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THE ANALYSIS OF THE DYNAMICS OF FOREST LAND FUND AND
CURRENT CONDITION OF LITHUANIAN FOREST

The article reveals official statistics of the Lithuanian forest sector in 1938-2016 years and
trends of the last few decades. For a better research the main trends of the dynamics of forest land fund
and current condition of Lithuanian forest there are some figures and tables, which demonstrate updat-
ed forest data. Also a comparison evaluation, based on the Environmental Performance Index (EPI),
between Ukrainian and Lithuanian forestry was made. The Lithuanian land fund was analyzed in ac-
cordance with a data of the National Land Service and National Forest Inventories Assessment of
Wood Availability and Use, estimated the level of forestry protection strategies and it's results, given
an information about features of the division of categories of the forests lands and biodiversity of the
forests. Moreover, considered a governmental strategy of the forests protection.

Keywords: Lithuanian Forestry, forest land, forest coverage, growing stock volume.

Introduction. Every two years the researchers of Yale University (USA) an-
nounce the Environmental Performance Index (EPI) for the countries around the world.
This index ranks countries' performance on high-priority environmental issues in two
areas: protection of human health and protection of ecosystems. According to the Forest
Protection Assessment in 2012, Lithuania was recognized as the country, which puts the
biggest amount of effort to protect forests comparing to other countries in the world.
Taking a look at general statistics, the country takes 17" place [7]. It is worth to follow
a positive dynamic of the country's performance and compare it to the actions regarding
the forest protection of Ukraine (Fig. 1). In this case, being able to learn a Lithuanian
strategy of growing, protecting, and marketing Ukrainian forests may help the country's
foresters to improve their performance and to achieve higher results.
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Fig. 1. The comparative rating of Lithuania and Ukraine
according to Environmental Performance Index

The aim of the study. The study aims to understand a foreign experience of for-
estry and learn the features of the climate of Lithuania. In addition, it will also reveal ge-
ographical features, amount of species, and volume of tree felling. The study also aims to
improve an understanding of forestry with a help of statistical information and to com-
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pare a process of forestry in Ukraine and Lithuania. Finally, the study will reveal the key
strategies, which should be applied to the forestry of Ukraine.

1.1. Characteristics of Lithuanian Forestry. Lithuania is a country, which is lo-
cated in the northern part of Europe with the total area nearly 65,300 km?. The country
is one of the three Baltic states and is situated along the southeastern shore of the Baltic
Sea. Lithuania is glacially flat, except for morainic hills in the western uplands and
eastern highlands, which are not higher than 300 meters. The country has numerous
small lakes and swamps; a mixed forest zone covers over 33 % of the country. The
growing season of Lithuania lasts 169 days in the east and 202 days in the west and in-
volves mostly sandy- or clay-loam soils [3]. There are 42 forest enterprises in Lithuania,
which are managed by the Directorate General (General Directorate) of State Forests
under the Ministry of Environment. Enhancing ecological, economic, environmental,
recreational, and other socially important values of the state forest and balancing forest
sector by rationally using and increasing forest resources are not the only objectives of
the Directorate General [1].

Table 1. Land fund republic of Lithuania by land-use categories [6]

01.01.2003 01.01.2011 01.01.2012

Land-use categories Area Area Area

1000 ha % 1000 ha Y% 1000 ha %
Agricultural land 3487.4 53.4 3463.4 53.0 3465.3 53.1
Forest land 2008.5 30.8 21624 32.6 2162.2 32.6
Other wooded land (bushes) 80.1 1.2 84.0 1.2 86.6 1.3
Roads 131.0 2.0 132.1 2.0 131.8 2.0
Urban territory 189.2 29 180.5 2.8 181.5 2.8
Water 262.2 4.0 262.6 4.0 262.4 4.0
Swamps (bogs) 146.1 2.2 116.4 1.8 116.2 1.8
Other land 225.5 3.5 164.6 2.6 160.1 2.5
Total 6530.0 | 100.0 | 6530.0 | 100.0 | 6530.0 | 100.0

According to the data of National Forestry Inventory (NFI) [5], which presents
more reliable data then Land Registry Forestry Inventory (SFI) [6], the total forest land
area is 2,162,200 ha covering 32.6 % of the country's territory. It is important to mention
that during the 2003-2012 years the coverage increased by 2,4 % as previously it was
30,9 % (Table 1). In the 16" century lands in Lithuania unsuitable for agricultural activi-
ties had to be afforested. It is assumed that in the 16™ century forest coverage of Lithua-
nia was about 60 %. Later this percentage indicator decreased due to different, mostly
economic, reasons; in 1945 it did not reach 17 %. Yet, in the second half of the 20th cen-
tury, Lithuania's forest coverage increased by 10 per cent (Fig. 2), (Table 2). On 23 May
2012 the National Forestry Sector Development Program was approved by the Govern-
ment of the Republic of Lithuania, which currently tries to increase an area of forests up
to 34,2 % by the year 2020.

1.2. Forestry Protection Control. All forest enterprises in Lithuania are certifi-
cated according to the strictest standard in the world — the FSC (Forest Stewardship
Council) certificate. The Forest Stewardship Council is an international, non-profit,
multi-stakeholder organization established in 1993 with the aim to promote a responsi-
ble management of the world's forests. The first two FSC forest management certifi-
cates were issued in 2001 to Birzai and Panevezio state forest enterprises. The FSC does
this by setting standards on forest products and then if the standards are followed, the
council labels them as eco-friendly. The fact that Lithuania is granted with FSC certifi-
6



cate, means that country's state forests are managed especially well. Moreover, this cer-
tification is not a one-time action; every five years certificates are renewed and every
year an annual inspection is carried out.
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Fig. 2. Forest coverage in Lithuania, 1938-2012 [6]
Table 2. General characteristics of Lithuanian forests [5, 6]

Characteristic 01.01.2003 | 01.01.2011 | 01.01.2012
fsolgi:)st land area according to Forest assessment, 1,000 ha 2045 2170 2173
Forest area covered by stands, 1,000 ha (SFI) 1951 2057 2055
Of which planted forest, 1,000 ha (SFI) 459 508 515
Total growing stock volume, mill. m® (NFI) 453.4 489.8 501.3
Mean growing stock volume, m*/ha (NFI) 226 237 240
. . 3
(1;\(;123}1) growing stock volume of mature stands, mill. m 109.9 123.9 129.1
Mean growing stock volume of mature stands of III-IV
groups, m>/ha (NFI) 301 307 310
Gross annual increment, mill. m* (NFI) 16.0 16.6 17.2
Gross annual increment, m>/ha (NFI) 8.0 8.0 8.2
Accumulation m*/ha (NFI) - 2.1 2.5
Forest coverage, % (SFI) 31.3 33.2 333
Forest area per capita, ha (SFI) 0.59 0.67 0.68
Growing stock volume per capita, m> (NFI) 131 151 157

1.3. Forest land area by land-use categories

According to the data of SFI [6], the total forest land area was 2,173,000 ha, cov-
ering 33.3% of the country’s territory. Since the 1% January 2003, the forest land area
has increased by 128,000 ha corresponding to 2.0% of the total forest cover. During the
same period, forest stands expanded by 104,000 ha to 2,055,000 ha. Occupying
1,153,200 ha, coniferous stands prevail in Lithuania, covering 56.1% of the forest area.
They are followed by softwood deciduous forests (818,500 ha, 39.8%). Hardwood de-
ciduous forests occupy 83,800 ha (4.1%). The total area of softwood deciduous forest
land increased by 120,100 ha over the last nine years. The area of hardwood deciduous
has decreased by 8,800 ha and coniferous forest by 6,800 ha. The average forest area per
capita increased from 0.57 ha to 0.68 ha (Table 2).

Lithuanian foresters make a hard work with not only reforestation of new areas,
but also with creation new nurseries and expanding current ones (1839 ha in 2003, but
2043 ha in 2012), and developing a level of forests protection (making block and tech-
nological lines, firebreak belts and forest roads). According to the data of Table 3, the



total area of the lands for technological purposes steadily increased from 27676 ha in
2003 to 33810 ha in 2012.

The same situation with the lands for other purposes, the area of which increased
in percentage from 0.3% to 0.4% during a period of 2003-2012 (Table 3). All these
facts means about a stable progress, positive changes and correct management in the
Lithuanian forests enterprises.

Table 3. Forest land area by land-use categories [6]

01.01.2003 01.01.2011 01.01.2012
Land-use category Area Area Area
ha % ha % ha %

Forested land 1950981 | 95.4 | 2057462 | 94.8 | 2055436 | 94.6
natural stands 1491497 | 72.9 | 1549488 | 71.4 | 1540787 | 70.9

lanted forests 459484 | 22.5 | 507974 | 23.4 | 514649 | 23.7
Non-forested land 59521 2.9 67499 3.1 72592 33
dead stands 1523 0.1 3948 0.2 4546 0.2
clear-cut areas 39652 1.9 44981 2.1 49858 2.3
blanks 15527 0.8 13481 0.6 12855 0.6
land for afforestation 2819 0.1 5089 0.2 5059 0.2
forefvt land under convertion into other cate- B B 3 B 275 0.0
gories
Seed orchards, nurseries 1839 0.1 2102 0.1 2043 0.1
seedling nurseries 505 448 391
seed orchards 704 829 785
nurseries 630 826 867
Land for technological purposes 27676 1.4 33938 1.6 33810 1.6
block lines 11860 12366 12587
technological lines 667 1313 1508
firebreak belts 469 468 493
routes, forest roads 14680 19791 19222
Land for other purposes 5271 0.3 8772 0.4 8975 0.4

lantations of raw materials 339 346 317
recreational plantations 406 197 199
wood yards 585 420 418

eeding places (for game) 2040 3077 2890
landscape sites 940 4265 4725
recreation sites 960 467 425
Total 2045287 | 100.0 | 2169722 | 100.0 | 2172855 | 100.0

1.4. Lithuanian Forestry Diversity. Occupying 1,153,200 ha, coniferous plants
prevail in Lithuania covering 56.1 % of the forest area. Coniferous plants are followed
by softwood deciduous forests (818,500 ha, 39.8 %) and hardwood deciduous forests
occupy 83,800 ha (4.1 %). To be precise, scots pine (Pinus sylvestris) occupies the big-
gest share in Lithuanian forests — 722,200 ha. Norway spruce (Picea abies) covers
428,400 ha with a reduction of 16,900 ha. Birch (Betula) covers the largest area among
deciduous trees. Since 2003, it has increased by 66,600 ha and reached 458,800 ha by
the 1% January 2012. Areas of black alder (4/nus glutinosa) have increased by 22,500 ha
to 141,900 ha. The area of grey alder (4/nus incana) has expanded by 6,500 ha. The ar-
ea of aspen (Populus tremula) has expanded by 20,900 reaching 78,200 ha. Oak (Quer-
cus) forests increased from 35,700 ha to 41,900 ha. The area of ash (Fraxinus) has di-
minished by 30 % decreasing to 35,700 ha (Fig. 3) [2, 4].
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Fig. 3. Forest stands area by dominant tree species 01.01.2012 [6]

According to NFI data, since 2002 total growing stock volume has increased from
453.4 million m? to 501.3 million m? [5]. The average growing stock volume in all for-
ests since 2003 has increased by 11 m*/ha up to 240 m*/ha. In the beginning of 2012, the
distribution of forests by functional groups was as follows (Table 4):

— Group I (strict nature reserves): 26,300 ha (1.2 %);

— Group II (ecosystem protection and recreational): 266,800 ha (12.3 %);

— Group III (protective): 331,200 ha (15.2 %);

— Group IV (exploitable): 1,548,600 ha (71.3 %) (Table 5) .

The whole county is divided into 10 counties and 60 municipalities. The highest
forest coverage was recorded in Alytus (49.1 %) and Vilnius (44.0 %) counties, while
the least forested counties were Marijampole (21.7 %) and Klaipeda (26.4 %). The
growing stock in Vilnius county (104.0 million m*) makes more than one fifth of the to-
tal growing stock in Lithuania [2, 4].

Table 4. Distribution of forest land area by forest groups [6]

01.01.2003 01.01.2011 01.01.2012
Forest groups Area Area Area

ha % ha % ha %
Forest reserves 23929 1.2 26264 1.2 26282 1.2
Special-purpose forests 243592 11.9 264735 12.2 266783 12.3
Protective forests 325889 15.9 330259 15.2 331201 15.2
Exploitable forests 1451877 71.0 1548515 71.4 1548589 71.3
Total 2045287 | 100.0 | 2169772 | 100.0 | 2172855 | 100.0

In 2011, 55,000 ha were damaged by different factors such as hunting, diseases,
insects, and others. It is also important to mention that damage in previous year was up
to 7 % more. The most formidable damage to the forests was caused by Spruce bud
scale (Physokermes piceae) and Pine-tree Lappet (Dendrolimus pini). In addition, Green
Oak Tortix (Tortix viridana), Gypsy Moth (Lymantria dispar), Pine weevil (Hylobius
abietis), and cockchafer (Melolontha sp.), are also widespread in Lithuania and usually
destroy great areas every year as well [4].



Table S. Forest stand area and growing stock volume per ha by maturity groups in
III and IV group forests 01.01.2012 [1000 ha/ m3/ha] [5, 6]

. . Maturity groups
Dominant tree species Young stands | Middle-aged Premature Mature Total
Pine 100.0 390.8 52.2 47.6 590.5
121 322 388 385 304
Spruce 203.1 72.8 39.6 75.1 390.6
83 277 312 354 209
Birch 88.3 116.9 88.8 121.7 415.7
38 177 287 291 199
Aspen 232 6.6 4.7 38.4 72.9
42 193 262 346 245
23.9 45.4 21.5 34.7 125.5
Black alder 34 216 275 337 219
Grey alder 9.2 12.0 28.7 58.0 107.9
29 80 152 193 157
Oak 6.0 19.0 1.2 4.5 30.6
63 251 - 329 220
Ash 4.7 23.6 1.3 1.3 30.9
68 205 231 284 194
2.0 3.5 1.5 3.0 10.1
Other 70 117 220 223 163
Total 460.4 690.6 239.4 384.1 1774.6
73 267 288 310 236
407.9 665.9 3123 308.5 1694.6
Total 01.01.2003 93 247 269 301 224

1.5. Forestry Protection Strategies in Lithuania. One of the important things
that Lithuanian foresters do is that they focus on and care about the way of selection;
this is because they believe that this branch can open many opportunities. Therefore, it
is important not only to grow big areas of forest, but it is also essential to make sure that
they are of high quality ones. In this case, there are a lot of gene reserves (160) on the
area of 3,631 ha, seed stands (198) on the area of 1,574 ha and 2,652 selected trees. As
the result of this strategy, the main part of the harvest during 2011 was oak acorns
(91,9 tons) and the general amount of collected seeds in this year reaches 93,6 tons,
which is 3 times more than in 2010. Other popular species for collecting are seeds of
Scots pine, spruce, silver birch, black alders, line-trees, and maple.

