice [16]. Despite 30 years of experience in
the practical use of artificial bioenergetic planta-
tions in European countries, there is no knowl-
edge of harvesting small-sized timber grown on
old farm lands. Machines and mechanisms used
in logging in fast-growing forest plantations can
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not be fully used without adaptation in naturally
grown agricultural lands. This is due to the het-
erogeneity of tree growth in density and volume.
Machines used in conventional tree harvesting
technologies have large capacities and capabili-
ties that can not be fully used when working in
low-volume forest areas [10].

ANALYSIS OF HARVESTING EQUIPMENT

Since the estimated diameter of the harvesting
trees is up to 22 cm, conventional technologies
and machines used for harvesting bioenergetic
wood can not be used in full [06]. In this case,
it is necessary to consider classical logging ma-
chines and their technologies.

The existing technologies for harvesting trees for
their subsequent grinding can be divided into 2
groups:
1) Tree-length logging. Trees are harvested in
the form of tree-length material and skidded
to the site of bucking and grinding.

2) Assortment logging. The trees are processed
on the site in order to be sorted and taken to
the stationary grinding station.

Each of the technologies for harvesting and pro-
cessing small-sized trees has been repeatedly
studied and there are a sufficient number of pub-
lications [01, 04, 08, 10, 12, 13, 15, 18]. In exist-
ing works, the advantages and disadvantages,
costs and performance of existing machines
and technologies were analyzed. Analysis of the
technological chain of accelerated forest grow-
ing and subsequent harvesting and processing
shows that the costs of harvesting equipment
remain the most significant impediment in the
general cycle of logging of thin-wood to obtain
energy biomass.

Analysis of existing harvesting machines and
shredders shows that they have a weight of 11 to
14 tons, and the combine for cutting bushes and
subsequent grinding on average weighs 15 tons
[06]. These machines are effective when work-
ing on the area of more than 300 hectares [11].

Another group of equipment and technologies
is based on the use of agricultural tractors up
with additional equipment on the front or rear
hinge [05]. Most of the known shredding equip-
ment work with fallen trees. Worthy of attention
equipment are those for simultaneous cutting
and chopping of trees directly on the felling area
[03, 20, 21]. But there are also small-sized fell-
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chines with an attached harvester head or felling
head [14]. The problem of a mounted unit is that
the more complex the unit is the more moving
parts it has. Thus as for logging machines, the
movement of all their mechanisms is provided
by various hydraulic motors and hydraulic cyl-
inders, which in combination with the hydraulic
pumps, hydraulic tank, and hydraulic lines in-
creases the mass of additional equipment from
1 to 4 tons. Analyzing the existing solutions we
can conclude that there are some limitations for
harvesting machines connected with the thick-
ness of the cut plant of 6 cm, which greatly limits
the range of use of such machines.

Based on the analysis of existing equipment for
harvesting bioenergetics wood, the following
conclusions can be drawn:

* High cost of harvesting on the lands of
the European part;

* There are no universal harvesting ma-
chines suitable for all types and sizes of
the forest stand and operating under dif-
ferent conditions.

MATERIALS AND METHODS
The mounted felling head development

Due to the insufficient technical development of
machines and equipment for harvesting small-
sized trees in the reclamation of old agricultural
lands, the experimental design project was initi-
ated at the Volga State University of Technology,
Yoshkar-Ola, Russia. The project included the
development and designing of a mobile mounted
felling head for lifting and moving trees with a
diameter of 10 to 22 cm.

The developed felling head has a weight of 300
kg and is mounted on the rear three-point hitch
of a tractor of the drawbar category of 0.6 — 1.4
[19]. The height of the felling head from the cir-
cular saw to the upper seat is 1 m. The length
of the jib to the cardan joint is 0.7 m. The basic
length of the hydraulic cylinders of the tilt mech-
anism is 0.55 m with the working stroke of the
piston of 0.4 m.

