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The main question that a person asks himself when he needs to provide heat to his home. In the current,
military time in Ukraine: how to do it more profitably, with the current level of comfort? Everyone chooses for
himself, manufacturers of energy production equipment (gas, liquid or solid fuel boilers, electric heating
devices, solar installations, heat pumps) conduct an active advertising campaign, trying to prove that their
equipment is the most profitable and the best. The average consumer, not having relevant experience, usually
makes a spontaneous decision, basing his choice on advertising or the seller's beliefs. For the use of alternative
fuel resources, namely wood, we offer to consider the development of a hydraulic wood chipper, which makes
human labor much easier.

The cheapest way to heat a country house is a boiler running on solid fuel (firewood, anthracite). But
it should be understood that together with the relative cheapness of heat with this heating method, a number
of problems arise related to fuel storage and the need for constant maintenance of the boiler: its loading,
ignition and cleaning. Should you save money and equip your house with a solid fuel boiler, or should you
choose a gas boiler (or a liquid fuel one that runs on fuel oil), during which the entire production process is
fully automatic? The choice is yours. But in any case, as you can see, stopping your choice on electric heating,
solar equipment or a heat pump for no particular reason is probably not worth it yet: these technologies are
still too expensive for widespread use today.

At present, firewood was and is the most ecological and economical type of fuel. Therefore, the owners
wonder how to make it easier to collect firewood in order to preserve their health.

A log shredder with a hydraulic system is the best assistant for the owner to prepare an alternative
source of energy for the heating season. It is easy to operate - you only need to install a deck, press a button
or a lever. The log is divided smoothly and without contact with the person, which is over security. The force
of the hydraulic system is enormous, reaching 4-6 tons, the shredder can work with different types of wood
and at high speed.
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Eqg. 1. Fig. 5. Ref. 11.

1. Problem formulation

During the heating season, there is a problem of fuel resources and cost savings for their purchase,
with the increase in energy carriers (gas, fuel oil, coal) there is a way out in the use of alternative types of fuel.
As an energy resource, biomass is widely used in the agriculture of Poland, Hungary, the Czech Republic and
other European countries. By-products of agro-industrial production are used for heating - straw of grain crops,
stalks of corn and sunflower, firewood from trees. These energy resources can be effectively disposed of if
they are located at short distances from the heating object and their quantity is sufficient for production needs.

The solution to this problem can be wood firewood for heating schools and kindergartens. Also,
firewood was and remains the most ecological and economical type of fuel, so there remains the problem of
how to facilitate the work of gathering firewood.

2. Analysis of recent research and publications
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Hydraulic choppers are designed for harvesting firewood in large volumes. The log is automatically
directed to the blade and split by the hydraulic cylinder. Hydraulic woodcutters are used in factories and
cottages. Can be used for hard wood species. [1-2].

The minimum set of components of the hydraulic system of the simplest hydraulic Shredder includes
a hydraulic pump, hydraulic pump drive (engine), hydraulic distributor, hydraulic tank, hydraulic cylinder,
hoses and connecting elements.

The shredder for the owners of the house allows you to save a lot, as well as purchase inexpensive logs
for their further splitting. Nowadays, wood is the most affordable energy resource. It is especially appreciated
if there is no need to hire people to deal with it. There is no need for additional working hands if there is such
a home hydraulic Shredder.

The owners of high-quality home splitters are most often the owners of private or country houses
where there is no gasification, or those who want to significantly save on expensive blue fuel: [3].

These devices for home use are manufactured with a special hydraulic system. It is designed to move
the column quickly and precisely with gradual injection and creation of the necessary effort in order to quickly
and evenly split the wood.

Advantages and disadvantages

All hydraulic woodcutters are different:

+ Efficiency.

+ Job security.

+ Simple management.

Fig. 1. A variety of production log splitters for firewood.
Source: grouped by author based on [3]

Despite the advantages, they have disadvantages.

- High price.

- Need to change the oil.

- In case of breakdown, expensive repair of the hydraulic system.

All the advantages and disadvantages of hydraulic systems arise when compared with woodcutters of
other types: cone, rail and mechanical.

Cones are unreliable and dangerous. The motor rotates the cone-shaped cleaver. A person directs a log
at a cone that is screwed into the wood until it splits. Due to close contact, a cone or a log can injure a person.
If the log is directed incorrectly, the woodcutter will break.

In the rail engine, the shaft rotates. The operator lowers the lever, the rail falls on the shaft and it
instantly launches it towards the log. The log splits from hitting the ax. The obvious disadvantage is low safety,
the log flies to the sides and can catch a person. Therefore, brands of garden equipment rarely produce them.

Mechanical ones are almost always self-made. They only slightly simplify the work compared to the ax.