The area of state nurseries was 1,214 ha at the beginning of 2011. The number of
forest seedlings and saplings was counted to be 132 million at the beginning of 2011.
The state forest enterprises used 52,7 million plants from their own nurseries in 2011.
From this, 32,1 million were planted in their own forests and the remaining 20,6 million
were sold. The main share of this amount was sold to private forest owners and to other
customers. State forest enterprises purchased 5,4 million plants [2, 4].

Besides the fact that Lithuanian foresters are focused and care about selection,
they have also worked on two main strategies of forestry protection. Two types of forest
protection, which are considered to be the most serious are forest fire protection and
forest protection from illegal felling. In 2012, 81 forest fire accidents in the area of
20,29 ha and 465 cases of illegal forest felling were registered in Lithuania. Because of
illegal forest felling, 1,026 m* of wood were cut. In result, 1506 people were fined for
illegal felling and other Forest Law violations. The issued penalties brought for the
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country EUR 112,275. In 2012, the state forest enterprises spent 1,5 thousand EUR of
their own funds on the maintenance of the general state system of anti-fire measures.
While taking preventative measures, 12.5 thousand km of fire breaks were made [2, 4].

Interesting fact is that only during one year forest enterprises set up 10,200 new
nesting-boxes and repaired 9,200 old nesting-boxes. In addition, 2,400 anthills were
fenced and 4,400 hollow trees were marked. Influential various forest protection
measures were applied by the state forest enterprises on 95,200 ha of forestland.

The amount of round wood prepared for sale was 7.3 million m? in 2011; compar-
ing it with 7.4 in 2010, it was considered to be very stable. The amount of round wood
prepared in state forests totaled 3.96 million m? in 2011. According to expert evaluation,
the felling rate in private forests decreases by 8 % resulting in 3.3 million m?. Private
forest owners received cutting permits for 2.2 million m?. Half of this (1.1 million m?)
was issued to cut coniferous stands by 7 %, which in result reached 601,000 m3. Private
logging companies performed 35 million EUR worth of wood harvesting and haulage
works for state forest enterprises in 2011. Contractors harvested 90 % of timber pro-
cured in State forest enterprises. Half of the enterprises contracted out 100 % of harvest-
ing works.

As the annual result of felling, there were provided 582,000 m* of spruce,
482,000 m? of pine, 651,000 m? of birch, 433,000 m* of aspen, 243,000 m? of black al-
der, 41,700 m? of ash, 47,000 m? of alder, and only 11,900 m? of oak.

The annual consumption of round wood in Lithuania decreased to 5.4 million m?
in 2011. Consumption of round wood in the wood industry and in the energy sector was
very stable. Prices of round wood continued to increase during 2011. The most signifi-
cantly (11-14 %) increased prices in State forest enterprises were performed for logs,
pulpwood, and firewood [1, 2, 4].

The mean prices of round wood in state forest enterprises increased from
32 EUR/m? in 2010 up to 40 EUR/m? in 2011. The export of industrial round wood was
1.84 million m?, i.e. 39 % more to compare with 2010. The main foreign customers are
Sweden, Poland, Germany, China, Latvia, UK, and Denmark. EU countries remained
the main foreign markets for wood industry products. The total exports from Lithuania
increased by 29 % in 2011 (there was a 33 % increase in 2010). Lithuania's main export
markets were countries of the European Union, which is in total 61 % (61 % in 2010).
Main importers are Belarus and Latvia, Poland, and Sweden. Import from Ukraine de-
creased from 90,000 m* to 19,000 m?®. This process mainly involved oak logs
(18,000 m?) [4].

Conclusions. Lithuania has become independent at the same time with Ukraine.
Yet, in fact, until 2016 our northern colleagues have made much better progress in for-
estry sector. Such strategies as solving environmental problems, rapid raising of forestry
areas, exploitation of modern technical equipment, optimization of the process of log-
ging, and working with civil public place Lithuania as one of the countries, which pro-
tects forestry in the most efficient way. Therefore, learning foreign experience in
forestry and borrowing new technologies and approaches of Lithuanian forestry man-
agement, Ukrainian foresters will have an ability to achieve better results in their work.
The first step for Ukrainian foresters would be usage of statistical information to com-
pare the forestry management in both countries and then shaping new strategies and
steps to reach the same result in the nearest future.
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Secondly, the new management of Ukrainian forestry will not work unless several
problems influencing the process are eliminated. Such problems are illegal logging, cor-
ruption, and old forest machines and equipment. As demonstration, Lithuania has elimi-
nated such problems a decade ago and it has positively influenced forestry situation in
long term. Finally, if Ukraine finds a way how to benchmark successful strategies from
Lithuania, makes right priorities, learns how to protect and market forests, and helps to
improve their performance, the country has all chances to flourish because of prosper-
ous forestry industry in near future.
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THE INFLUENCE OF EQUIPMENT RELIABILITY ON THE STABILITY OF
MANUFACTURING OPERATIONS AND EFFICIENCY OF AUTOMATED
PRODUCTION SYSTEMS

The influence of equipment reliability on stability of manufacturing operations and efficiency
of automated production systems in the furniture industry is analized. The modern methods of deter-
mining reliability to meet the challenges of improving the functioning of the automated industrial sys-
tems furniture factories. Reliability of equipment has a significant impact on the stability of the process
and on the actual performance of automated lines. Reduced reliability leads to a significant reduction
in the actual performance automated lines and reduce the stability of manufacturing operations. Im-
prove the reliability of the automated industrial systems using expedient development schemes equip-
ment layout, structural and parametric optimization, redundancy and structural simulation.

Keywords: reliability of equipment, parameter stability, technological indexes of efficiency,
automated production systems, imitation design, structurally and parametric optimization, reservations.

Study features furniture production process shows that it is constantly influenced by
various random factors. Therefore, the length transactions furniture production values are ran-
dom because they depend on such random influences: size-quality characteristics of raw mate-
rials, safety equipment, process organization [1-19]. Furniture parts are characterized by size
and physical properties that accept different values in a certain range of changes. Between
these values there is no definite constant communication parameters of raw materials have
properties of random variables. Elements cycle time manufacturing operations in furniture
production include the working pace, duration and idle stroke cycle time losses. Loss of time
outside working cycle created especially unreliable technology, shortcomings in the organiza-
tion of labor and other factors of external influence. To restore the normal functioning of the
machine process requires some time. Time spent on the restoration of normal equipment opera-
tion intervals increase the duration of release and reduce the actual performance machines.
Thus, the operation of the machines there is a consistent alternating two different periods — pe-
riods of continuity and recovery periods working condition of the machine. Uptime machine
technique called time operating time tu, and its operability during recovery — recovery time ts.

The relationship between these parameters determines the level of technical equipment
and the efficiency of its use in production. It is estimated fate uptime t. or coefficient of readi-
ness. The coefficient of readiness K, availability index is a comprehensive measure of the reli-
ability and sets the expectation of the time of normal operation of the automated line:

Kr=t/(tu + t5) (1)

Significantly affect the efficiency of automated production systems in furniture manu-
facture reliable technical equipment, production equipment, means of control. Unreliable tech-
nology, shortcomings in the organization of work, factors outside influence causing loss of
time operation of process equipment. Reliability of equipment entails considerable influence
on the stability of manufacturing operations and efficiency of automated production systems.
According to a number of studies [1, 2] expectancy distributed manufacturing operations by
Erlang distribution, used to describe the process operations furniture production:

k=l i
F()=plr<tf=1-e*" ZM

. ©
i=1 .
where: F (t) — distribution function of the time intervals; p{t<t} — the probability that the dura-
tion of the operation will be less than a certain value ¢, u — intensity operations; K — Erlang
parameter that describes the technological stability operations. Erlang parameter defined as the

ratio to the square of the average duration of the operation to its variance:
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Depending on the size of the dispersion parameter K may take different values ranging

from 1 to . At K=1 when the variance of length transactions equal to its average value, we

get the distribution to describe purely random processes. In the absence of dispersion when the

duration of the operation constant parameter K infinitely large (K— o). Because of this prop-

erty allows Erlang distribution to describe a wide range of manufacturing operations length

with varying degrees of unevenness from a purely accidental to a permanent, inclusive. Dis-
persion interval release describes stability technology determined by the formula

_ _ o il _

D(t,)= tHTt”(Du +Zz)+té[Du +D, + (E+E)2]— [tiJ =D, +té[DB +Ez[l —téﬂ., 4)
ty ty K, tH ty

where Dy, Ds — variance cycle; t, — cycle of technological operations.

Thus dependence (4) defines the dispersion length interval output for specific parame-
ters cycle time, equipment uptime and recovery time its operability. With equipment reliability
theory we know that the average time between failure ty and recovery time t; linked by (1).
Therefore, the variance range of output can be expressed in terms of availability factor:

H tH

t t —
D, =D, +=L| D, +|1-2 (k' -1)1,”
t
: (5)

Parameter Erlang Kis production interval is calculated using the ratio
o s & (i )
Ky=12 = (LTS LA (e S (6)
Dy —2 1 t K Ly
Dy+t, | ——1|]22-1
K, ty

n

Stability of technological operations is determined by the Erlang Ky cycle time and de-
pends on the readiness coefficient Kr machines. Only perfect machine (K =1) parameter Kis
remains at its value for the duration of the cycle K,. Parameter Stability Ky cycle shows a
strong influence on the reliability of machines allowed only in the range of Ky=1 to K,=2.
This limits availability factor quite high (K;=0.90-0.98).

To ensure this reliability in terms of furniture production difficult. Further growth cycle
stability parameter K, has little effect on the permissible reliability of the machine. Thus ap-
pears essential primary stability ordering cycle time. More intensive and broader range of ac-
ceptable reliability affects the relative length of time of use.

Completed simulations using statistical research and analysis of the literature [1, 2], al-
lows to formulate the following conclusions: Reliability technological equipment creates a sig-
nificant impact on the stability of manufacturing operations and efficiency of automated pro-
duction systems in furniture production. Reduce the reliability of equipment leads to a signifi-
cant increase in the dispersion intervals output. The results of simulation modeling confirms
that the average duration of intervals of output is determined by the mean time rate of techno-
logical operations and readiness of the machine.

The solution to these problems, along with other technical and organizational measures
will significantly improve the reliability of automated production systems.
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BruiuB HaxiiHOCTI 00JIaJHAHHA HA CTA0OLIbHICTH TEXHOJIOTIYHUX OomNepaniii Ta
e(peKTUBHICTH QYHKUIOHYBAHHA ABTOMATH30BAHNUX BUPOOHMYMX CHCTEM

AHaI3yeThCsl BIUIUB HAAIMHOCTI 00JIaHAHHSA Ha CTaOUIBHICTh TEXHOJOTIYHUX OTepalii Ta
e(eKTHBHICTh ()YHKIIIOHYBAaHHS aBTOMAaTU30BAaHUX BUPOOHUYUX CUCTEM y MEOJIEBOMY BUPOOHHIITBI.

PosrasigaroTbest cydacHi METOM BU3HAYEHHST HAIIMHOCTI JIJIs1 BUPINIEHHS 3aBJaHb ITiIBUIIICHHS
e(eKTUBHOCTI (DYHKIIIOHYBaHHSI aBTOMaTH30BaHUX BUPOOHUYMX CHCTEM Ha MEOJIEBHX ITiAMPUEMCTBAX.
HapniiinicTh 00siaiHaHHS Ma€ 3HAYHUN BIUIMB HA CTAOLIBHICTD MPOIECiB Ta (PaKTUUYHY MPOTYKTUBHICTh
ABTOMATU30BAHMX JIHINA. 3HKEHHS HAIIMHOCTI 3yMOBJIIOE€ 3HAYHE 3HIKCHHSI (PaKTUYHOI MPOAYKTHUB-
HOCTi aBTOMATH30BaHUX JIiHIH 1 3HIKEHHS CTAOUTFHOCTI TEXHOJIOTTYHUX OTEPAIIiid.

[TinBuiyBaTH HAIIHHICTH ABTOMAaTU30BAaHUX BUPOOHUYHMX CHCTEM JIOIIHHO 3a JOIIOMOTOIO PO-
3pO0JIEHHS CXeM KOMITIOHYBaHHsI OOJIaJHAHHS, CTPYKTYpPHO-TIApaMeTPUYHOI ONTUMI3aIlil, CTPYKTYpHO-
T'0 PE3epBYBAHHS Ta IMITAI[IHHOTO MOJICITFOBAHHS.

KarouoBi ciioBa: HaziiiHicTh 00agHAHHSA, TApaMeTp CTaOUIBHOCTI, TEXHOJOTIUHI MOKa3HUKH
e(eKTUBHOCTI, aBTOMATH30BaHI BUPOOHWYI CHCTEMH, IMITaAIlIiHE MOJECIIOBAHHS, CTPYKTYPHO-
napaMeTpuyYHa ONTUMI3allisl, pe3epByBaHHS.
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GENERALIZED ANALYSIS OF THE RESULTS OF THEORETICAL AND EX-
PERIMENTAL STUDIES OF THE CONVECTIVE DRYING PROCESS OF WOOD

Convective drying is the most common method of drying lumber and blanks, veneer and
chipped wood, shaped pieces and other wood products. The main equipment for drying veneer are
roller dryers. For drying the chipped wood that is used for manufacturing particleboards, powerful
drum dryers are mostly used where the drying agent is flue gases generated from the combustion of a
mixture of natural gas and sander dust. The use of independent sources of thermal energy in the pro-
cesses of drying veneer and chipped wood waste is an urgent problem, the solution of which allows
recycling a variety of waste wood in woodworking industry, furniture making, sawmilling, plywood
manufacturing and other industries, and also used wood which has exhausted its service life (post con-
sumer wood). The received results of theoretical and experimental studies are recommended for use in
woodworking and other industries that produce rotary-cut veneer and chipped wood, and enterprises
that manufacture products from rotary-cut veneer (plywood, furniture items, musical instrument ,etc.)
and also plants that manufacture products from chipped wood (particleboards, fuel briquettes and pel-
lets and other products).

Keywords: humidity, convective drying, lumber, blanks, wood drying, speed of drying, veneer,
chipped wood, heating.

Convective drying is the most common method of drying lumber and blanks, ve-
neer and chipped wood, shaped pieces and other wood products. The basis for the char-
acterization of scientific and practical significance of the conducted research are the ob-
tained theoretical and experimental results which are covered in this work.

Wood drying is the most power-intensive process in woodworking industry. In
due time, most boiler plants were converted to natural gas or fuel oil, the fuel which has
high calorific value. But owing to the rise in prices of energy (natural gas and fuel oil),
manufacturers are forced to seek for alternative, cheaper energy sources. One of these
resources i1s a wood raw material as a dependable and renewable source of thermal en-
ergy. The scientists of some Western European countries and of Ukraine have devel-
oped a number of effective, independent sources of thermal energy, using wood raw
materials as fuel , namely: Vynske energie technik NV (Belgium), Politechnik Biomass
Energy (Czech Republic), “Hamech”, “Univeks” (Poland), “Krieger”, “Metallist”
(Ukraine), which have high efficiency (=90%). The main equipment for drying veneer
are roller dryers. They have a number of significant advantages over other kind of
equipment. Veneer is shaped between the rollers, which prevents the veneer warping.
During the movement of the veneer, the rollers further squeeze out of it some moisture
without consumption of thermal energy. In a roller dryer, the thermal energy is trans-
ferred to the material (veneer) by convection from the drying agent, by conduction
from heated rollers and heat radiation from the elements of the dryer.