Mounting of the felling head took place without
making changes to the design of the tractor. Also,
to ensure the technology of transportation of the
vertical tree from the canopy of the forest, it was
ensure to securely clamp and hold the cut tree.

The following requirements were laid down in the
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basis of the technical assignment for the design
of the felling head:

» Reliable and simple construction;

+ Effective cutting of trees of different diam-
eters;

* Reliable holding of one tree while the tractor
is moving.
The basic design of the developed felling head is
presented in Figure 1.

For implementation the simple and reliable de-
sign, the number of moving parts has been re-
duced. The main moving elements were the cir-
cular saw blade (disk saw), the wood clamping
lever and the felling head tilt mechanism.

The operation of the OGFM is as follows. The
operator selects the marked tree and directs
the felling head on it. The machine moves and
deeps the rotating circular saw into the trunk of
the tree (cutting the tree). The clamping lever
presses the tree against the beam and breaks
it away from the stump. The bottom of the tree
rests on the footing. After that the felling head
with the tree rises in the transportation position
and the machine takes the vertical tree to the
place of packing.

In the process of performing technological oper-
ations, the loading of the hydraulic system of the
tilt mechanism of the felling head is of particular
interest.

/ ;

Tilt G Ball joint
.h. 1< ) "

T Hydraulic cylinder

Clamping lever

Hydraulic motor -
Driving

o direction
Disc saw

Figure 1: Design of a felling head for lifting and
moving trees
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THEORETICAL STUDIES OF THE STRUCTURE
OF THE TILT MECHANISM

A worthy of attention unit of the proposed design
of the felling head is a tilt mechanism consist-
ing of two hydraulic cylinders whose rods are
brought together on a felling head beam, and the
ends of the cylinders are apart on a sub frame.
This arrangement of the hydraulic cylinders al-
lows the felling head to be deflected both in the
longitudinal and transverse planes with the mini-
mum overall dimensions of the tilt mechanism.

The main operational characteristic of the tilt
mechanism is its zone of action. The zone of ac-
tion of the tilt mechanism is part of the working
volume, in which the lower point (Mn) of the fell-
ing head moves relative to the upper point (O)
of the suspension. The contour of the zone of
action and its area (volume) are completely de-
termined by the kinematic parameters of the tilt
mechanism, such as the main kinematic chain
(the number of movable elements and the ways
of their coupling), and also by the magnitude and
the ratio of the length of its elements, the set-
ting angles between them and the angles of their
relative rotation.

To construct the working zone of the tilt mecha-
nism of the felling head, its design model was
proposed (Figure 2).

Figure 2: The design model of the tilt mechanism
of the felling head and working zone of action of
the tilt mechanism
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The following assumptions and notations were
adopted: the length of both hydraulic cylinders
and the stroke of the rod are the same; l0 is the
minimum length of hydraulic cylinder (when
the rod is retracted); Al is the stroke of the rod;
IO+A/maX is the maximum length of the cylinder
(when the rod is extended); a is the angle of de-
flection of the felling head beam in the longitudi-
nal plane (Oyz); B is the angle of deflection of the
felling head beam in the transverse plane(Oxz);
M, is the driven point of the felling head pillar.

The coupling equations of the two-rod structure
with the driven link in the generalized coordinate
system Oxyz have the following form:

3
D x—a)=r 0
j=1

Where, a, is the j-th coordinate of the attachment
point on the base of the i-th cylinder; ris the cur-
rent value of the cylinder length; x. is the required
coordinates of the “vertex” of the point of attach-
ment of the hydraulic cylinders; i=j=1; 2.

For an asymmetric mechanism, taking into ac-
count the notations in Figure 2, the coupling
equation has the following form:

X +y +z=h;

(x+1) +(y—a,) +(z+h) =(l,+AL)

(x+1) +(v+a,) +(z+h) =, +AL)
2)

The result of solving this unconventional sys-
tem of equations (generalized coordinates of the
mechanism) will, in essence, be the equations of
motion of the driven point of the tilt mechanism
as a function of the current values of the length
of the hydraulic cylinders.

