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Green verdure of conifers having a rich reserve of biologically active substances such as essential oils, vitamins,
carotene, carbohydrates, trace elements, and proteins is a valuable raw material for wood-chemical production. The
technology for the manufacture of any kind of products from the fir-needles includes such operations as the collection
of green verdure, the separation of the fir-needles from the branches, and grinding of it. Currently about 3-4% of po-
tential fir-needles resources are used which is due to the lack of processing technologies for this type of raw material
in the wood cutting area. An analysis of existing technologies for preparing and processing green verdure of conifers
has shown that they all involve the export of softwood knots and branches to the consumers of this type of raw ma-
terial, which entails not only transport losses, but also a reduction in the qualitative indicators of the fir-needles. The
most difficult and hard operation mechanization in the process of harvesting green verdure is the separation from
the woody parts of the branch. It basically determines the quality of the final product. Development of technology
for processing fir-needles in the cutting area requires the use of a new mobile unit. The design of the proposed unit
allows performing the operations of separating and grinding the green verdure of conifers, and further packaging of
the product while the unit itself is able to move around the territory of the cutting area. It will allow to make coniferous

semi-finished product of the required fractional composition and to preserve all the useful substances.
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INTRODUCTION

Green verdure of conifers (fir-needles) is a specific type
of forest raw materials. Living cells of fir-needles, young
shoots and bark predominate in the composition of it.
These plant cells contain proteins, carbohydrates, vi-
tamins, enzymes, yellow, and green pigments, sterols,
microelements, and other substances which are neces-
sary for the life of plants, animals, and humans. Green
verdure of conifers is used to make coniferous-vitamin
flour, chlorophyll-carotene paste, potions, concentrates,
etc. It is of great practical importance to adhere the stor-
age conditions to obtain high-quality products from the
fir-needles. The storage of fir-needles should assume
the safety of biologically active substances. The storage
period of green verdure of conifers in summer should not
exceed 1 day, in winter - 5 days. Longer storage leads
to a sharp decrease in the content of biologically active
substances [1]. That is why it is important to process
fir-needles in the places of its greatest accumulation.
That is directly on the cutting area or at loading point.
The factors that affect the safety of biologically active
substances in the fir-needles are air humidity, light, wind,
season, storage place, whether needles are separated
from branches.

With the current technologies in the process of logging
up to 65% of the total biomass of wood is used which
is the stem part. The remaining 35% is waste, 17% of
which is green verdure. For common pine with a diam-
eter of 40 centimeters the mass of green verdure from
the whole tree is 36 kilograms [2]. In most cases it is

*ale-mokhirev@yandex.ru

left in the cutting area, which is a loss in the production
of consumer goods. At present in the course of logging
coniferous trees and shrubs are fallen to the ground, and
the process of cutting branches with fir-needles takes
place. Industrial wood is taken away and the branches
are laid on the skidding, burned or left in place of logging
for rotting [3, 4]. Therefore, the development of innova-
tive technologies for integrated wood processing at the
logging stage is relevant [2, 5, 6].

The purpose of this work is to develop the technology of
harvesting and processing of green verdure of conifers
on the territory of the cutting area.

THEORY AND EXPERIMENTAL

To achieve the objectives of the study systematic and
comprehensive approachesare used. A complex of mod-
ern research methods as applied to scientific issues has
been used: numerical modeling, mathematical planning,
and statistical analysis.

Analysis of existing technologies has shown that the
separation of branches with fir-needles during felling to
the tree length stage can be performed with stationary
drum separators [7]; mobile green verdure separators
[8]. During thecut-to-length harvesters and processors
are used [9]. The technology of processing fir-nee-
dles includes stationary equipment in the territory of
wood-chemical enterprises in order to obtain biologically
active and chemical components [10-13].

Today in Russia there is an increasing interest in cut-
to-length method for logging. One of the main reasons
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for the development trend of cut-to-length method in
the world is the success of Scandinavian machine en-
gineers. They developed and introduced to the market
high-performance and reliable multi-operation machines
for the production of cut-to-length process in the cutting
area [9]. However, machines and technologies for pro-
cessing fir-needles in the cutting area canhardlybe found
on the market.