In roller dryers, the drying agent can be steam-air mixture or flue gases. The
steam-air mixture is heated by the heaters, where the heat carrier is water steam with
pressure of 0.6-0.8 MPa. As a rule, water steam was produced by large boiler plants of
DKVr or DE types. However, such boilers used natural gas or fuel oil as a fuel, which
greatly increases the cost of generated thermal energy.
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For drying the chipped wood that is used for manufacturing particleboards, pow-
erful drum dryers are mostly used where the drying agent is flue gases generated from
the combustion of a mixture of natural gas and sander dust. Besides the production of
particleboards, chipped wood has been widely used recently for the manufacture of fuel
briquettes and fuel granules (pellets). When using wood waste, large boiler plants are
working inefficiently. Therefore, it is reasonable to use small thermal generating units
with a capacity of 1-2 MW of heat energy, which use crushed waste of wood raw mate-
rial as the fuel . There is a sufficient supply of wood raw material in Ukraine that can be
used as fuel. First, a large amount of logging residues, dead and unfit for economic pur-
poses wood. Secondly, waste from sawmill plants, furniture making, wood panel pro-
duction and other industries. Thirdly, the use of wood which has exhausted its service
life. Fourth, it is the woody biomass which is collected on the green plantations of fast-
growing wood species: willow, poplar, aspen, and the like. Thus, this paper deals with
the energy aspects of drying chipped wood, where the drying agent are flue gases de-
rived from the burning of wood raw material in thermal generating units. Among the
thermal generating units that are to be used to provide drying plants with heat energy
are modern boilers of domestic and foreign manufacturers. For drying chipped wood in
the production of fuel briquettes and fuel pellets, it is advisable to use small drum or
flash dryers, where the drying agent are flue gases obtained from the combustion of var-
ious waste wood. The use of independent sources of thermal energy in the processes of
drying veneer and chipped wood waste is an urgent problem, the solution of which al-
lows recycling a variety of waste wood in woodworking industry, furniture making,
sawmilling, plywood manufacturing and other industries, and also used wood which has
exhausted its service life (post-consumer wood) [5-12]. Western European countries
practise cultivating fast-growing wood species (willow, aspen, poplar) which are used
as fuel or for generation of synthesis gas. If dryers use flue gases as the drying agent ,
the gross calorific value of fuel from wood raw material is used then, which significant-
ly increases the energy efficiency of thermal generating units and drying plants.

The process of conducting the studies involved application of the research meth-
odology of heat-mass transfer processes of woodworking, namely, the theoretical and
graphoanalytical methods of determining the duration of drying, the kinetic coefficients
of the drying process and complex criteria describing the integrated process of heating
and drying of wood. To process the experimental results, we used mathematical plan-
ning, classical methods of experiment conducting, and mathematical statistics evalua-
tion of physical quantities characterizing the properties of wood (density, moisture con-
tent, anisotropy, shrinkage,...) as well as kinetic characteristics of the drying process
(rate of drying, factors of moisture conduction and moisture-yielding ability, the gradi-
ent of moisture content of wood, drying coefficient). Analysed were the methods of
calculating the components of heat balance of power plants in order to improve their
operation and increase the effectiveness of heat energy utilization.

Obtained applied scientific results. Modernization of roller dryers SUR-4.
The SUR-4 roller dryer is a steam-air dryer with a longitudinal loading of material and
transverse circulation of the drying agent which is heated by steam radiators. The drying
plants were reconstructed for the experimental studies. Axial fans were replaced with
more efficient centrifugal blowers which are placed on the ceiling of the dryer. In this
case, the first two fans (from the charging compartment) provided heat and circulation
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of the gas-air mixture for the first period of drying, and the next two fans provided con-
ditions for the second drying period. That is, it became possible to regulate the speed of
circulation and thermal regime in the two equal parts of the drying plant, which is the
original aspect of their modernization. As a result of double purification of products of
fuel combustion (waste wood), they are completely cleaned of soot and, at a high tem-
perature, fed into the distribution channel and through adjustable holes to the middle of
the drying chamber where they are mixed with the circulating nongaseous mixture.
Consequently, all heat energy that is needed in the drying process is the heat energy of
flue gases obtained from burning waste wood in the independent sources of thermal en-
ergy. Due to the modernization of the SUR-4 dryer, new results have been obtained
which differ significantly from domestic and foreign analogues, namely:

e the drying plant is converted to energy-saving heat supply — flue gases with a high calorific
value of fuel; the drying process in the drying plant is arranged zonally — for the first period of con-
stant drying rate and for the second period with slowing the rate of drying, with certain temperature

modes and circulation rate of the drying agent, which can be changed depending on wood species of
veneer sheets; the moisture content of wood is governed by the speed of the conveyor roller drive.

Improvement of drying plants of flash type. In drying plants of drum type
(with pneumomechanical movement of material) occurs a process of continuous con-
vective drying of chipped wood. These dryers are simple in design and are of adequate
performance. The drying process is regulated by the temperature of the drying agent, its
rate of circulation and the rotation speed of the drum and the angle of its slope. The
temperature of the environment, usually flue gases, can range from 350 °C up to 730 °C
at the inlet to the dryer. Outlet temperature of the drying agent, according to the operat-
ing requirements, should be taken from 50 °C up to 90 °C and governed by the circula-
tion rate. In flash-type dryers, you can create a two-step drying process due to the two-
circuit design. In the two-circuit drying plant, the process of chipped wood drying can
be divided into two periods: the period of constant (steady) speed of drying from the ini-
tial moisture content Wi to the critical value Wer, and the period of slow drying from
the critical value Wer to final moisture content W{. This division of the drying process
allows to intensify heat-and-mass transfer processes. Due to this improvement of drying
plants of flash type, it was possible to obtain new results which differ significantly

from domestic and foreign analogues, namely: the drying plant uses energy-saving heat supply
— flue gases with a high calorific value of fuel; the drying process in the dryer is divided into two peri-
ods, where the first period is of constant drying rate which occurs in the primary circuit of the dryer
and the second period of the slow drying rate in the second circuit of the dryer with individual temper-
ature regimes and circulation rate of the drying agent, depending on particle size of shredded wood, in-
itial and final moisture content of the wood in a separate circuit.

Practical results of theoretical and experimental studies of drying processes.
The following new practical results were obtained as a result of studying patterns of
heat-and-mass transfer:

e solving the problems of kinetics of the drying process by experimental drying curves, the
curves of drying rate and the variation of temperature in the course of time made it possible to develop
a methodology for determining the intensity of heat exchange and mass transfer, which gives suffi-
ciently accurate results for practical use; solving the system of equations of heat-and-mass transfer ac-
cording to the corresponding initial and final boundary conditions allows determining the moisture
content and temperature fields in the wood, which is of practical use in determining values for humidi-
ty and temperature deformations and corresponding stresses characterizing the quality of wood;

e the drying process for rotary-cut veneer and chipped wood is divided into two periods of con-
stant and slow rates of drying for which experimentally were found values for the rate of drying, dry-
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ing coefficients, moisture conduction, moisture-yielding ability, which allows for synthesizing the cal-
culated dependences of the intensity and duration of drying on wood species, its moisture content and
density, temperature and humidity fields of the environment in the drying plants; solution of differen-
tial equations of drying rate in the periods of constant and slow rates of drying allows defining a list of
parameters that need to be found experimentally to transform theoretical equations into design ones in
order to determine the duration of drying processes and, accordingly, to determine the performance of
installations for wood drying; based on the law of conservation and transformation of energy, equa-
tions have been synthesized that characterize the heat balance at the interface of phases “environment-
the surface of the material” during drying which determine, in one case, the amount of heat energy re-
ceived from the environment that is used for heating of the material and evaporation of moisture, and,
in the second case, characterize the mass flow (moisture) inside the material, that is, practically deter-
mine the values for moisture conduction and moisture-yielding ability of wood; the possibility has
been proved for flue gases, cleared of sparks and subjected to double purification from smoke and
soot, to be used in the drying processes not only of veneer wood, but lumber and blanks as well;

e based on the analysis of the results of experimental investigations on the process of drying rota-
ry-cut veneer in the reconstructed roller-drying systems, the authors derived dependences of the tem-
perature of the drying agent and the speed of circulation in various areas of the dryer on moisture con-
tent of the veneer, which makes it possible to divide the drying process into two periods and actually to
regulate the intensity of veneer drying process; based on the analysis of the results of experimental in-
vestigations in the two-circuit flash drying plant, there were developed operating parameters — temper-
ature of the drying agent at the entrance to the first and the second circuits as well as the recommend-
ed circulation rate; based on the results of experimental studies on rotary-cut veneer and chipped
wood, a technique was developed for determining the technical- and-economic performance of recon-
structed roller drying plants and pilot plants of drum and flash types, namely their productivity, dura-
tion and cost of the drying process; Based on the mass of moisture that evaporates during drying of ro-
tary-cut veneer and chipped wood, the dependence of drying rate on the temperature of the drying
agent was identified and mathematically described, and, in the end, the desired thermal power of the
heat-generating unit was determined.

Conclusions. The above results of theoretical and experimental studies are rec-
ommended for use in woodworking and other industries that produce rotary-cut veneer
and chipped wood, and enterprises that manufacture products from rotary-cut veneer
(plywood, furniture items, musical instrument ,etc.) and also plants that manufacture
products from chipped wood (particleboards, fuel briquettes and other products).
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YK 674.047 Ilpog. 11.B. bineit, 0-p mexn. Hayk;
acnipanm P.O. Poxynv; acucm. O.M. Kywunim — HIITY Ykpainu

¥Y3arajabHeHUil aHATI3 pe3yJIbTATIiB TEOPETHYHUX Ta eKCIePUMEHTAJBHUX J10-
CJIi’KeHb KOHBEKTHMBHOI0 NPOLeCcy CYIUNiHHS AepeBHHA

KoHBEeKTHBHE CYIIIHHS € HAUTIOMUPEHIIITNMM CTIOCOOOM CYIIIHHS TUJIOMAaTepiajiB 1 3ar0TOBOK,
IINOHY Ta MoApiOHEHO1 AepeBUHHU, NMPODITLHUX Ta IHIINX BHPOOiB 3 AepeBUHU. OCHOBOIO IS Xapak-
TEPUCTUKH HAYKOBOI 1 MPAKTUYHOT 3HAYMMOCTI TIPOBEICHUX JOCTIKEHb € OTPUMaH1 HOB1 TEOPETUYHI
Ta EKCIePUMEHTaNIbHI pe3yabTaT. OCHOBHUM 0O0JaIHAHHAM JUIsl CYIIIHHS IITOHY € POJMKOBI CyIIap-
kiu. BOHM MarOTh ps ICTOTHUX TepeBar B TMOPIBHSAHHI 3 IHIIUM OOJaJgHaHHAM. MDK pOJIMKaMU
bikcyeTbes hopma mmony, To0TO 3anodiraeThes Moro aedopmartis-xkonooieHns. Ponuku npu pyxosi
IIMOHY J0JaTKOBO BUYABIIOIOTH 3 HHOT'O YaCTUHY BOJIOTH 0€3 BUTpAT TEIUIOBOi eHeprii. B ponukoBux
CylIapkax TeIuIoBa €HEepris M0 Marepiany (IIMOHY) MEepeaaeTbcsl NMUIIXOM KOHBEKINi BiJ areHra
CYIIIHHS, OUIAXOM KOHJIYKIIIi BiJl HarpiTUX POJHKIB Ta TEIJIOBUM BHUIIPOMIHIOBAaHHIM BiJ €JIE€MEHTIB
cymapku. J[ns cymriHHS moapiOHEHOI JepeBUHHM, IO e HAa BHPOOHHUIITBO JACPEBHHHOCTPYKKOBUX
IUTUT, B OCHOBHOMY, 3aCTOCOBYIOTh TOTYXH1 OapabaHHI CylmIapKu i€ areHT CYIIIHHS — TOIKOBI Ta3H,
SIK1 YTBOPIOIOTHCS BiJI CITAIIOBAHHS CYyMIIlll IPUPOIHOTO ra3y Ta nurdysanpHOro mry. Kpim BupoO-
HUIITBA JIEPEBUHHOCTPY)KKOBUX IUIUT MOJPIOHEHY JEPEBHHY B OCTaHHIN 4Yac IIMPOKO BUKOPUCTOBY-
I0Th JIJI1 BUTOTOBJICHHS TAJIMBHUX OPWKETIB 1 MaJTUBHUX TpaHyn (menetiB). Ha Biaxomax 3 gepeBUHU
BEJIMKI KOTEJIbHI YCTAaHOBKH MPAIIOIOTh HeeeKTUBHO. OTXKe, TOIUIBHUM € 3aCTOCYBAaHHS HEBEIMKHX
TEIJIOBUX arperaTiB MOTYXKHICTIO 70 1-2 MBT TemmoBoi eHeprii, KOTpi, K MajJuBO BUKOPHUCTOBYIOTH
nopiOHEeHi BiAXOAM 3 JAEPEBHOI CUPOBUHH. BHKOpHCTaHHS aBTOHOMHUX JiKEpell TEIIOBOi eHeprii B
mpoliecax CYyIIiHHS IIMOHY 1 TOAPIOHEHOT IEPEBUHM € aKTyaJIbHOIO MPOOJIEMOI0, BUPIIIIEHHS KO J10-
3BOJISIE YTHJII3YBaTH Pi3HI BIAXOIU JIepeBOOOPOOHMX, MEOJIEBUX, JICOMMWIBHUX, (paHEPHUX Ta THIIUX
BUPOOHMIITB, & TAKOXK Y)KUBaHY JIEPEBUHY, sIKa BUUEpHaia CBii TEPMiH eKCILTyartaiii. SIKio B cymap-
KU TIOAAIOThCS TOMKOBI I'a3H, SIK areHT CYIIIHHSA, TO BUKOPHCTOBYETHCS BHINA TEIUIOTBOPHA 3JaTHICTh
najgnBa 3 JIEPEBHOI CUPOBUHHU, 110 3HAYHO MiJBUIYE CHEPTETHYHHN KOE(IIEHT KOPUCHOI il Terio-
BUX arperariB i CyIIWIbHUX YCTAaHOBOK. B mpolieci BUKOHAHHS TOCIIKEHHSI BAKOPUCTAHO METOJI0JIO-
Ti0 JOCIIHKEHHS TETUIOMAacCOOOMIHHHMX TIPOIIECIB JEPEBOOOPOOKH, a caMe TEOpEeTUYHI Ta rpadoaHalti-
THUYHI METOJIY BU3HAYEHHS TPUBAJIOCTI CYIIIHHS, KIHETUYHUX KOE(DIllI€HTIB MPOLECY CYIIiHHS Ta KOM-
MJICKCHUX KPUTEPIiB, IO IHTETPOBAHO OMUCYIOThH MPOIIECH HATPIBaHHS Ta CYIIIHHS JEPEBUHHU.