In any geometric values of the tilt mechanism, the
action zone is formed when the point Mn moves
inside the zone M2-M4-M3-M5. At point M1, the
felling head beam is in the vertical position along
the OZ axis. Points M2 ... M5 denote the final
position of the point Mn when the length of the
hydraulic cylinders changes from the minimum
length (/,) to the maximum length (/, + Al).

The combination of the extreme values of the
length of the hydraulic cylinders and the corre-
sponding positions of the felling head and the
point Mn are shown in Table 1.
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Table 1: Combination of extreme values of the length of the hydraulic cylinders and the corresponding

positions of the mechanism

Length O.f hydraulic Position of the head beam Direction Extrgme Angle a Angle 8
cylinder of axes point
Initial position of the B B
/1= I2 - I0+ Almiﬂ mechanism 0z M1 a=0 p=0
The extreme ‘backward’ Zposition
l=1,=1, (the rods of all hydraulic cylinders -Oy M, a=-a_ B=0
are retracted)
The extreme ‘forward’ position
I=1,=1+A (the rods of all hydraulic Oy M, a=a_ p=0
cylinders are extended)
= Iy 1 = 1A oy Limit turn on the horizon Ox M, =-0=0 B=8,,.,
. = left or right . = '~ _
l1_ /0’ l2 B /0+Almax ( d ) Ox M5 a=-a*=0 'B_ _-'Bmax

plane Oyz, which corresponds to the synchro-
nous use of the lengths [, and |,, the coverage
area is characterized by the area of flat forma-
tion with the vertices (extreme points) M,..M,.
If the length of the hydraulic cylinders is /1 # 12,
then the felling head beam is deployed both in
the longitudinal and transverse planes. It is very
important that the transition to M, and M5 is ac-
companied not only by turning the beam in the
transverse plane to fmax, but also by moving
the vertex Mn in the longitudinal plane Oxz (Fig-
ure 2).

EXPERIMENTAL STUDIES OF THE DESIGN
OF THE TILT MECHANISM

Experimental studies of loading of the tilt mecha-
nism were carried out by holding and tilting the
sample tree with a felling head.

For the experiments, we chose a sample tree
(Pinus sylvestris L.) with a maximum diameter at
the cut point of 22 cm and a height of 12 meters.
The main tasks of the experimental study of the
hydraulic system of the tilt mechanism of the fell-
ing head are the following:

1) Checking the operability and stiffness of the
proposed design, its adjustment and addi-
tional checking.

2) Checking reliability of operation and suf-
ficiency of mobility (degrees of freedom of
hinged joints);

3) Study of the principles of independent con-
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trol of parallel working hydraulic cylinders;

4) Determination of the basic parameters of
the work of the felling head by measuring
the pressure in the hydraulic cylinders of the
tilt mechanism;

5) Study of the dynamism and stability of the
system in transient regimes;

6) Development of recommendations for
further improvement of the structural solu-
tions of the support and hydraulic control
elements.

During the experiment, we measured the pres-
sure in the cavities of the hydraulic cylinders. The
pressure was measured in such a way as to eval-
uate the kinematic capabilities of the tilt mecha-
nism. The pressure in the cavities of hydraulic
cylinders characterizes mainly the dynamism of
the system and, in particular, the presence or ab-
sence of unsteady operating regimes.

The measuring equipment consisted of a mul-
tichannel light-beam oscillograph and a strain-
gage amplifier placed in the tractor’s cabin. As
sensors of pressure, we used sensors MD-180
(220) which are based on the principle of rheostat
transformation i.e. the slider rheostat is actuated
by membrane, the intensity of which is directly
proportional to the pressure in the chamber of
the hydraulic cylinder.