Advantages of homemade log splitters for firewood:

1. The presence of a special system - hydraulics, which exerts the necessary effort of splitting firewood.
Therefore, the equipment knife very quickly and evenly splits a log of any kind, even very hard.
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2. The hydraulic household models of the presented Shredders have excellent performance. They are
much more efficient than their mechanical counterparts. This factor is especially valuable for busy people who
need to harvest a large amount of wood for the house and are serious about professional equipment.

Home Shredder with hydraulics is not equipped with a powerful engine. It has the function of splitting
a small area of wood. A shredder divides a log of wood into several parts at once.

3. The purpose of the article
Investigate and prove that the proposed hydraulic wood chipper is effective, speeds up and facilitates
work when harvesting wood for ecological and economic heating of both suburban estates and school premises,
kindergartens and other industrial buildings.

4. Results of the researches

Project proposed wood chipper.
The hydraulic wood chipper is intended for mechanical chopping of firewood for space heating.
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Fig. 2. Structure of the proposed hydraulic shredder:

1 — Hydraulic cylinder; 2 — hydraulic cylinder rod; 3 — pusher; 4 — hydraulic sleeve; 5 — hydraulic
pump drive electric motor; 6 — distributor; 7 — hydraulic pump; 8 — oil drain sleeve; 9 — injection sleeve;
10 — lever; 11 — retainer; 12 — hydraulic cylinder mounting bracket; 13 — a knife; 14 — frame; 15 — tank;
16 — lever mounting bracket; 17 — connecting coupling 18 — guide.

The hydraulic Shredder of wood blocks (Figure 2) consists of: a frame 14 on which all the working
bodies of the machine are mounted, a hydraulic cylinder 1, connected to the frame 14 through a bracket 12 and
a retainer 11, the hydraulic cylinder serves as the executive working body of the Shredder, a pusher 3 is
attached to the extendable rod 2, which moves the log to knife 13. Lubricant is pumped through the discharge
sleeve 9 to the hydraulic pump 7, then through the distributor 6 it is fed through the sleeves 4 to the hydraulic
cylinder 1. The control lever 10 is attached to the frame 14 through the bracket 16. The hydraulic pump 7 is
driven by the electric motor 5 through the coupling 17. The oil is poured into tank 15. A guide 18 is attached
from the top of the frame, along which the log of wood is guided to the knife 13.

Let's consider the principle of operation of the hydraulic Shredder of wood blocks in figure 3.

The operation of the hydraulic Shredder is very simple: the wooden block 3 is placed on the guide 7
in the place between the rod 2 of the hydraulic cylinder 1 and the knife 4, when oil is supplied to the hydraulic
cylinder 1, the rod 2 is pushed forward, thus moving the block 3 to the knife 4, the knife is fixed rigidly to
frame and under the pressure of the rod, the pad splits. To select the thickness of firewood, the split log is
turned over and the splitting process is repeated.
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Fig. 3. Operation of the hydrau'l'ic Shredder:
1 — Hydraulic cylinder; 2 — hydraulic cylinder rod; 3 — block of wood; 4 — a knife; 5 — retainer;
6 — bracket; 7 — guide.

Wood splitting, as one of its mechanical processing, has become widely used both in industry and in
everyday life. To date, a lot of equipment for splitting firewood has been developed, which is diverse in terms
of structural features [3]. Despite this, work in the direction of creation of new and improvement of existing
structures of cleavers does not stop. This is explained by a significant increase in the price of convenient energy
carriers, primarily gas and electricity. This is clearly visible from the diagram in fig. 4, which was built by us
based on the analysis of data for the annual heating season presented in [3]. The principle of operation of
cleavers depends on the type of knife used in the mechanism and the way it is activated. According to this
feature, the following types are distinguished: electromechanical, electrohydraulic and with a rotating screw
cone. In mechanical wood splitters, the logs to be split are fed to a stationary knife by a rod, which is driven
to translational motion by means of mechanisms for converting rotary motion into translational motion (rail
gears or crank-rod mechanism). All electromechanical cleavers have a powerful gearbox with a large gear
ratio. The principle of operation of the electro-hydraulic cleaver is as follows: the hydraulic cylinder receives
the pressure energy of the working fluid from the electric motor and transfers it to the hydraulic rod, which
drives the stop. Hydraulic cylinders create forces on the rod up to 10 tons. Thanks to smooth operation, the
blade enters the wooden blank without impact, pierces it, but does not crush it. If the power of the machine is
not sufficient to split the log, then the cylinder stops, and the pump continues to work at idle, that is, this
mechanism protects the machine from damage. The construction of hydraulic cleavers is simple, and the
operational characteristics are high. The main advantage of this type of mechanism is the smooth collision of
the log and the knife. A conical or screw-type log splits wood by screwing a steel cone with a screw thread
into the side of the log. At the same time, the log is placed vertically, with the bark facing the "conical screw".
The design of this cleaver involves the presence of a flywheel with a large moment of inertia, which is installed
directly on the shaft of the cone. The rotation of the shaft from the electric motor is carried out using a V-belt
transmission. This principle of operation is simpler than in mechanical and hydraulic mechanisms, and
therefore is most often taken as the basis for the manufacture of wood-chopping machines with your own
hands. This system has several disadvantages - high requirements for engine power, low efficiency due to
significant frictional losses and intensive wear of the cutting edge of the tool.