OTpumani pe3ynpTaT TEOPETUYHHUX Ta EKCIEPUMEHTATBHUX JOCIIIKEHb PEKOMEHIY€E€ThCS BU-
KOPHUCTATH B JIEPEBOOOPOOHI Ta 1HIIUX Tajay3sX MPOMHUCIOBOCTI Ta MiJMPUEMCTBAX, [0 BUPOOIISIOTH
JYIIEHUH MIMOH Ta MoJApiOHEHY JepeBUHY Ta HA MiANPUEMCTBAX, SKI BUTOTOBJISIOTH MPOIYKIIIIO 3 JIy-
nieHoro mmony (daHepy, MebseBl BUpOOH, MY3WYHI IHCTPYMEHTH TOIO) 1 MOJAPIOHEHOT ACPEeBUHU
(IepeBUHHOCTPYKKOBI IUINTH, AJMBHI OPUKETH 1 IEJIETH Ta 1HII BUPOON).

Kuiio4oBi cji0Ba: BOJIOTICTh, KOHBEKTHBHE CYIIIHHS, MHJIOMAaTEpiain, 3arOTOBKHU, CYIIIHHS JIe-
PEBUHM, MIBUIKICTh CYIIIHHS IIIOHY, I€PEBUHHA CTPYKKa, POLIECH HATPiBaHHS.
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TECHNICAL AND ECONOMIC ANALYSIS METHODS
OF MANUFACTURING CURVED BLANKS

In this article are present of the ways to get curved pieces. For comparison selected four vari-
ants of the technological process: Cutting out of curved pieces from glued on the smooth surface of
panel; Cutting out of curved pieces sections, glued in length on toothed tendons; Bending of solid
wood; Bending with simultaneous gluing. The basis of calculations chosen curved work piece, calcu-
lated the need for raw materials, developed technological processes, calculated energy needs, calculat-
ed the cost-effectiveness of each option. The priority of making curved pieces by bending solid wood
on a number criterion was proved.

Keywords: wood, bending, curvilinear workpieces, technology, analysis.

Modern Furniture production observed a wide variety of designs shapes and siz-
es, high quality of workmanship, original design. To ensure these options in goods are
increasingly using parts of curved shape. In our opinion, the most complete classifica-
tion methods of manufacturing curved pieces presented Voytovych and Gayda [1-12]:
The cutting of massive workpieces (sawing, milling, milling copying, sharpening).

By bending (solid wood, with simultaneous gluing, sawed pieces, weaving).
By pressing (solid wood, flat blanks, wood-adhesive composition).
By burning of laser.
The last two methods are not widely used because it has a number of shortcom-
ings that limit the use of tanbarks. Therefore, they will not analyze.

The raw material for the manufacture of curved blanks obtained by the first and
the second method is used, respectively, solid wood and sliced or rotary veneer. The
process in each case is different, and for its implementation need specific equipment,
certain size of plant, specific power inputs and other factors. No clear data on the effi-
ciency of different methods for curved shape pieces.

The technological process of manufacturing a curved piece from solid wood in-
cludes: sawing straight piece; creation of base surfaces; gluing pieces in the panel; tech-
nological shutter; calibration of panel; layout and sawing curved piece; primary pro-
cessing of the workpiece; provide blank forms of detail.

The process manufacturing of bent piece of solid wood includes: making
straight piece; plasticizing it before bending; bending; drying; primary processing of the
workpiece; provide blank forms of detail. The process of manufacturing the curved
pieces by bending thin layers of wood with simultaneous gluing them requires the fol-
lowing operations: manufacture thin layers of required size; applying glue; the for-
mation of the package; bending the package while gluing it in the block; technological
exposure of primary processing of curved units; provide blank forms of detail.

Given the above, we can draw the following conclusions:

e modern furniture and other wood products are increasingly use parts curved shape;

e there are some ways to manufacture parts curved shape;

e cach method has the special characteristics: raw materials (lumber or piece of solid wood, rota-
ry or sliced veneer); the cost of raw materials per unit of output; technology, tools and equipment; size
of shop; auxiliary shops, offices and services; number of employees and their qualifications; power in-
puts (electricity, steam, water);

e the total for each method is surgery to provide of the workpiece shape of detail;

e as aresult — each method has different efficiency (cost) of production;

e definitive data on the efficiency of a method of obtaining blanks curved shape there.
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The aim of the development process is the production of finishing pieces curved
shape. Shape of pieces is important, because it affects a large extent the structure of the
technological process, the content of technological operations, methods of processing
workpieces and overall efficiency of the process.

They chose a blank rectangular cross-sectional shape curved in the shape of a
semicircle with the internal radius of 200 mm. Work piece dimensions: length — 688
mm, width — 33mm thickness — 19 mm. This blank can be used as a side-bar, or armrest
bar or blank of chair seat. In this paper selected four options for making curved shape of
the work piece (Table. 1).

Table 1. Methods manufacturing of curved pieces

Version Content Works
number
Sawing straight blanks, primary processing, adhesive gluing on the width on the smooth
Variant I | surfaces, technological exposure, sawing curved pieces (Fig. 1), the primary processing of
workpieces.
Sawing straight blanks, primary processing, milling finger joint, bonding pieces in length
Variant II | on finger jointin form piece, technological exposure, sawing curved pieces (Fig. 2), the
primary processing of workpieces.
Variant Sawing straight blanks, blanks plasticizing, bending of solid wood, drying preparations,
111 primary processing of workpieces.
Variant | Layout of veneer, cutting of veneer, applying adhesive, forming of glue package, pressing,
1\ cutting units, primary processing of the workpiece.
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Fig. 1. Scheme obtaining of blank from panel board
obtained by gluing bars on the smooth surface at width.
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Fig. 2. Scheme obtaining of blank from panel obtained
by gluing bars finger joint in length

The comparative analysis should be carried out by comparing the characteristics
of the process that uniquely characterize of it. One of the main parameters in our opin-
ion, 1s the cost of production per unit. For it obtain necessary: to calculate the need for
raw materials (Table 2); work out technological process; determine the list of techno-
logical equipment and workplaces (Table 3); determine the optimal production pro-
gram; determine the need for labor (Table 4); determine the size of the building depart-
ment (Table 5); calculate energy needs (electricity (Table 6), steam (Table 7), water
(Table 8)); determine the cost of labor protection, safety and environmental protection.

Table 2. Summary norms of raw materials for productioncurved pieces.

Consumption of materials
Ne Materials name S | Ontne work- | On the program | Optimal pro-
piece for 100000 pcs gram
1 2 3 4 5 6
Variant [ (cutting) 115000
pcs
1 Hardwood lurE;bnelr thickness 40 N 0,00522 597 600.3
2 Polyvinyl acetate glue kg 0,031 3100 3565
Variant II (cutting) 110000
pcs
1 Hardwood lun;;bnelr thickness 25 N 0,00484 484 532.4
2 Polyvinyl acetate glue kg 0,009 900 990
Variant III (bending of solid wood) ;SSOOOO
1 Hardwood lumber thickness 25 e 0.00128 128 230.4
mm
Variant IV (bending while gluing) 507:)000
1 Hardwood slise veneer, 0,8 mm m? 0,104 10400 18720
2 Rotary veneers from birch m’ 0,00090 90 162
3 Urea glue kg 0,046 4600 8280
4 Glue thread kg 0,00012 12 21,6
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Table 3. Summary list of production equipment

Variant | Variant 11 Variant III Variant [V
Name of Name of . .
Ne equipment equipment >, | Name of equipment Name of equipment
1 Hand-operated Hand-operated 1 Hand-operated Workplace for mark
crosscut off saw crosscutoff saw crosscutoff saw out
) Quartgrmg saw, Quartgrmg saw, | 4 Quart'ermg saw, Guillotine shears
trimmer trimmer trimmer
3 Hand jointer Universal circu- 3 Autoclave Veneer composer
lar saw
4 Workplace for Moldmg ma- 1 | Bender, bending rig Roller glue spreader
applying of glue chine
5 Clampl‘ng ma- Workplace for 1 Drying chamber Wo.rkplace for for-
chine applying of glue mation of packages
.. Clamping ma- - Press (40 pieces — 4
6 Hand jointer chine 8 Handjointer daylight)
7 Thlckn§sses Handjointer 1 | Thicknesser machine Band mill (resaw)
machine
8 Workplqce for Thlckn(?sser 1 Molding machine Universalcircularsaw
marking machine
9 Band mill (re- Workplape for 1 | Universalcircularsaw Handjointer
saw) marking
10 Sprlngle mguld- Band mill (re- 1 Thicknesser machine
ing machine saw)
1 Universal circu- Molding ma-
lar saw chine
Table 4. Calculating the number of workers
Variantof process Number of workplace Number of workers, people
I 13 9
11 20 13
111 10 7
1\ 11 6
Table 5. Summary list of production area, m?
Ne Assignment area Variantl Variantll VariantIIl VariantlV
1 Area occupied by facilities and 1915 250.8 169.7 1313
workplaces
2 Input the storehouse 11,43 10,14 4,39 4,34
3 Storehouse before glueing 1,32 1,18 --- 1,55
4 | Place the technological exposure 1,32 1,18 — 0,9
5 Production workshop area 333,2 430,5 287,2 225,6
6 | Area of sanitary and other offices 72 72 72 72
7 Area (size) of shop 432 (12x36) | 504 (12x42) | 360 (12x30) | 360 (12x30)
Table 6. Summary list of the annual electricity needs, KkWh
Variant process Power electricity Electricity for lighting and sanitary facili- | Total
ties
I 426104 8259,0 50869,4
11 58431,2 9603,6 68034,8
111 52215,6 6914,4 59130,0
1\ 67619,8 6914,4 74534,2
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Table 7. Summary list of the annual consumption of steam

. Annual consumption of steam, tons/year
No Type of consumption I I i v
1 Technological needs - - 631,2 300,8
2 Heating and ventilation 153,9 183,3 122,0 124,6
3 Domestic needs 6,8 9,8 5,3 4,5
Total: 160,7 193,1 758,5 4299

Table 8. List of water consumption

Variant process Technology needs Domestic needs Agilenesgsﬁre Total
2 3 4
--- 146,3 23 169,3
11 --- 211,3 23 2343
11 --- 113,8 23 136,8
1V 9,9 97,5 23 130,4

The subject of research is the formation of the cost of production (production
costs) curved wooden pieces under conditions different technological approach to man-
ufacture. Background research is no debate because the enterprise cost as a whole, and
individual processes in particular, play a significant role in its activities. They limit
profits and thus affect the amount received for the further development of the enterprise
resources. The enterprises costs the determine the minimum price of products under the
break-even point or an additional request — a variable cost and widely used in pricing if
the use of the planned profit and profitability. On the other hand, the costs of the enter-
prise determine its price competitiveness, the use of price methods of competition and
stock financial strength of the available market conditions [4].

Value is not only the total value of the enterprise costs, but also their structure,
on the one hand, points out features of the enterprise and its shortcomings, on the other
— describes the capabilities of its development and potential risks. The structure of the
full cost per unit of output clearly shows their distribution by divisions and functions of
the company, and also allows you to identify the reserves to reduce costs.

One of the key issues in the theory of cost are factors that influence on their
formation. Recognition of the impact of factors on the cost, they allow accounting costs
affect the company. The impact of factors on costs expressed quantitatively and qualita-
tively. Alone impact can be strictly deterministic or correlation, not always linear char-
acter. Among the factors that affect the cost of enterprise, distinguish: prices of re-
sources and their quality, the actual value of resources, employment intensity of labor
and machinery and the corresponding level of productivity, organization of production,
scale of enterprise, production program, and other. Analysis of the cost of technological
process manufacturing of the curved pieces are an important part of the total production
cost management. This manufacturing process can be performed using different tech-
nologies, which differ in resource consumption. Selection of the optimal technology op-
tions, depending on the price of certain types of resources and the necessary economies
of scale may be the manufacturer of that blanks taking into account other limiting fac-
tors. For financial analysis of the costs of production variants of curved pieces should
set certain parameters of the source data that are relevant to the settlement date for each

of them: prices of raw materials; transportation and procurement costs for raw materials (12,0 % of
their purchase price); reverse the price of waste (for remanufacturing , for fuel); standard stock of raw
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materials for the uninterrupted organization of the process (30 days); average wages of one production
worker; average tariffs for energy; cost of 1 m? production area of shop; depreciation deductions (pas-
sive of fixed assets — 7,76 % active part of fixed assets (equipment) — 21,93 %); equipment cost (aver-
age for local dealers of various firms — manufacturers); purchase and installation costs for the process
equipment (20,0 % of their value); repair costs (4,5 % of the assets); the cost of labour protection (7,0
% payroll of major workers); other expenses (administrative, maintenance and shop equipment, etc. —
15,0 % of the previous costs).

Given the above, it was determined the cost structure of production of curved

wooden pieces for different variants of the process (Table 9).

Table 9. The cost structure of manufacturing curved wooden pieces for different
variantsof the process (% %)

Project variantstechnology

Ne Elements of cost I I i v
1 Materials (net return of waste) 72,5 66,3 57,1 59,4

2 Energy costs 1,5 2,1 6,8 6,1
3 Wages of production workers with deductions 8,7 13,3 14,5 13,3

4 Depreciation and repair costs 3.8 4,6 7.2 7.8
5 Other expenses 13,5 13,7 14,4 13,4
Total: 100,0 100,0 100,0 100,0

Financial and economic aspects of comparative analysis can be the key to manu-
facturers in the decision on the optimal variant of the process for change of certain mac-
roeconomic conditions. Another important, for any investor index is a measure of capi-
tal intensity (or the amount of investment costs per unit of output).

Therefore, to ensure the completeness of this comparative analysis it will add
two more specific (for 1 blank) parameters: performance (or the efficiency of use of
production space) and capital intensity (or the amount of investment costs per unit of
output) (Table 10). To calculate this index options for the project took into account the
investment costs for the construction of production facilities and the necessary equip-
ment, and the cost of raw materials for the production of billets at the rate of creation of
the 30-day reserve (investments in working capital). However, these costs amount to the
amount of total investment for each of the variants. Dividing it into optimal program,
we get an indicator of capital intensity per unit. These calculations indicate the un-
doubted advantage of the last (IV) version of the technology in two given criteria: effi-
ciency of production area and the level of unit production costs.

Table 10. Specific indicators of capital intensity and productivity products

Indexes Variant [ Variant II Variant 111 Variant IV
Production cost, $/pcs 3,32 3,27 0,99 0,61
. . . 2
Productivity (remoym g products fgom l m 266 218 500 750
of production area) pcs/m

Adding to this figure calculated earlier figures material capacity, wages capaci-
ty, power capacity and a mort capacity, can present them in the form of graphics for
your specific economic indicators (Fig. 3).

Plots demonstrates a significant difference between the options for raw materials
intensity (raw materials) and capital intensity (investment property). Changing macroe-
conomic conditions that may result in increasing the value of these resources will spur

26




the adoption of the manufacturer of the decision on choosing the optimal variant manu-
facturing technology of curved pieces.