In the course of experimental study, in addition to
testing the performance of the felling head and
its elements, the activation of hydraulic cylinders
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- for recording the parameters - was performed
in such a way as to satisfy the following condi-
tions: one or two cylinders were simultaneously in
operation, and the kinematic capabilities and in-
creased dynamism of the system were detected.

RESULTS AND DISCUSSION

Results of the theoretical study of the design
of the tilt mechanism

A study of the design of the tilt mechanism includ-
ed the varying of the length of the jib, b, (Figure
2) of the felling head and the divergence of the
fixing points of the hydraulic cylinders, a, on the
prism, and the selection of their optimum values,
for which the zone of action of the tilt mechanism
had the optimal shape without eversion.

The construction of the working zone of the tilt
mechanism was carried out taking into account
the kinematic analysis according to formulas 1
and 2.

To study the design of the tilt mechanism, a
working zone was built, which was part of the
sphere (Figure 2) truncated at the points M, ...
M,. The lower part of the beam (point Mn) can
move along the surface of this sphere within the
segments M,-M ,-M,-M_. For the convenience
of analyzing the shape of the working zone of
the tilt mechanism, it was projected onto the Oxy
plane and represented as a circle with elongated
parts along the Ox and Oy axes. In this case, the
radius of the inscribed circle should be taken as
the parameter for analyzing the optimal shape of
the working area.

The final results of the construction of the zone
of action of the tilt mechanism in the form of a
symmetrical half along the Oy axis are shown in
Figure 3. The variable values are a and b, the
constant values of parameters are ¢ = 600 mm, h
=700 mm, / =550 mm, Al =400 mm (Figure 2).
The maximum inscribed circle of the working
zone of action of the tilt mechanism in the the-
oretical calculations was R = 102 cm, but the
optimal working zone is shown in Figure 3, c.
With such dimensions of the working zone, the
working tilt angles of the felling head will be as
follows: ‘backward’ - 14 °, ‘forward’ - 22 °, “side-
ward” - 38 °.
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Figure 3: The working zone of the tilt mechanism
(symmetrical half in the projection) and the variable
values of construction

The results of an experimental study of the
design of the tilt mechanism

As a result of studying the drive mechanism, it
was found that the combined turn of the pillar
of the felling head in the horizontal and verti-
cal planes is more strained. The separate work
of the hydraulic cylinders of the tilt mechanism
causes the turn of the pillar of the felling head
and is accompanied by its lifting and lowering.
When one or two hydraulic cylinders of the tilt
mechanism operate, certain dynamism of the
system becomes apparent. In particular, when
the beam is turned and lowered due to the exten-
sion of the rod of the hydraulic cylinder from the
initial position (the movement of the felling head
“forward”), when the rod of the second rotary cyl-
inder is extended, the working fluid is pumped
into the piston chamber, in which the pressure
Pp intensively increases (Figure 4, a).

In this work cycle, certain rise of pressure were
registered in both cavities of the hydraulic cylin-
der, and the change in the general coordinate 3
- the turning angle of the beam in the horizontal
plane - is accompanied by vibration (with a sta-
ble change of another coordinate — the vertical
angle a of the base rotation — in the range of 22
°). This feature, but to a lesser extent, also takes
place in the case of the turn, lifting of the base
due to the supply of liquid to the piston chamber
of the hydraulic cylinder (the movement of the
felling head “backward”), the turning angle of the
base a is in the range of 14 ° (Figure 4, b).
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Figure 4: Changing the pressure and the turning angles of the beam when the hydraulic cylinder works:
the movement of the extreme lateral position: a - from the extreme lateral position forward and b - from the
extreme lateral position backward

The most significant conclusion, which follows
from the evolution of the base in space, is that
the angle B of the horizontal rotation of the base
is = 38 °. The conclusion from this mode of work
is the following: the stable turn of the beam is
experimentally varified — without structural limi-
tations and dynamic “perturbations” — through
an angle a “backward” - 14 °, “forward” - 22 °,
through an angle B = + 38 ° (total is 76 °), which
was predicted in the analytic study of the mecha-
nism. Figure 4 shows the change of the pressure
and the turning angle of the pillar during the op-
eration of the hydraulic cylinder.