The proposed process of harvesting with the process-
ing of green verdure in a cutting area is based on the
process of felling to the full tree stage. It includes the
following operations: felling of trees - skidding of trees on
the upper landing - bucking of trees - loading of branches
into a mobile unit - assortment hauling.

The technological process of the mobile unit, when in-
stalled on the loading point, includes the following set of
operations: preparatory work - loading knots and branch-
es with fir-needles into the compartment of the conifer
foliage stripper—separation of needles - sieving of nee-
dles - grinding of needles - body loading estimation - un-
loading of the body - vacuum packaging - final works. A
worker performs loading of branches with needles man-
ually. The processed fir-needles are located in a 60 liter
unloading body, the coniferous semi-finished product is
packed in bags with a vacuum unit.

In this case, the felling is performed by a feller-buncher
then fallen trees are trilled to the upper storage with a
skidder. At the loading point the trees are bucked with
the help of a delimber-crosscutter, the branches develop
into heaps, and the assortments in stacks. Branches and
small trees are loaded into the receiving part of the mo-
bile unit, in the separation compartment the fir-needles
are separated from the branches and knots and then
crushed. Under the screen of a green verdure chipper
there is a package holder and a vacuum packaging ma-
chine. The mobile unit allows the operations of separat-
ing the needles from the branches, chopping the needles
and packing the crushed products on the territory of the
wood cutting area. In addition, this unit allows to chop-
green verdure without pre-drying which reduces the cost
of the final product.

The operational principle of the mobile unit is as follows:
the raw material in the form of branches and small-sized
trees is loaded butt end first into the receiving part of the
unit. After that, the mass is grabbed with finned rolling
presses that take it into the working area of the green
verdure separation unit.

Under the action of pins hinged on the drum shell the
fir-needles are separated from the branches. Upon fur-
ther movement the cleared branches are brought out,
and the fir-needles under the action of gravity are tak-
en to the cutting unit. The green verdure trapped in the
cutting zone is processed by a rotating rotor which cre-
ates an air flow to the walls of the working chamber and
is taken by knives in a circular motion. Moving in aero-
dynamic environment knives hit the particles with their
working surface and grind them. Grinded raw materials
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the dimensions of which are smaller than the size of the
cell sieve are removed from the cutting zone and through
a turning mechanism enter the packing bag, which is on
the scales. Scales are connected to the swivel mecha-
nism with the help of the lever. The swivel mechanism
determines which of the two bags will receive shredded
fir-needles. Through the neck of the bag a tape connect-
ed to a vacuum packing machine is passed. When the
bag is completely filled the turning mechanism turns, and
the filling of the second bag begins, at the same time
the vacuum bagging machine of the first bag pulls in the
tape, evacuates the air and seals the bag. The received
bags are transported to the upper landing from where
they are sent to the consumer.

Figure 1 shows the process flow diagram of the unit op-
eration at the terminal of loading.

Figure 1: The process flow diagram of the
unit operation

1 — vehicle with the fir-needle processing unit;

2 — proceeded branches (without needles ); 3 - logging
road; 4 — block; 5 — bags filled with fir-needle powder;

6 — vehicle for transportation bags filled with fir-needle
powder; 7 — branches; 8 — logger road

The operation of shredding green verdure can be per-
formed on a plot, on a loading platform near a logging
road, in a transshipment terminal, or on the territory of a
consumer enterprise [1].

Consider the work of a mobile unit at the loading point.
Loading of branches with fir-needles is performed manu-
ally by the worker. Proceeded fir-needles are loaded into
the 60 liters body.

For a visual review of the operations an information-logi-
cal model of the technological process [14] of the mobile
unit was created (Fig. 2).

On the basis of the information-logical model a mathe-
matical model of a mobile unit has been created (Fig.
3). The rectangles show the execution time of the main
operations, the quadrangles indicate the transition of the
state of one operation to another at (ti= ti-1); the number
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Figure 2: Information-logical model of the mobile unit process

of branches with fir-needles (n1); the maximum possible
number of branches for loading (n2); the number of un-
loaded logging residues (n3); amount of logging residues
loaded (n4); time to complete the main operations (n5)

((([53 + Ly bbb ) me

(1)
t5+t?+t9)-nm) -nq)+t1+t13+
L= Tm
492

We need to make a formula for determining the perfor-
mance of the unit. First, let usmake a formula for deter-
mining the cycle of the unit using a mathematical model

Let us designate the cycle of operations for loading and
unloading the body of a mobile unit (t,+t, +t +t.  )as
T,. The cycle of operations of the unit work (t,+t,+t,) is
designated as T,. The cycle of preparatory - final work
(t,+t, +t,0) is designated as T,.