To calculate the costs of heating the room, we will use the formula [4-5]:

V =24QS/(q 0,01 1), (1)

where V — daily energy consumption of the vehicle in m*, Q — heat loss of the building in kw;

S —house area in square meters; q — specific calorific value of the energy carrier in kW/cube; n — boiler
efficiency.
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Fig. 4. Chart of costs for heating with different energy carriers per season for an area of
120 square meters

Analytical studies of wood splitting processes are based on the theoretical principles of cutting
materials with a wedge-shaped knife, about its rectilinear movement in the direction normal to the cutting
edge. At the same time, the anisotropy of wood properties is taken into account. The calculation scheme for
modeling wood splitting is presented in Fig. 5. The main input factor in modeling is the geometric shape of
the tool, which is described by the function of the wedge angle change (1 71 f x[1 ] (Fig. 5.) as it enters the
material. The following indicators of the physical and mechanical properties of wood are taken into account
in the model: the adhesion strength of the fibers of the coupling f, the conditional modulus of elasticity during
bending, the coefficient of friction on steel.

A

Fig. 5. Calculation scheme of wood splitting

The moments of resistance during bending of log parts in the process of splitting are determined as for
a cantilever beam with a section in the form of a segment with a generating angle of 180, 90 and 45 degrees.
When the wedge enters the log, the surfaces of its contact with the surfaces formed during splitting are affected
by frictional forces F zter and forces F p, which lead to the bending of the formed parts and the further growth
of the crack. The initial parameter of the model is the force F (Fig. 5.), which changes when the wedge enters
the log. For conducting experimental studies, it is planned to use the PM-5 tearing machine for testing
materials, which provides a maximum force of 50000 H. [4-5].

General principle of action

It is not necessary to use an ax - if possible, it will be replaced by a hydraulic Shredder. A good machine
can prepare firewood for a week of heating an average house in 3 hours. [6-8].

The proposed Shredder separates firewood without the use of physical force. A person works as an
operator: he installs the deck and starts the apparatus. Splitting occurs automatically.
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For this, the hydraulic Shredder uses the energy of compressed liquid. It allows you to press the wedge
into the log with great effort: creating a pressure of 4-6 tons. How?

The motor starts the pump. The pump pumps oil from the tank to the hydraulic distributor - it regulates
the supply of oil to the cylinder and its return to the tank. [9-11].

Having entered the closed space of the cylinder, the oil creates pressure that pushes the rod. In turn,
the rod moves the log onto the pick as far as it will go. The pressure increases sharply and is concentrated in
one point - on the log. It cannot withstand and gradually splits.

After splitting, a new sleeve of the hydraulic distributor opens and the oil from the cylinder returns to
the tank, and the rod returns to its initial position. The pressure normalizes.

If the Shredder cannot handle the log, the safety valve is triggered. It takes some of the oil out of the system
to reduce the pressure. If this does not help and the log does not split, the rod is turned back to prevent breakage.

5. Conclusions

Log shredders with a hydraulic system are the best helper for the owner to prepare an alternative source
of energy for the heating season. It is easy to operate - you only need to install a deck, press a button or a lever.
The log splits smoothly and without human contact, which increases safety. The force of the hydraulic system
is enormous, reaching 4-6 tons. The shredder can work with different types of wood and at high speed.

Hydraulic systems are expensive: the price of the simplest household model starts at UAH 5,000.
Therefore, the idea arose to independently design a hydraulic log chopper to facilitate the work of harvesting
firewood.

The calculations performed, which are shown on the diagram of the costs of heating with various
energy carriers (Fig. 4) per season for an area of 120 square meters, indicate that today the most economical
and ecological heating is wood. Prices and tariffs may change, but it should be understood that the ratio
between prices for different energy carriers (gas-electricity-coal, etc.) almost always remains stable. Prices and
tariffs may change, but it should be understood that the ratio of prices for various energy carriers (gas,
electricity, coal, etc.) almost always remains stable.
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PO3POBKA TA EOEKTUBHICTb BUKOPUCTAHHSA I'IPABJIYHOI'O NIOAPIBHIOBAYA
JEPEBUHMU SIK IHCTPYMEHTY JJIA NIAI'OTOBKU AJIBTEPHATUBHOI'O ITAJIMBA