The change in the generalized coordinate @ is
characterized by some vibrational processes.
This is more in relief when working simultane-
ously with two hydraulic cylinders of the drive
mechanism (Figure 5). Although the change in
the generalized coordinate a both in the motion
of the beam with a tree “forward” (a) and “back-
ward” (b) is basically stable, the pressure in both
cavities of the cylinders at a wide angle is char-
acterized by instability.
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Figure 5: Changing the pressure of the longitudinal angle when the felling head deviates “forward” and “backward”
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In our opinion, this is due to the fact that in the
hydraulic cylinders of rotation when the work-
ing fluid is supplied to the piston (unloaded)
chamber, a certain dynamic flow of the fluid ap-
pears and takes place in combination with the
kinematics of the drive mechanism. This is con-
firmed by the more stable state of the hydraulic
system when it tilts forward (Figure 5, b), since
in this cycle of operation the presence of the ini-
tial pressure and the supply of the working fluid
are concentrated in one piston chamber of the
hydraulic cylinders.

Considering all the modes of beam turn (Fig-
ure 4 and Figure 5), we can conclude that the
value of Bmax + 38 ° is excessive; the presence
of certain instability in the rotation of the beam
and the indicated kinematics feature of the drive
mechanism. Each angle of stable horizontal
rotation of the system Bmax is recommended
to be limited to 25 ° necessary for more stable
control of the machine with lateral pitch.

Checking the original elements, devices and
hydraulic system in the different modes as a
whole indicated the following:

1) The cardan joint on the top of the beam
worked stably, without jamming, did not
have unregulated positions and backlashes,
did not lead to jerks and bumps;

2) The shut-off and switchgears functioned
clearly and stably;

3) Separate mount of rods of the hydraulic cyl-
inders of rotation is irrational, it is advisable
to ensure the attachment of these rods with
each other geometrically at one point;

4) The valve-throttling shut-off devices, which
eliminate pressure jumps in the hydraulic
system when switching on and off, contrib-
ute to a radical reduction of dynamic loads;

5) To ensure a smooth start, movement and
braking of the pins of hydraulic cylinders, to
smooth the pressure rise, it is recommend-
ed to use hydraulic accumulators in the hy-
draulic system of the tractor.

FIELD TESTS RESULTS

Field tests were conducted on old fields at the
border with the felling area of the Medvedevsky
district of the Republic of Mari El (Russia). Har-
vesting was performed only with trees of a cut
diameter of no more than 22 cm (Figure 6).
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Figure 6: Operation of the OGFM

The operation sequence of the OGFM is as fol-
lows. The operator selects the marked tree and
directs the felling head to it. After turning the
circular saw on, the tree is cut off followed by
the action of the clamping lever. The cut tree in
the place of the saw cut is supported by a base
plate. Then the felling head with the tree rises in
the transport position and the machine takes the
tree to the place of stacking.

As a result of field tests, photo-timing observa-
tions, it was found that the average cycle time of
a single tree harvesting with an average trans-
portation distance of 60 m was within 145-153
s. For directing the felling head and tree cutting,
it was consumed from 4.5 to 11.6% of the total
cycle time, for transport operations - about 86%
of the total cycle time, and for stacking of trees
in the package — from 1.7 to 9.3% (Figure 7). At
the same time, the machine’s productivity was
1.47-2.39 m3/h.

According to the test results it was established
that the machine’s productivity is determined by
such factors as the distance of the tree trans-
portation, the speed of the machine, the volume
of the tree, which determine the duration of the
working cycle.