Fig. 3. Specific indicators of

Performance efficiency curved production capacity re-
pieces, S/ pcs sources

for the various versions

manufacturing process

From the above
graph shows that the most
attractive options for process
manufacturing curved pieces
is an variant III and IV. In
: terms of appearance and
& & &7 workmanship bending

) \'b\l‘—y'. &f—,
e a2 o <& RN . .
& > ¢ ks : curved pieces of massive
; : ; : wood (variant III) has clear
Variant | Variant Il Variant Il Variant IV

advantages on all levels.
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TexHiK0-eKOHOMIYHUIT aHAJII3 CI0CO00IiB BUTOTOBJICHHSI KPUBOJIIHIHUX 3ar0TOBOK

[IpoananizoBaHO COCOOM OTPUMAaHHSA KPHUBOJIHIMHUX 3aroTOBOK. JlJIsi MOpIBHSAHHS BHOPaHO
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HHX 3arOTOBOK THYTTSIM MAaCHBHOI IEPEBUHH 32 PSAIOM KPHTEPIiB.
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THE STUDY OF THE BLOCKBOARD SHAPE STABILITY
DEPENDING ON THE DESIGN

The existing designs of blockboards are analyzed. Experimentally investigated was the influ-
ence of the core structure of blockboard and methods of joining its elements on the shape stability and
dimensional change after the manufacture.

Keywords: wood, blockboard, core, structure, shape stability.

Relevance of the problem. Currently, manufacturers of panel-form materials are
developing new materials for the purpose of obtaining various designs, environment-
friendly and with the possibility of expanding the scope of application. However, the
ordinary blockboards (coreboards), which are often used, for example, for the manufac-
ture of the door leaf, do not become irrelevant.

One of the problems in the production is to ensure the dimensional stability and
shape of the blockboard, which is important during its operation.

The purpose of the study was to determine the characteristics which are important
during operation — warping and waviness — depending on the design of the blockboard.

Studies were conducted to determine the shape stability of such boards for vari-
ous design options, as well as calculations were made to determine the economic feasi-
bility of manufacturing such material. The object of the study was a blockboard — panel
of strips (block), sandwiched between two layers of rotary-cut veneer.

Analysis of the research and publications. Despite the variations in colour and
texture offered by manufacturers of laminated chipboard, modern furniture design dic-
tates fashion for style solutions. This can be, for example, large working surfaces of a
large thickness. There is a growing demand for lightweight construction materials, al-
lowing to significantly reduce the use of wood and logistical costs of the furniture parts
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and ready-to-use furniture. This encourages the active development of panel-form mate-
rials with different types of core [3, 5, 10, 12].The use of "forgotten" panel-form materi-
als of a frame structure with different types of core in the manufacture of cabinet-type
furniture allows obtaining the properties of a perfect surface, high surface hardness and
impact resistance. With modern adhesive materials and high-precision equipment, you
can create panel structures from natural wood of the desired configuration and thick-
ness. In addition, such designs are environment-friendly since they contain significantly
less amount of harmful emissions from adhesives as compared to laminated and faced
wood particleboards.

Blockboard is a product that has been present in our market for a long time. It is
used for the manufacture of furniture, doors, partitions, floors, and sometimes walls in
residential buildings, car-building, shipbuilding and other industries. With today's short-
age of wood resources, it is important to use post-consumer wood in the production of
blockboards [1-10]. A classical blockboard consists of strips glued together (the bulk of
blockboard), faced with 3 layers of veneer — two rotary-cut-veneer layers, glued perpen-
dicular to each other, and the outer ply is made of sliced veneer. If the boards are not
faced with sliced veneer, then there are only 2 layers of rotary-cut veneer over the bulk.

Blockboard is traditionally considered to be the best material for manufacturing
high-quality furniture. It is durable and lightweight structural material. Blockboards are
environmentally benign in production and application.

This type of panel-form material was the main substitute for solid wood in the
manufacture of furniture products, but with the development of wood particle- board
production, its share in furniture making significantly decreased. One of the disad-
vantages of blockboards is the change in dimensions and shape after fabrication. The
indexes of shape stability are different for different designs, but the blockboard of type
NR (HP) [14], with the core composed of strips which are not glued edge-to-edge, shall
be considered as having the greatest shape stability. However, the blockboards of this
type are the least strong, the strips, during the manufacture of the blockboard, are con-
nected with a twine for fixation, the strength of the blockboard is provided only by ad-
hesive bonding ° strip — veneer facing’.

Blockboards of types SR (CP) and BR (BP) have better indexes of strength [13,
14], due to glueing of the core strips by edge to edge. Here the core strips form a solid
basis, and in combination with facing — a rugged structure. Warping of such panels is
higher than that of panels NR (HP).This is due to the mutual deformation of the core
strips, glued to form a blockboard. The warpage rate depends on the relative position of
the annual rings in adjacent strips, the slope of grain, the presence of defects, etc.

The problem of shape stability has been solved in various ways, in particular, the
methods proposed in the patent by V. Pyatkov, A. Voyakin “A method of manufactur-
ing blockboards* [11].

The performance of this task is ensured by the fact that, before laying the block-
board, the adjacent strips of the basis are fastenedby brackets on the upper and lower
planes. Fig. 1 shows the structure of a blockboard using steel brackets.

The blockboard core is formed from thickness-calibrated strips 1. The adjacent
strips in the core are fastened by brackets on the upper and lower planes 2 at a certain
distance from the end of the core. Then the core is sandwiched between two layers of
sheet wood material 3, for which can be used natural veneer, plywood, synthetic veneer,
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fibreboard. The core is placed between layers of sheet wood material whose surfaces,
adjacent to the core, are coated with adhesive ,with the subsequent retention of the
formed blockboard in the press.
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Fig. 1. A method for manufacturing a blockboard by fastening strips
with steel brackets: 1 — core strip, 2 — steel bracket; 3 — facing

This method of manufacturing blockboards, according to the authors [2], allows
obtaining a blockboard with greater rigidity, compared to blockboards of type NR (HP),
and with the preservation of its shape stability. Jointing of adjacent strips with brackets
simplifies the technology of manufacturing a blockboard since there is no gluing opera-
tion of strips compared to the production of a blockboard of type NG (HI").

Methods of the studies. The study of the blockboard shape stability, depending
on the design, was carried out according to the following procedure:

Blockboard design. The basis (core) of blockboards was made of softwood
strips, 450 mm long, 19 mm thick, and 20, 40 and 60 mm wide.

Facing — rotary-cut veneer, birch, 1.15 mm thick. Adhesive — PVA dispersion,
class D3. The glue was applied manually with a glue spread of 150-200 g/m?.

The fabricated specimens of blockboard were 450x450 mm in size, with three
widths of core strips for three design types of blockboard. The study was conducted at
the training and production workshop of the Department of furniture production tech-
niques and wood products of the UNFU.

The length, width and thickness of the blockboards, waviness and warpage were
controlled according to the requirements [13, 14].

Results of the studies. The research was conducted by monitoring the block-
boards’ parameters 24, 48 and 72 hours after the blockboards were unloaded from the
press. As it turned out, after the processing the experimental data, the deviation in the
values for shape stability (waviness and warpage) is observed for different core strip
widths and this is influenced by the blockboard designs.

As follows from the experiments, the blockboard of type NR(HP) can be consid-
ered the best in terms of shape stability. This blockboard is made of strips that are not
glued together and its strength is provided only at the expense of the adhesive jointing:
the core strip face—veneer facing. This design, due to the fact that the core strips are free
in the transverse direction, enables war page of the blockboards. Such a design is incon-
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venient in manufacturing as it requires additional effort when pressing the blockboard —
the strips need to be fixed in the transverse direction.

The application of adhesive on the side surfaces of core strips improves the
strength of the blockboard. However, this leads to an increase in deformation of the
blockboard due to stresses, changes in humidity, the presence of defects in strips, incor-
rect stacking, etc. The third type of blockboard was a design in which the core strips
were fast end with one another by using steel brackets as described in [14].

Change in warpage of blockboard of type NR
(HP) for various time after fabrication
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Fig. 2. Warpage change in time for different types of blockboard:
a — for blockboard of type NR(HP) , b — for blockboard of type SR (CP),

¢ — for a blockboard in which the core strips are fastened with brackets

Conclusions:

1. As shown by the experiments, fastening the core strips with steel brackets has a positive impact
on the properties of the blockboard. In particular, the core will be sufficiently rigid and does not re-
quire transversal clamping when pressing.

2. In terms of shape stability, this blockboard is not inferior to the blockboard of type NR (HP)
with non-glued strips.

3. The amount of warpage for the above mentioned blockboard designs is the smallest for block-
boards of type NR (HP)and with fastening brackets is 1.78 and 1.79 mm/m, respectively, for the width
of core strip 40 mm.

4. Thus, the studies have shown that the design with fixed core strips can be applied to the manu-
facture of blockboards.
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5. Calculations of manufacturing costs to produce one square meter of blockboard for three de-
sign options with different core strip widths showed that the largest amount of material costs is for
blockboards with brackets and the blockboard of type NR (HP) is the cheapest.
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RESEARCH ON PHYSICAL AND MECHANICAL CHARACTERISTICS OF
FRONT BLOCKBOARDS MADE FROM POST-CONSUMER WOOD

The expediency of using post-consumer wood ( PCW) for material production is substantiated.
It is proposed to process PCW into blockboards (BB). Proposed are new designs of PCW-made block-
boards which are suitable for manufacturing furniture fronts. It was experimentally confirmed that the
physical and mechanical properties of front PCW-made blockboards meet the requirements of stand-
ards. Obtained are patterns of influence of the width of the core strips of the blockboard and the thick-
ness of the facing wood fiberboard (WFB) on dimensional stability, strength at static bending across
the strips and strength in shearing along the glue line of front PCW-made blockboards in the dry state.
Adequate regression models are obtained that can be used to describe a study object. Practical recom-
mendations are offered for the production and use of front PCW-made blockboards for furniture pro-
duction.

Keywords: wood, post-consumer wood (PCW), blockboards (BB), wood fiberboard (WFB), re-
cycling, front surfaces, BB designs, technologies, shape stability, strength.

Relevance of the research. At the beginning of the third millennium, the human-
ity of the planet started seriously thinking about the environmental problems. These
challenges also apply to forest resources, woodworking and furniture industries, sec-
ondary wood raw material reserves, postproduction wastes, primary production wood
residues, solid household waste and so on.

An additional, unused reserve of wood raw materials in Ukraine is post-consumer
wood (PCW) [1-19], the annual potential volume of which is about 2 million tons. In
most European countries, the problems of PCW utilization have been partially solved. In
Ukraine this issue at the Ministerial level has not been seriously discussed yet. Among
scientists and manufacturers of furniture and joinery products, as well as producers of
electric and thermal energy, sometimes there is a dilemma — whether to burn PCW or
give this wood a «second lifey.

The scientists of UNFU believe that the future of PCW is its material use [1, 2, 6,
7,10, 12, 13]. PCW will provide woodworking and furniture enterprises with additional
raw materials, reduce the amount of waste accumulation in landfills, improve the envi-
ronment of settlements, reduce carbon dioxide emissions from burning high-quality
PCW, preserve the primary forest resources, which is relevant.

Besides, the involvement of PCW in the creation of wood products will force en-
trepreneurs to create new technological solutions for the processing of this resource, and
scientists - to create new innovative non-standard wood products. All this requires con-
ducting research, testing and confidence in their reasoning, as well as environmental and
economic feasibility. Only a comprehensive and rational approach to the use of wood
material on the basis of economic and environmental considerations will become effec-
tive for the implementation and solving of the main tasks of the country in the field of
woodworking.

The problem of research. The problem today in this field is to prove to the pro-
ducer of Ukraine the expediency of using PCW materially, i.e. for the manufacture of
wood products. Today, entrepreneurs are mainly engaged in post-production wood
waste, which, unlike European ones, does not cover the whole segment of secondary
wood resources, one of which is PCW [14].
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The solution of this problem is complicated by the diversity of PCW, the lack of
technological solutions, practical recommendations, and the like. Scientists of Ukraine
in their writings suggest ways of material use of PCW, in particular for the production
of particleboards [3, 9, 11, 18], blockboards [2, 4, 6, 8, 19], the manufacture of elements
of structural furniture [1, 7, 10, 12, 13], bended workpieces [15, 16] and others.

The results of their research indicate that this problem has not been completely
solved, because the scientific basis and practical recommendations for effective produc-
tion processes with predicting the properties of PCW-made products have not yet been
developed in full [1-13, 15-19].

The implementation of this relevant idea in the production process should be
based on the substantiated scientific and technical base of the PCW material resources,
the development of resource-saving and environmentally friendly technologies, the de-
velopment of regime parameters, the formulation of practical recommendations and the
establishment of the patterns of impact of the PCW use on the physical and mechanical
indices of the obtained products, in particular front blockboards (BBs).

The purpose of the work is to study the feasibility and clarify the specifics of
PCW usage in the production of structural components of front blockboards (BBs).

The object of research are front PCW-made blockboards that are faced with
thickened wood fiberboards (WFB).

The subject of research are physical and mathematical models, patterns and
practical recommendations for the use of PCW in the technology of front blockboards.
The objectives of research:
to collect PCW;
to clean PCW which is suitable for material use;
to make front blockboards from PCW;
to determine the shape stability of PCW-made blockboards;
to determine the ultimate static bending strength across the strips;
to determine the ultimate strength in shearing along the glue line;

e to elaborate practical recommendations for the construction of front PCW-made
blockboards.

Materials and designs of front PCW-made blockboards. Blockboards are con-
structional materials that are made by sandwiching a blockboard core between two
sheets of veneer, a thin-walled plywood or sheets of fiberboard (2.5 and 3.2 mm thick).
To create experimental front blockboards, WFB sheets of increased standard thickness
were used — 4-6 mm (Fig. 1). On the faces of the manufactured PCW-made block-
boards, it will be possible to perform milling work and, in the future, to make front sur-
faces (doors), softforming, postforming.

Fig. 1. Cross-section examples of front blockboards for testing

34



The following materials were used to make new PCW-made blockboards intend-
ed to create front surfaces of furniture products:

e wooden strips of softwood species from used wood products (in particular, win-
dow and door frames and cases);

e hard fiberboard (hardboard);

e polyvinyl acetate adhesive (PVA) of the brand Jowat 103.05 D3.

To conduct studies, the designs of PCW-made blockboards were developed,
which would be used in the manufacture of front surfaces.

Basic characteristics of new structures of front PCW-made blockboards:

e the thickness of the PCW-made blockboard is 19 mm, which complies with the
standard GOST 13715-78 [21];

e the width of the core strips is from 20 to 40 mm, which complies with the stand-
ard GOST 13715-78;

e gluing strips by straight joints into a blockboard core;

e increased thickness of the fiberboard for facing the blockboard core, in particular
4.0; 5.0; 6.0 mm, the sizes of which comply with the standard GOST 4598-86 [25]. This
is determined by the need for milling works for front surfaces on both the faces and the
edges of the PCW-made blockboards.