Journal of Applied Engineering Science Vol. 17, No. 4, 2019
ISSN 1451-4117



Aleksandr Mokhirev, et al. - Technology of processing of green

verdure of conifers in the wood cutting area

L
Start - 1.4
No
Ko
Tt aYes ftazs
L
| 8 P Yeg B 9.
&
15t {4 Yes 4.t 1y
o
v
16 m=fy Yes g 17. T £
Faush 4

o

Y
-
lygzy Yer — it ™ -
- Neo
Ne
¥
i 4 — Yey 452t
b No
I PR Yes — 8 10ty
Y ¥
131y - Yex Ilmen
-
No
Y
13t L 19 tm2ty
Tex
v
L2 L] 20t
!
Na

Figure 3: Mathematical model of the technological process of harvesting and processing green verdure of conifers

Then the formula will look like
(((Ty Mgt T 1) My + Ty = T,

(((Tl ~Tgem+ F3)- ncp) Ny = Ty — T3
((Tl "Ngem * ncp-l_ TZ ) ncp) ny = TCM - T3

Ty Ngem N -ny+ T ng n, =1, —T;
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Where n__is the average number of branches per load-
ing, pcs; n_ - the average number of branches per work
cycle, pcs; n, - the average number of cycles per shift,
times.

The left side of the equation (nEeT-ncp-nu)is equal to the
number of branches with fir-needles processed per shift,
N pcs.

cplem’

Output per shift formula of the mobile unit will be

Moy = Vr:p Q- Ncp/cm (9)

Where Vcp- the average number of fir-needles on one
branch, m3; ¢ - coefficient of working time used, 0.8.

To assess the factors affecting the output per shift of the
unit the time ranges of each operation are determined
(Table 1). The number of branches of Siberian pine to the
diameter outside bark for the IV height category varies
from 10 to 18%. The average and maximum sizes of the
branches when the volume of stem (in the bark)m® are
2.5 cm, with the volume of 0.76 m? the diameter of the
branches is 4.3 cm [1].

According to the formulas 1-9 and the minimum and
maximum values of the performing time of the operation
of the technological cycle of the unit (Table 1), the de-

Table 1: The duration ranges of each operationconifers

Operation Time range, Influencing factors
sec

t, 1200 - 2000 | The level of fuel, the
state of the spokes,
knives

t, 10-20 Weather conditions,
branch length, distance
in the working area

t, 3-8 The diameter of the
branches, humidity,
condition of the drum
spokes

t, 1-3 Humidity,bulk specific
gravity

t, 180 - 240 Condition of knives,
humidity, needles size

t, 1-2 Weather conditions,
season conditions

t, 5-10 Weather conditions,
package position

t 1-2 Weather conditions,
season conditions

te 360-540 Weather and season
conditions

t,, 1500-2500 | The state of the main
components, wheel-
base, refueling method
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pendence (Fig. 4) of the output per shift on the average
number of fir-needles (kg) per 1 m® of tree stem under
favorable and unfavorable conditions was obtained.
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Figure 4: Dependence of the output per shift of the
mobile unit on the average number of fir-needles kg,
per 1 m? of tree stem under favorable and
unfavorable conditions

CONCLUSIONS

As a result of the research current technologies were
studied; taking into account the advantages and dis-
advantages a technological process for preparing and
processing green verdure of conifers using a designing
mobile unitwas developed. The unit is able to separate
and process green verdure in the wood cutting area; the
formula of productivity was deduced. The output per shift
depends on the average number of fir-needles per 1m?3of
a tree stem atminimum time costs and minimum number
of fir-needles the productivity will be 14.3 m3. At minimum
time costs and maximum reserve, the productivity will be
36.1 m3. At maximum time costs and the minimum re-
serve, it will be 10 m3. At maximum time costs and maxi-
mum reserve, itwill be 25.3 m3.
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