A comparative analysis of the cycle time con-
sumption is performed depending on the dis-
tance of the tree transportation with the OGFM.
In comparison, the most similar machine Lokomo
Makeri 34T with known production values of the
work [14] participated. But since the results of
the compared machine were known only in the
logging operations of cleaning cutting, the values
of cleaning cutting at the same characteristics of
the plantations were also used in the designed
machine.
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® Directing of the felling
head and tree cutting

® Transport operations

Stacking of trees in the
package

Figure 7: The average cycle time of a single tree harvesting with an average transportation distance of 60 m

It was found that the time consumption with the
transportation distance of L=20 m by the Loko-
mo Makeri 34T machine was less than by the
proposed felling machine. With the transporta-
tion distance of L = 60 m, the cycle time of the
OGFM was 16% larger than the Lokomo Mak-
eri 34T. This is due to the fact that the contour
area of Lokomo Makeri 34T is 33% less than
that of the OGFM and it maneuvers under the
canopy of the forest more easily despite the fact
that the range of the speeds are higher for the
OGFM. However, despite a slightly shorter cycle
time, the heaviness of Lokomo Makeri 34T has a
negative effect on the efficiency of its use in low-
volume operations.

Analysis of the results shows that with an in-
crease in the transportation distance up to 80
m, the productivity is reduced by 26% compared
to L = 60 m. With an increase in the operating
speeds of up to 5-6 km/h at L = 80 m, compared
to L = 60 m and speeds of 3-4 km/h, the produc-
tivity increases by 30%.

In selective felling, an effective OGFM will be
provided with the obligatory availability of a net-
work of technological corridors with a distance
between them of 40-60 m. Such organization
of harvesting will ensure the use of increased
speeds (up to 10 km/h) of traffic along the tech-
nological corridor.

The impact of the chassis of the OGFM on the
surface of the technological corridor was char-
acterized by the formation in some places of rut
8-10 cm in depth. It was found that machines of
this type were able to process up to 85-92% of
trees planned for felling at a forest stand density
of up to 2-2.5 thousand per hectare. In addition
to selective cleaning cutting, reclamation of over-
grown fields, the OGFM are suitable for harvest-
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ing burnt timber, laying trails under power lines
and roads, and developing felling areas with a
multistoried stand.

As a result of the conducted study we can con-
clude the following:

* When the machine is moving with a tree, the
tree trunk deviates by a value of 0.035-0.06
m and the corresponding reactive moment
unloading the front axle of the machine by
2.9-5.1 kN depending on the intensity of the
start and the parameters of the tree takes
place;

» Study of the interaction of the transported tree
with the growing ones, showed that when the
OGFM with a tree was moving under the for-
est canopy, a counterweight installation was
required to maintain the stability margin;

» The behavior of the dynamical system under
consideration on the slope in the presence of
the entire complex of influencing factors has
shown that the operation of the machine on
the slopes of the terrain up to 10 ° is practi-
cally safe. On steeper slopes, it is advisable
to carry out measures to ensure the stability
of the machine.

CONCLUSION

Analysis of the current issue of small-sized trees
harvesting has shown that using the OGFM,
along with the manipulator type machines, al-
lows to mechanize the work on reclamation of
old agricultural lands, improve labor conditions,
and reduce the cost of logging, depending on the
specific production conditions. However, up to
the present time in the Russian practice there is
no experience on development and application
of such a type of machines, the working process
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of which is connected with the vertical displace-
ment of the subject of labor by the running of the
machine.

Study of OGFM on the basis of a wheeled tractor
of the drawbar category of 1.4 in the field con-
ditions has shown its efficiency under the exist-
ing technical processes of cleaning cutting and
small-sized trees harvesting.

When harvesting with an average tree transpor-
tation distance of 60 m, the productivity of the
proposed machine was 1.47 - 2.39 m3/h. The re-
serve for increasing the productivity of OGFM is
the use of a system for accumulation of several
trees in the felling head, shortening the working
cycle time, increasing the time of the main work,
and using rational technological methods spe-
cially developed for this machine.
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