Developed were designs for PCW-made blockboards of 3 groups according to
their thickness , and of 9 types according to the width of the core strips:

e the thickness of the fiberboard is 4 mm, the width of the strips is 20; 30; 40 mm (Fig. 2);

o the thickness of the fiberboard is 5 mm, the width of the strips is 20; 30; 40 mm (Fig. 3);

e the thickness of the fiberboard is 6 mm, the width of the strips is 20; 30; 40 mm (Fig. 4).

The laying of strips during the formation of blockboard core was done with con-
sideration for the grain slope, that is, on the principle of alternation, where the main was
radial slope with an angle of 60 to 90 degrees.

General methodology of research. To achieve the objectives, a comprehensive
methodology was developed that includes the following logical developments:

e methods of manufacturing front PCW-made blockboards;

e methods for determining the shape stability of PCW-made blockboards;

e methods for determining physical and mechanical characteristics of PCW-made
blockboards.
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Fig. 2. PCW-made blockboards structures faced with WFB 4 mm thick
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Fig. 3. PCW-made blockboards structures faced with WFB 5 mm thick

AR TELTETT
NNy BRI Vs BEEILS

L=\ VW /S A

A

IR GARRL
oV e

|

Fig. 4. PCW-made blockboards structures faced with WFB 6 mm thick

Methods of manufacturing front PCW-made blockboards. Since the research
was based on the study of the influence of the characteristics of the BB structural com-
ponents on the shape stability and the physical-and- mechanical characteristics of the
blockboards obtained, a B-plan of the second order was implemented (Table 1).

Also, an additional experiment was conducted in the center of the plan. The num-
ber of duplicated experiments is 3 for each type of facing: plywood and WFB. A total of
9 types of PCW-made blockboards were fabricated in order to implement the experi-
mental investigations based on the type of facing material (Figs. 2-4).

The prepared strips from solid pine (Bpcw) were made 20, 30 and 40 mm wide.

In each blockboard core were presented strips of the same width.

Each of the variant blockboard core was faced fiberboard (Hwrg) 4.0, 5.0, and 6.0
mm in thickness.

Constant factors in this study of manufacturing front PCW-made blockboards
were as follows: relative humidity — 60-65 %; air temperature — 18-20 °C; atmospheric
pressure — 736 mm Hg; the air circulation velocity — v = 0 m/s; the level of airborne
dust; Jowacol 103.05 PVA adhesive; method of application (roll); press temperature;
press time; pressure; equipment; volume of the room.
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Table. 1. Planning matrix for B-plan with two variables

Experiment . Input factors values in the experimgnt
No in natural value in coded value

] Brcw, mm Hwrs, mm X1 X2
1 20 4 -1 -1
2 40 4 1 -1
3 20 6 -1 1
4 40 6 1 1
5 20 5 -1 0
6 40 5 1 0
7 30 4 0 -1
8 30 6 0 1
9 30 5 0 0

Front PCW-made blockboards technology. The general production process for
obtaining PCW-made blockboards can be divided into several stages:
e preparation of the core strips made from PCW;
e cutting of panel woodfiberboard components of blockboards;
e manufacturing the core;
e manufacturing the PCW-made blockboard.

The preparation of wooden strip components of blockboards involves PCW
cleaning from fittings and other foreign matter, destruction of finger joints and cutting
out defective spots, cleaning wood surfaces from paint and varnish materials, face plan-
ing, wood ripping, double-surface milling of edges, trimming to a length of 480 mm.

Preparation of facing decks from WFB involves dimension cutting into a size of
520%520 mm.

Obtaining of blockboard core involves selection of strips according to the strip
width, annual rings angle, applying glue to the strips edges with the glue spread of 200-
250 g/m?, clamp bonding (operation parameters: temperature — 85-90 °C; soaking time —
30-40 min; pressure — 0.5-1.0 MPa), technological conditioning (humidity — 60+5 %;
temperature — 20+2 °C) for 8-12 hours; double-side milling up to 11, 9, 7 mm respec-
tively for WFB with a thickness of 4.0; 5.0; 6.0 mm; dimension cutting into a size of
480%480 mm.

The final stage of blockboard manufacturing comprises the following steps: ap-
plication of glue to the blockboard core with glue spread of 150-200 g/m?, the formation
of package, facing in a flat press (operation parameters: temperature — 115-120 °C; press
time — 4-6 min; pressure — 1.2-1.3 MPa) technological conditioning (humidity — 60+5%;
temperature — 20+2°C) for 4-8 hours; cutting on the perimeter into dimension of
440%440 mm.

Methods for determining shape stability of front PCW-made blockboards.

According to the requirements of the standard GOST 13715-78, warpage of the
blockboard can be no more than 1.5-2.5 mm, and rippling — 0.2-0.6 mm

The rippling of boards is determined by the maximum depth of the wave on the
surface of the board which is measured with an error of no more than 0.05 mm by indi-
cator of the type ICH-10 (MUY-10), according to GOST 577-68, fixed to the ruler slider,
it is applied to the board across the core strips at a distance of 200 mm from the edges

37




and in the middle of the length of the board, or by another measuring instrument that
provides the required measurement accuracy.

Warping of a blockboard is determined by the amount of the board sag, referred
to 1 m of the length of the board diagonal, placed on the verified horizontal surface. The
easiest way is to measure the sag with an error of no more than 0.1 mm by using the
ICH-10 type indicator, according to GOST 577-68, mounted on a ruler slider, and
which is placed along the board diagonal, or by another measuring instrument that pro-
vides the required measurement accuracy.

However, having a Computer Numerical Control Unit (CNC) for determining
planeness in our laboratory, (Fig. 5), the deflection S, as one of the main characteristics
of the shape stability, was measured directly by this unit immediately after the techno-
logical conditioning and under the same ambient conditions.

Fig. 5. CNC experimental set-up for determining shape stability
of PCW-made blockboards

The numeric readings of the IGC-(3)-25-0.01 indicator (readings are obtained to
an accuracy of 0.001 mm) were read with the help of the Microtech Excel company
software, type UIC-P1-SOM which was transferred to the Microsoft Excel environment
for recording. The readings from BB experimental specimens were taken in two direc-
tions: the direction along the grain-direction A, (along the length of BB strips), the di-
rection across the grain-direction B (across the width of the blockboards). The meas-
urements in each direction on the PCW-made blockboards were performed along 10
conventional lines, that is for a total of 20 imaginary lines with a pitch between them
being 40 mm (Fig. 6). As a result of measurements, 380 to 440 points were recorded for
each line.

Thus, one set of measurements resulted in sampling population of 7.600 to 8.800
(20%(280...440)). The sag value took the average value of this sampling population.

The experimental value of response function was obtained as a difference of the
average values of samples obtained in the first and the last measurement (in absolute
value). The results are presented in Table 2. The second set of measurements was per-
formed 7 days after the date of the manufacture of experimental specimens of PCW-
made blockboards. The measurements were performed once a week. The last set of
measurements was taken on the sixth week, the amount of sag for this measurement did
not differ from the previous one by more than 5%. Thus, six sets of measurements were
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performed during the study on shape stability of PCW-made blockboards. The value of
the sag was determined as the difference between the first and the sixth experiment.
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Fig. 6. Scheme of motion trajectory of the numerical indicator

on the plane of the blockboard

Methods for determining of physical-and-mechanical properties of front
PCW-made blockboards. According to the requirements of GOST 13715-78, the fol-
lowing parameters were subject to control:

e static-bending strength across strips;
e shearing dry strength along the glue line;

Test specimens for determination of static bending strength across strips were
made according to GOST 9625-2013 [24], which refers to GOST 13715-78 [21]. Spec-
imens selection, their quantity, making and preparing for testing was done according to
GOST 9620-94 [22]. The sprecimen’s thickness is equal to the thickness of the BB
h=19 mm, the specimen b=50 mm, and, the length 1,=15h=15-19=285 mm. When test-
ing the specimens whose length 1,=15h, the spacing between supports 1 is taken equal to
1=12h=12-19=228 mm (Fig. 7).

Test specimens for determination of shearing dry strength along glue line were
made according to GOST 9624-93 [23]. Selection of models of their manufacturing,
their fabrication and preparing for testing is done according to GOST 9620-94 [22]. The
shape and dimensions of test specimens for determination of shearing strength along
glue line should correspond to the 854019 mm dimensions with the kerf of 5 mm

(Fig. 7).

Fig. 7. Examples of front PCW-made blockboards for testing

To suit GOST 9625-2013 [24] for measuring static-bending strength across strips
the following guidlines must be followed: in order to determine static bending strength
across strips the laboratory test machine UMM-05 (GOST 7855-61) (Fig. 8)was used
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while the test machine PM-05 (GOST 28840-90) was used to determine shearing
strength.

Fig. 8. Test specimen a facades blockboard with a coreboard made from PCW and
face decks made from WFB at the moment of breakage

Static bending strength (ou) in MPa was calculated by the formula:
6u=3Pmad/(2bN°) (1)
The srtength along glue line 7e 1s determined in MPa by rounding the result to 0.05
MPa by the
Tex=Pmax/| (baclac) s (2)
where: Puax — maximum load, H; I — spacing between supports, mm; b — the width, mm;
h — the specimen thickness, mm; be, I« — the width and the length of the shear area,
mm.

Results of experimental studies. Complete factorial plan allows obtaining a lin-
ear dependence of the function of strength on the factors investiguted. For most part of
wood working processes the representation like this would be inadequate. Therefore,
other kinds of plan were used, that is plans by means of which one can obtain a mathe-
matical description of objects in the form of polynom of the second order (quadratic
model). At these plans, each factorxi varies at three levels, that is it takes one of the
three values in every test: the lowest X min the highest X; man and the mean X; o . At nor-
malized values, these levels are denoted respectively -L, +L, 0.

Generally, the regression model for k variable factors will read:

y:b0+ibi +zbn z +me l u’ (3)
i=1

iu=l

where: b, — free term; b; — linear regression coefficients, i=L,k; bi; — quadratic regression
coefficients; bi, — pairwise coefficients, u=L,k (i#u).

Results and discussion on shape stability of front PCW-made blockboards.

As a result of the experimental data processing, a second-order regression equa-
tion was obtained which describes the dependence of the sag on the width of the struc-
tural elements, i.e. the width of PCW-made strips (solid wood) — Bpcw (X1) and the
thickness of face decks made from WFB — Hwes (x2).

Graphical representation of the obtained regression curves is shown in Fig. 9 and
Fig. 10. The resulting regression equation in normalized values of variables takes the
form:
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y=0.137+0.016x,-0.072x,+0.006x;*+0.023x,7-0.003xx»,
While in natural values of variables it can be written as:
S =1.033 + 0.0005Bpcw — 0.293Hwrg + 0.00006Bpcw 2 + 0.023Hyrg?
—0.0003Bpcw Hwrs

4)

(5)
where: Bpcw 1s the width of PCW-made (solid wood) strip of blockboard, in mm; Hwes

is the thickness of face decks made from WFB, in mm; S is the averaged deviation from
flatness, that is the sag of blockboard, in mm.
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Fig. 9. Dependence of the averaged deviation S from flatness of the blockboards on

The deviation from flatness (sag) for accuracy degree 12 for all the experimental
specimens meets the requirements of the GOST 6449.3:1982 (Table 2).

the width of PCW-made strip (solid wood) — Bpcw (x1).

Table. 2. Comparison of experimental and calculated values
with the standardized values

Input variables, mm Objective (response) function, mm
natural values flatness tole.rance for block-
No. boards size 440x440 experimental value Yexp calculated value
Becw | Hwes degree of accuracy 12 Yeale
1 20 4 0.3 0.219 0.218
2 40 4 0.3 0.255 0.256
3 20 6 0.3 0.082 0.081
4 40 6 0.3 0.105 0.106
5 20 5 0.3 0.124 0.126
6 40 5 0.3 0.160 0.158
7 30 4 0.3 0.232 0.232
8 30 6 0.3 0.088 0.88
9 30 5 0.3 0.133 0.137

As can be seen from Fig. 9, increasing the width of PCW-made strip (solid wood)
leads to increased deviation S (sag). However, the dependence of the blockboard’s sag
on the thickness of face decks made from WFB is a reverse one (Fig. 10). It should be
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noted that the nature of the strip width effect on the average deviation S is nonlinear,
although it is possible with a certain probability to suggest the presence of tendency for
reverse (Fig. 9) and direct proportionality (Fig. 10).

The results of the experiments made it possible to optimize the width of strips us-
ing the gradient method, which revealed that the minimum deviation value Spi, = 0.076
mm, taken in absolute value, can be obtained by establishing dimensional parameters
for the width of the PCW-made strips of the blockboards as follows: Bpcw = 20 mm;
thickness of face decks made from WFB — Hyrg = 6 mm (Fig. 11).
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Fig. 10. Dependence of the averaged deviation S from flatness of the blockboards on
the thickness of face decks made from WFB — Hwrp (x2)
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Fig. 11. Dependence of the averaged deviation S from flatness of the blockboards on
the width of PCW-made and thickness of face decks made from WFB.
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Results and discussion of static-bending strength across strips of front PCW-
made blockboards. Having carried out statistical processing of experimenntal data we

have the following regression equation:

y=22.978-1.73x,-3.658x,+0.004x,*+1.008x,%+0.017x,Xa, (6)

When analysing the regression equation, we can see that the factor xz, certainly,

has the most influence on the output value of the function while factor’s x; influence is
significantly less. Besides, output values to decrease up with an increase in x; and x:
values. In order to determine equation coefficients in natural expression letus make use

of factors coding formulas which we insert into the coded equation.

ou = 84,044 — 0,26Bpcw — 13,8Hwrs + 0,00004Bpcw? + 1,008Hwrs? — 0,001 7BpcwHwes (7)
The static-bending strength across strips o, of front PCW-made blockboards 19
mm thick for all the experimental specimens, except for No.4, meets the requirements

of the GOST 13715-78 (Table 3).

Table. 3. Comparison of experimental and calculated values
with the standardized values

Input variables, mm Objective (response) function, mm
natural values static-bending strength across
No. strips ou, MPa experimental value Yexp calcul?ed value
Brcw | Hwrs blockboards 19 mm thick cale
1 20 4 20 29.048 29.395
2 40 4 20 25.926 25.901
3 20 6 20 22.020 22.046
4 40 6 20 18.966 18.619
5 20 5 20 25.084 24.712
6 40 5 20 20.880 21.252
7 30 4 20 27.966 27.644
8 30 6 20 20.006 20.328
9 30 5 20 22.755 22.978
Graphical representation of the obtained regression curves is shown in Fig. 12 and
Fig. 13.
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6 25000 124712 57 25,901
c ,
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Fig. 12. Dependence of the static-bending strength across strips o of the facades
blockboards on the width of PCW-made strip (solid wood) — Bpcw (x1).
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As can be seen from Fig. 12, increasing the width of PCW-made strip (solid

wood) leads to decrease static-bending strength across strips o,. The dependence of the
blockboard’s sag on the thickness of face decks made from WFB is similar (Fig. 13).
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Fig. 13. Dependence of the static-bending strength across strips . of the facades
blockboards on the thickness of face decks made from WFB — Hwrp (x2).