Tonosne numanns, ske cmasumv cobi MOOUHA, KOMU Y Hei BUHUKAE HeOOXiOHicmb 3abe3neuumu
meniom cor ocento. B menepiwmnitl, siticokosuil yac 6 Ykpaiui. sax ye 3pobumu eucioniuie, npu HUHIUWHbOMY
pisHi komgpopmy? Koowcen subupae cam, 8upoOHUKU eHepeo8UupOOHO20 00NAOHAHHA (2a308UX, piOKO- abo
MBEPOONANUGHUX KOMIIG, eNeKMPUUHUX 00IePi6aNbHUX NPUNAOI8, COHAUHUX YCMAHOGOK, MENI08UX HACOCI8)
npPo6oOUMs AKMUBHY PEKIAMHY KAMNAHIIO, HAMA2aoyucb O006eCmu, wo came U020 O0ONAOHAHHA —
Hatigueioniwe ma Haukpaue. Ilepeciunuii cnoxxcusau He Mao4u 6i0N0GIOHO20 00CEIOY, 3A36UUAll NPUUMAE
CNOHMAHHEe pIUleHHs, CRUPAIOYUCL Y CBOEMY 6UOOPI HA DEKIaMy YU NEePeKOHAaHHs npodasys. [lis
BUKOPUCTNAHHA ATbMEPHAMUGHUX NATUBHUX PECYPCi8, a came 0epeduHlt, NPONOHYEMO PO32NAHYMU PO3POOKY
2I0pasniuHO20 PO3KONIOBAUA OePeBUHU, WO SHAYHO NO Jlecuie TI00CbKY NPayio. .

Haiibinew dewesum cnocobom onaneHus 3amicbko2o 0YOUHKY € KOMell, Wo Npaytoe Ha meepoomMy
nanugi (Opoea, anmpayum). Aie cio po3ymimu, wo pazom i3 IOHOCHOK OelUleBU3HOI0 MeNnaa NPu OaHOMY
Cnocobi OnaneHHs GUHUKAE HU3KA NPoOIemM No8 SI3aHUX i3 30epieaHHAM NAIUEa ma HeoOXIOHICMIO ROCMIUHO20
00C1Y208y8aHHA KOMIA: 1020 3A6AHMAICEHHS, PO3NANIOBAHHA Ma uuwenHs. Yu eapmo saowaoumu ma
o0baonamu cgill OYOUHOK MEepOONANUSHUM KOMIOM YU 8Ce-MaKu 3yRUHUMU c8lll 6UOIp HA 2A3080M) KO
(abo piokonanusHoMy, Wo npayle Ha masymi), nio uac pobomu 3 AKUMU 6eCb Npoyec GUPOOHUYMBA
8i0Oysaembcsi nosHicmio agmomamuuno? Bubip 3a eamu. Ane y 6yov-sikomy GUnaokxy, sik MOJICHA dauumu
3YRUHAMU C8ill 8UDIP HA eNeKMPOONAIeHH, COHAYHOMY 0DNAOHANHI AO0 MENI080MY HACOCI be3 0cobIUBUX HA
ye npuyuH, Mabyms, HOKU WO He 8apmo: yi MexHoL02li Ha Cb020OHIWHIL OeHb 8ce We 3aHaomo 00poei O
WUPOKO20 BUKOPUCAHHS.

Ha cvo200enus Oposa 6ynu i € camumu eKon02iYHUM | eKOHOMIYHUM 8UOOM naibHo20. Tomy eocnodapi
3a0a0MbCL NUMAHHAM, K HOAE2UWUMU 3a20MIBT0 Oposamu , wob 30epeemu c80€ 300P08 5.

Tloopibniosay konoo 3 2iOpAGIIMHOIO CUCMEMOIO0 — HAUKPAWULL NOMIYHUK 1ACHUKA OJIsI NIO20MOGKU
anbmepHamugHo20 0dxcepena enepeii 00 onanosanbHo2o ce3oHy. Bin npocmuil 6 excniyamayii - nompiono
Juue 6CMaHo8UmMU Koaody, HAMUCHymu KHONKy aoo eaxcins. Konoda po3dinaemvcs niasHo i Oe3 KOoHmakmy
3 NPayi6HUKOM, AKUUl 3HAX00umuvcs 6 be3neyi. 3ycunnsa 2iopasniunoi cucmemu eenuueste, oocseac 4-6 momu,
nOOPIOHIOBAY MOJICE NPAYIO8AMU 3 PISHUMU NOPOOAMU OePesUNU | HA GUCOKIU WUBUOKOCTI.

Knrouoei cnoea: xonooa, eciopasiniunuil noopibHiosay, noopibHI8aY Oepesuru, meepoOnaiusHUl
KOomei, anbmepHamueHe naaueo.
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