Thus, the static-bending strength of BB is influencer the most by the thickness of

face decks made from WFB while strip width being of little influence.

The results of the experiments made it possible to optimize the width of strips us-

ing the gradient method, which revealed that the maximum deviation value static-
bending strength across strips o, = 29,395 MPa, taken in absolute value, can be obtained
establishing dimensional parameters for the width of the PCW-made strips of the block-
boards as follows: Bpcw = 20 mm; thickness of face decks made from WFB Hwrg = 4
mm (Fig. 14).
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Results and discussion of shearing dry strength along the glue line of front
PCW-made blockboards. Having carried out statistical processing of experimenntal
data we have the following regression equation:

y=1.469+0.12x,-0.08x,-0.007x,?-0.139x,?+0.0005x, X2,

In order to determine equation coefficients in natural expression letus make use of
factors coding formulas which we insert into the coded equation.
Texk — 1,1 16 + 0,05375chw + 1,3085HWFB — 0,00007chw2 — 0,139HWFB2 —
0,00005BpcwHwrs  (9)
When analysing the regression equation, we can see that the factor Hwrg, certainly,

has the most influence on the output value of the function while factor’s Bpcw influ-
ence is significantly less. Besides, output values grow up with an increase in Bpcw val-
ues, output values teng to decrease as factor’s Hwrp value increases. Graphical repre-
sentation of the obtained regression curves is shown in Fig. 15 and Fig. 16.
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Fig. 15. Dependence of the shearing dry strength along the glue line t.« of the facades

blockboards on the width of PCW-made strip (solid wood) — Bpcw (x1)
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Fig. 16. Dependence of the shearing dry strength along the glue line t.« of the facades

blockboards on the thickness of face decks made from WFB — Hwrg (x2)
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The shearing dry strength along the glue line 7.« of front PCW-made block-
boards 19 mm thick for all the experimental specimens meets the requirements of the
GOST 13715-78 (Table 4).

Table. 4. Comparison of experimental and calculated values
with the standardized values

Input variables, mm Objective (response) function, mm
No. |_natural values shearing dry strength tc«, MPa experimental value calculated value

Brcw | Hwrs blockboards 19 mm thick Yexp Y cale
1 20 4 1 1.303 1.282
2 40 4 1 1.507 1.523
3 20 6 1 1.140 1.124
4 40 6 1 1.342 1.363
5 20 5 1 1.305 1.342
6 40 5 1 1.618 1.581
7 30 4 1 1.405 1.410
8 30 6 1 1.255 1.250
9 30 5 1 1.457 1.469

The results of the experiments made it possible to optimize the width of strips us-
ing the gradient method, which revealed that the maximum deviation value shearing
dry strength along the glue line t.« = 1.581 MPa, taken in absolute value, can be ob-
tained establishing dimensional parameters for the width of the PCW-made strips of the
blockboards as follows: Bpcw = 40 mm; thickness of face decks made from WFB Hwrg
=5 mm (Fig. 17).
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Fig. 17. Dependence of the shearing dry strength along the glue line 7.«
of the facades blockboards on the width of PCW-made strips
and thickness of face decks made from WFB
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Conclusions:

1. It has been proved that PCW is a suitable secondary raw material resource for
manufacturing front blockboards because this wood has a low moisture content (W =
8+3%) and stable internal stresses, which has a positive effect on shape stability — the
stress-strain state of the blockboards’ construction.

2. PCW-made blockboards’ constructions have been proposed which are suitable for
the manufacture of front furniture products.

3. Physical-and-mechanical properties of front PCW-made blockboards have rather
a high scattered field, nevertheless, they are subordinated to the law of normal distribu-
tion, which was confirmed by Pirson’s criterion when analyzing the sample of one hun-
dred speciment tested for static bending strength across strips, shearing dry strength
along the glue line, shape stability.

4. Physical-mechanical parameters of all front PCW-made blockboards 19 mm in
thickness, regardless of their design (thickness of the wood fiberboard) meet GOST
13715-78 requirements.

5. The highest level of physical-and-mechanical properties in front PCW-made
blockboards is found in the following conditions: Bpcw = 20 mm; Hwrs = 6 mm — shape
stability will be 0.082 mm; Bpcw = 20 mm; Hwrs = 4 mm — static-bending strength
across strips — 29.395 MPa; Bpcw = 40 mm; Hwrs = 5 mm — shearing dry strength along
the glue line — 1.581 MPa.

6. The patterns of the strip width and the influence of thickness of the woodfiber-
board upon shape stability, static-bending strength across strips and shearing dry
strength along the glue line of front PCW-made blockboards have been established.

7. The obtained regression models are adequate and, therefore, can be used to de-
scribe the object of study.

8. It is shown that in order to ensure high shape stability of PCW-made blockboards,
we must use wooden strips of predominantly radial cut with further facing with wood-
fiberboard 6 mm thick.

Recommendations for use of PCW-made blockboards:

1. To obtain shape stability and maximam static bending strength of BB across
strips it is recommended that the width of the strips used for the core of PCW-made
blockboard should not exceed its 2.5 — fold thickness.

2. To ensure shape stability of PCW-made blockboards which operate under condi-
tions of varying humidity, it is desirable to apply the 1:3 aspect ratio in the cross-section
of strips, while annual rings angle in the ends of the strips shall not be less than 45°.

3. To obtain front PCW-made blockboards ,whose surfaces meet the requirements
of the depth of milling, GOST 13715-78, it is enough to cover the core with woodfiber-
board 5-6 mm thick.

Practical advice and guidelines. Recommendations for design and technolo-
gies of front PCW-made blockboards 19 mm thick:

e strips moisture content — 8 + 2%;
for strips made from solid wood: width = 2.5 thickness,

(thickness 7 (9), width — 17.5 (22.5) mm);
strips arrangement — radial or at an angle of 45°;
facing — woodfiberboard 5-6 mm thick;
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e glue spread for the core — 200-250 g/m?; glue spread for a blockboard — 150-200

2

g/m?;
e clamp temperature for the core —85-90 °C; press temperature for the BB — 115-
125 °C;
e press time for the core — 30-40 min; press time for the blockboards — 4-6 min;
e pressure for the core — 0.5-1.0 MPa; pressure for the blockboards — 1.2-1.3 MPa.
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Hocaimxenns Qi3MKo-MeXaHIYHUX XapaKTEePUCTUK
(dacagHuX CTOJSIPHUX IUVIMT i3 BAKMBAHOI IepeBUHHI

OOrpyHTOBAHO JOIITBHICTH BUKOPUCTaHHS BxkuBaHOi aepeBuau (BXX][) nms ma-
TepiaJIbHOTO BUPOOHUITBA. 3anpornoHoBaHo mnepepodnsatu BXK/[ wva cTonmspHy miauty
(CII). 3anpononoBano HoBI koHCTpyKIii CII 13 BXK/I, siki € mpugaTHUMU 1Ji1 BUTOTOB-
neHHs QacaniB MebieBuX BUpoOiB. EkcnepuMeHTaNbHO MiATBEPAXKEHO, MO (i3UKO-
MexaniuHi BiactuBocTi (acamguux CII 13 BXX]] BinmoBimaroTh BUMOram CTaHAApTiB.
OnepxaHoO 3aKOHOMIPHOCTI BIUTMBY IIMPUHHU PEUOK Ta TOBLIMHU JEPEBHOBOJOKHUCTOI
muty (JABII) Ha hopMOCTIHKICTh, HA MILHICTh IIPHU CTATUYHOMY 3THHI BIIOTIEPEK PEHOK
Ta Ha MILHICTh MPH CKOJIFOBaHHI MO KJIeoBOMY Iiapi B cyxomy crani acaguaux CII 13
BX]I. OtpuMaHo ajnexkBaTHI perpeciiiHi Mojeni, Kl MOXYTh OyTH BUKOPHUCTaH1 IS
Onucy 00’€KTa JOCHIJKEHHS. 3alpOolOHOBAHO MPAKTUYHI PEKOMEHJallli 1100 BUIO-
ToBJIeHHs Ta BukopuctanHs (acagnux CII 13 BXX]I nns mebieBoro BUpoOHUIITBA.
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BucHoBku:

1. Ob6rpynroBano, mo BXXJ[ € mpumaTHUM BTOPUHHHM PECypcOM ISl BUTOTOBIICHHS
dacaguux CII, ockiibku AaHa AepeBHMHa Mae HU3bKy Bousorictb (W=84+3 %) Ta cTabinbHi
BHYTPIIIHI HAMpY>XEHHS, IO TO3UTHBHO BIIUBAa€ Ha (POPMOCTIWKICTh — HAIMpPYKEHO-
negopmoBanunii cran KoHCTpyKii CIT.

2. 3ampomnonoBano HoBi koHcTpykilii CIT 13 BXK]I, nmpugaTtHux st BUTOTOBJICHHS (a-
cajiB MeOIeBUX BUPOOIB.

3. ®izuko-mexaniuni BnactuBocTi CII i3 BXK/] matoTh mocuth BHCOKE TOJIe pO3CitOBaHHS,
TUM HE MEHIIE BOHH MiJAIOThCSA 3aKOHY HOPMAJLHOTO PO3MOJITY, 10 OyJIO MiATBEPIKEHO
kputepieM Ilipcona mpu anamizi BUOIpKH 13 cTa B3IpIliB, BUMPOOYBAHUX HA MIIHICTh MPH CTa-
TAUYHOMY 3THHI BIIONEPEK PEeHOK, HAa MIIHICTh MPHU CKOJIOBaHHI MO KJI€HOBOMY IIBY, ¢Gop-
MOCTIHKICTb.

4. ®i3uko-MexaHiuHi nmapametpu Bcix ¢acaguux CII 13 BX]] toBmunow 19 mMm He 3a-
JIEKHO BiJ] IX KOHCTPYKIIT (TOBIIMHM JIMUKIBKH) 33JI0BOJIBHSAIOTH BUMOTH cTaHAapTiB [20, 21].

5. HaiiBummMu Qizuko-MexaHiuHUMHU TapaMerpaMu xapakrepusyerbes (acamgai CII i3
BXX/1 3a Takux ymoB: Bexg = 20 mm; Hysn = 6 MM — opmocrTiiikicts Oyne cranoButu 0,082
MM; Bexn = 20 mM; Hygn = 4 MM — MIIHICTh Ha CTaTHYHHMU 3TMH BHONepek peiok — 29,395
MlIla; Bexn = 40 mMm; Hpsn = 5 MM — MIITHICTh Ha CKOJIFOBAHHSI IO KJICHOBOMY IIapi B CYXOMY
crani — 1,581 MI]a.

6. Oxep>xaHO 3aKOHOMIPHOCTI BIUIMBY IMUpUHHM peiiok Ta ToBumHuU JIBIT Ha dop-
MOCTIHKICTb, HAa MIIIHICTh Ha CTATUYHHM 3TMH BIOMEPEK PEHOK Ta HAa MIIHICTh Ha CKOJIOBaHHS
1o KJieiioBomy miapi B cyxomy crani pacamaux CII i3 BXK/I.

7. Otpumani perpeciiiHi Mofeli € aJleKBaTHUMH, a OT)KE€ MOXKYTb OyTH BUKOPUCTaHI s
OmHCYy 00’ €KTa JOCIIIKEHHS.

8. OOrpyHTOBaHO, 110 s 3a0e3meueHHs BUCOKoi popmocTiikocTi acagrux CII i3 BXX]]
HEOOXiTHO BUKOPUCTOBYBATH JIEPEB’IHI PEHKU NEPEBAXKHO PaiajIbHOTO MEpepizy Ta JINIKyBa-
1 JIBII ToBIIMHOKO 6 MM.

IIpakTuyHi pexomeHaamii:

1. JIns nocsrHeHHs QopMocTiikocTi Ta MakcuManbHoi MinHocTi CII Ha craTMYHMIA 3TUH
BIIOTIEPEK PEOK, pekomeHayeThes mupuny peiiku CII 13 BXK/] npuitmati He Outbie 2,5 1i TOBITUHH.

2. Jlns orpumanns ¢acagaux CII i3 BXK]I, noBepxHs SKHX BiANOBiAaga BUMoram riuOuHu Qpe-
3epyBaHHs, 10CTaTHBO JnuKyBaTu [IBII ToBUIIMHOIO 5-6 MM.

3. Jnsa 3a6esnedenns Qopmocriiikocti CII i3 BXK], siki ekcruryaTyroTbCsi B yMOBaX 3MiHHOI
BOJIOTOCTIi, Oa)kaHO 3aCTOCOBYBATH CIIBBIIHOIIEHHS CTOPIH y MOMEpeuyHOMY Tiepepisi peiok 1:3, a kyT
HaXWIy pIYHUX IIapiB B TOPII peiiok nmoBuHEH OyTu He MeHIue 45°.

Pexomengauii 10 koncTpykuiid i TexnoJsoriin ¢pacaguux CII i3 BXK/ ToBmmnor 19 mm:

*  BOJIOTICTH peiiok — 8+2 %;

* IS PEHOK 3 MAaCHBY : IIMPHUHA = 2,5 TOBIIMHU

toBiMHA 7 (9), mupuna — 17,5 (22,5) mm;

*  poO3TallyBaHHS pEHOK — pajiaiabHe, a00 M KyTom 45°;

* juukyBatu — JIBII ToBmuHOIO 5-6 MM;

*  BuTparTa Kiero Js muTa — 200-250 r/m%;

 purpara kneto s CIT — 150-200 r/m%;

* TeMIieparypa Baiimu juid muta — 85-90 °C;

* Temmneparypa npeca aua CIT— 115-125 °C;

*  Yac BUTPUMKH ITiJT TACKOM Jytsl muTa — 30-40 xB;

* yac BUTpUMKH i1 TUCKOM it CIT — 4-6 xB;

e tuck g murta — 0,5-1,0 MIla; gna CIT - 1,2-1,3 MIla.

KurouoBi cioBa: nepeBuna, BxxuBaHa aepeunHa (BX]), cromsapua muura (CII), nepeBHOBO-
nokaucta tumra ([ABII), mepepobnenns, cdacamni noBepxHi, koHcTpykuii CII, TexHomorii, ¢op-
MOCTIHKICTb, MIIIHICTb.
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THE POSSIBILITY OF POLYMERIZATION OF THE ACRYLIC PVYMOF
PHOTOCHEMICAL CURING UNDER THE IMPACTOF UV-RADIATION
EMITTED BY SOLID-STATE SOURCES

The possibility of polymerization of acrylic VPMof photochemical curing under the impact of
UV radiation emitted by solid-state sources (based on laboratory equipment) was researched; the hard-
ness (as a characteristic of the degree of hardening) of obtained paint and varnish coatings was com-
pared with the hardness of similar coatings, photopolymerization of which was initiated by a high-
pressure mercury-quartz lamp.

Keywords: UV-curing, solid-state sources of UV-radiation, LED sources, laboratory unit,
hardness of coating.

Actuality. The technologies of photochemical curingare widely used in conjunc-
tion with environmentally friendly LFM. In recent years, there has been a tendency to-
wards the gradual replacement of traditional electrovacuum sources of UV radiation by
energy-saving solid-state (LED) devices [1]. Their advantages are as follows.

e Long lifetime of LEDs (over 10,000 hours).

e Extremely low energy consumption (5-6 kW - the source of the installation radiation). Special-
ists from the Biirkles company calculated that the energy consumed by a typical UV-curing device de-
creases from 22.1 kW to 7.6 kW, which gives a save of 67%. While generating the electricity needed
to power one high pressure lamp throughout the year, 25 tonnes of CO; are emitted into the atmos-
phere. In order to compensate for these emissions, about 200 trees must be planted or 10 cars be re-
moved from the freeways annually [2].

e The radiation source enters the mode immediately after switching on and does not require time
to cool between the switches. Instant on / off allows to immediately switch on / off the lamp when
needed. This working cycle significantly increases the lifetime of the lamp to 6-8 years.

e Deep curingis provided even for pigmented coatings.

e LEDs are suitable for solidifying coatings on all types of wood and other heat-sensitive materials.

e LEDs show the slight decrease of radiative ability during their lifetime.

e Operation of the installation with solid-state sources does not lead to the formation of ozone.

e LED technology is more effective in converting electric energy to the energy of UV radiation,
which leads to 25-30% of photopolymerization - compared to less than 10% for a mercury lamp [3].

In 2009, at the LIGNA exhibition in Hanover (Germany), the technological line
of photochemical curingbased on the LED technology presented by Biirklescompany,
was awarded the 1-st place in the resource efficiency segment.

This technology can be used for both organo-soluble and water-soluble UV mate-
rials in an inert environment. The market for UV light-emitting diodes is constantly
changing both in the direction of increasing the specific power of radiation, and in the
direction of increasing the available wavelengths [4].

One of the main factors limiting the wide usage of technologies with UV-light-
emitting diodes is the lack of available VPM that photopolymerize in the range of 320-
400 nm (UVA). Therefore, the search for compositions that solidify under solid-state
sources and provide acceptable results regarding the physical-mechanical characteristics
of the coatings is relevant.

Goal. Study of the possibility of polymerization of acrylic VPM of photochemi-
cal curingunder the impact of UV radiation emitted by solid-state sources (based on la-
boratory equipment); the comparison of hardness as a characteristic of the degree of
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hardening of the obtained coatings with the hardness of similar coatings, whose photo-
polymerization was carried out under a mercury-quartz high pressure lamp.

Experimental part. Materials. The experiment used acrylic varnishes for photo-
chemical curing, water-soluble acrylic varnishes for photochemical curing and acrylic
enamels for photochemical curing by Sayerlack (Sherwin-Williams Italy S.r.l.). Charac-
teristics of paint and varnish materials are given in the table. 1.

Table 1.Technical characteristics of the acrylic VPM of photochemicalcuring,
produced by the Sayerlack firm (Sherwin-Williams Italy S.r.l.)

Composition A Composition B Composition C
Indicators Acrylic lacquer Water soluble acrylic lacquer | White acrylic enamel
UV-curing for roll- | UV-curing for spray applica- UV-curing for roller
ing with rollers tion rollers
Volatile me:)tter con- 9941 340 99 4 1
tent,%
Density, kg/l 1.250 + 0,030 1,050 £+ 0,020 1.370 +0.030
Viscosity (DIN 4 at
20°C, seconds) 30+2 903 382
Number of layers 1-2 2 with intermediate polishing 1-2
Consumption, g/m? 4-8 80-110 10 -15
UV-lamp of high | 20’ - hot air for 30-35°C High 34 LI;IIIEhSPO;ﬁ?_r uv
Drying power (360nm 80- | Power UV Lamps (360nm, 80- PS &
um/mercury 80-
120W/cm) 120 W/cm)
120W/cm

Experiments were conducted at a temperature of 20+£2°C and a relative humidity
of 65+£5%. Paint and varnish materials of photochemical curing were evenly applied on
glass substrates of size 100x20mm using a brush. Using electronic weights (accuracy of
measurement 0,001 g) the consumption for each type of LFM were observed (Table 1).
The coatings were smooth and without defects on the surface.

For water evaporation, the water-soluble UV-composition was pre-stored at 60°C
for 15 minutes ina thermal camera prior to polymerization under a UV-LED or high
pressure mercury-quartz lamp.

The glass plates with the same VPM were dried under various UV sources (high
pressure mercury lamp DRT-375 and laboratory installation with UV LED) for the time
interval time necessary for obtaining technological hardness.

For the study of photopolymerization processes, traditional UV sources (high-
pressure mercury-quartz lamp DRT-375) and laboratory equipment with UV-light-
emitting diodes [5] were used. This installation makes it possible to make the experi-
mental samples harden under the impact of emitted UV-light radiation of different
wavelengths and power.

The main technical characteristics of the installation are given in Table. 2.

Tabl. 2. The main technical characteristics of the laboratory installation
with UV-light-emitting diodes

The size of the samples under study 50x80 mm
Moving speed of the carriage (variable) 2.5 m/min - 10.0 m/min
Maximum stabilized power supply of LEDs 3A
Variable LED emitters with length radiation, nm: 365 -375/380-390/395 410
Power supply 220 V
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Structurally, the laboratory installation of UV LED (Fig. 1) consists of three
parts:
e the carriage, moving reciprocally, on which the test sample is installed,
e replaceable illuminator with UV light-emitting diode;
e the power supply unit of the UV radiator and the drive of the carriage.

Fig. 1. General view of the laboratory installation with UV light-emitting diodes:
1 —power module; 2 — mobile carriage; 3 — UV illuminator, 4 — electric drive carriage;
5 — UV control bodies, 6 — bodies of control of the electric motor drive carriage

Fig. 2. Ruler with five LEDs:
1 — aluminium radiator plate; 2 — UV-light;, 3 — power connector for the UV radiator

Mechanism of reciprocating movement of a carriage — a rail type with a drive
from a reversing electric motor. LEDs are located on a massive aluminium bar, which
acts as a radiator (Fig. 2). The design of the mechanical fastening of the LED strip and
the presence of an electrical connector in the power supply of LEDs provide the ability
to quickly replace the LED line. During the study, the radiator with LEDs EDEV-1LA1
(Edison company), whose radiation spectrum is in the range of 395-410 nm, was used.

Research methods. Before the study samples were kept at a temperature of
20+2°C and a relative humidity of 65+£5% for not less than 16 hours.

The degree of hardening of the coating can be characterized by hardness, which is
a function of the time spent on drying paint and varnish coating. The hardness of the
coating was determined by the fading of the oscillations of the pendulum M-3 [6]. Coat-
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ing was formed on a glass plate to study its hardness, since the hardness of the substrate
used may affect the results. Similar coatings were polymerized both under a UV-LED
and under a mercury-high pressure lamp.

Research results. The results of determining the hardness of the coatings as the
degree of hardening of paint and varnish materials under the influence of UV radiation
emitted by a high pressure mercury lamp and solid-state sources are given in Table 3.

Table 3.Hardness of coatings based on VPM, polymerized under high pressure
mercury lamp DRT-375 and UV lamp with LEDs EDEV-1LA1

Types of paint and Hardness of coatings, conventional units
varnish materials of photopolymerization under a UV | photopolymerization under a high pres-
photochemical curing lamp with LEDs EDEV-1LA1 sure lamp DRT-375
Composition A 0,39 0,54
Composition B 0,48 0,60
Composition C 0,59 The coating does not harden
Conclusions.

In the study of the possibility of polymerization of acrylic VPMof photochemical
curingunder the impact of UV radiation emitted by solid-state sources (whose radiation
spectrum is in the range 395-410 nm), the laboratory tests discovered the following:

1. The best hardness results can be traced to white acrylic enamel (composition C)
under the LED source. Under the mercury-quartz lamp the coating was not formed. This
can be explained, probably, by the low transmission of white enamel pigment in the
region of maximum emission of a high pressure mercury lamp and, accordingly, by high
transmittance of this pigment in the high-wavelength region of UV radiation of LEDs
EDEV-1LAI1 (range 395-410 nm).

2. Insufficient degree of hardening is observed in the coating with the basis of
acrylic varnish (composition C) when using solid-state sources. Photopolymerization
under the traditional DRT bulb was successful.

3. A coating with the basis of water-soluble acrylic varnish (composition B) reached
a sufficient hardness, and, consequently, a high degree of hardening. Perhaps, this is due
to the fact that coalescence occurs after the evaporation of water, resulting in less
chemical bonds.

In conclusion, it is necessary to conduct a series of experiments on the study of
photochemical curing of coatings based on acrylic varnish of UV-curing applied by
rollers under solid-state sources. To conduct this experiment, it is necessary to choose
the variable illuminators with UV light-emitting diodes (the laboratory installation is
equipped with them) of another radiation length, namely 365-375 nm, 380-390 nm, or
to use successive radiation by solid-state sources with the different spectrum of radia-
tion.
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JlocaigaxeHHs MOKJINBOCTI MOJTIMepHu3anii aAKPUJIOBHX JaKo(pap0oBUX
marepianiB GoToXiMiYHOr0 TBepAiHHA mix Ai€r0 Y @-BUNPOMIHIOBAHHS,
€MITOBAHOI'0 TBEPAOTUILHUMM [IZKepeIaMu

JocnimkeHo MOKIMBICTE TosmiMepu3altii akpmwioBux JIOM ¢GoToxiMivHOTO TBEpIIHHSA MM [li-
€10 Y ®-BUIIPOMiIHIOBAHHS, €MITOBAHOTO TBEPIOTIILHUMHU JiKepesnaMu (Ha 6a3i 1abopaTopHOi ycTaHO-
BKH); MPOBEACHO TOPIBHIHHS TBEPJAOCTI (K XapaKTEPUCTUKHU CTYMEHS 3aTBEPAIHHS) OTPUMaHHUX Jia-
Ko(apOOBUX MOKPHUTTIB 3 TBEPIICTIO aHAJOTIYHUX MOKPUTTIB, (OTOIMONIMEpU3aLlisl AKUX 1HILIHOBaHA
PTYTHO-KBapIIOBOIO JIAMITOI0 BHCOKOTO THUCKY.
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RESEARCH OF THE WOOD COMPOSITE MATERIAL DEFORMABILITY
IN TERMS OF THE HEAT MASS TRANSFER

The analysis of the basic structural states in the technological process of manufacturing of
wood composite materials is carried out. The parameters of temperature-humid field and kinetics of
structural transformations are determinedand building a mathematical model for the determination of
the stress-strain state of wood composite materials under conditions of heat mass transfer.

Keywords: fluidity, viscoplasticity, viscoelasticity, stress-strain.

Introduction. A characteristic trend in modern studies of the wood composite
materials (WCM) is a shift towards process problems and formation of a new direction
their basis, namely process mechanics of the wood composite materials. The central
problem in this respect is to develop the phenomenological interrelated physical and
mechanical WCM models, taking into account the structure formation evolution in the
process. On their basis, reasonable process parameters for specific materials, basic types
of structures and processes of their manufacture may be identified, recommendations
may be justified, and special algorithms to control such parameters ensuring the re-
quired WCM quality may be developed.

The analysis of theoretical and experimental study findings, as well as the pro-
duction experience shows that the use of traditional physical mechanics relations to de-
termine the WCM quality indicators does not allow determining their dependence on
the influence of process factors during their manufacture unequivocally. In particular,
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the same hydrobarothermic WCM production modes result in formation of residual pro-
cess stress fields with varying nature and structure. Besides, the formation of WCM
structure as polymer composites in the manufacturing process is related to the evolution
of its condition. In the most general case, under the temperature, humidity and mechani-
cal stress, the polymer materials undergo irreversible physical and chemical transfor-
mations with phase transitions, and consistently move from one equilibrium state to an-
other, taking into account the fluidity, viscoplasticity, and viscoelasticity.

Synthesis of mathematical model for determination of deformation-relaxation pro-
cesses in wood composite materials. One can highlight five major structural conditions in the
WCM manufacturing process: viscous state with viscosity varying during heating; formation
of molecular and supramolecular structure, the transition of reinforced matrix to highly elastic
condition; temperature field lowering to T-vitrifaction, slowing down of elastic properties;
transition to the glassy condition with vigorous increase in relaxation time due to the supramo-
lecular structuring; cooling down to the ultimate temperature subject to change of relaxation
properties. To solve the problems related to determination of the process stress fields and
strains for each stage, the corresponding physical ratios for temperature and humidity, relaxa-
tion and conversion processes shall be recorded. At all WCM production stages, the thermal
and mechanical properties depend on the temperature, humidity and structural condition of
composites. Logically, it is first required to consider the problems of thermal and moisture
conduction, as well as structural transformationkinetics. The mathematical formulation of the
heat conduction problem in view of the structural transformations kinetics is reduced to the fol-

du d du d dTr
: : —=—o/a,—+—|a,d, —
lowing system of equations: | dz  dx,( " dx dx,| " ' dx, (1)

e - L ¢
dr dx dj dr dx dt

where: C(T;,U,,y,) means heat; p(T,,U,,y,) means density; r,, means vaporization heat; o,

means thermodynamic factor; & means the phase transition criterion; y, means the structural
transformation value. Note that for anisotropic bodies, the diffusion a,; and thermal conduc-
tivity 4; ratios are the second-rank tensors. During non-isothermal processes in the manufac-

turing process, WCM consistently pass through the viscous-flow, highly elastic, and glassy
conditions, and are accompanied by sophisticated physical and mechanical transformations.
WCM condition evolution is associated with a change in S entropy, internal U or free energy F
and activation modes E, (k = 1,2,3). The following processes are the most common for WCM

structural transformations: thermal activation, structure formation, and stabilization, each of
which features a relevant structure and physical properties. Each component WCM in micro-
scopic terms is a thermodynamic system with an infinite number of molecules in the state of an

unstable equilibrium (SU =0, SU? < 0). A kinetic equation for the process in general can be

written as follows 7/ Zi;; dTAé'(tl.,tM)+27//(t,T)A5/. ; where: i=13,5;
/. _
j=2,4; 6(t)=0, ti<0; o)=1,t>0 6(t,t, )=0(t—-t)—0o(—t.,). (2)

Let us specify the ratio (2) for the key process stages. Since no structurally aggregated
transformations occur at stages 1, 3, 5, WCM can be regarded as an adiabatic system in a
thermodynamically equilibrated state. Parameter y, may describe the thermodynamic probabil-
ity of the condition. From the kinetic theory, we obtain 47 _ U7, (3)

dT RT’
where R is the gas constant, and U, is the internal system energy.
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At the second stage of the structure formation and transition to the highly elastic state, a
dramatic change in the composite properties occurs, and its volume of adhesion bond for-

mation is reduced. % = kpa)2 (7,) 4)

k,=k,a;, means an effective reaction rate constant; k& means a reaction rate constant;
a;, =exp( E,/RT) means a thermal displacement coefficient; w,(y,) means a dependence of
the chemical reaction rate: w,=1 y, means a polycondensation, and ®,=1 y, means a

polymerization. At the fourth stage, a phase transition from a highly elastic into a vitreous
conditions occurs. It corresponds to an extensive increase in stiffness and strength

d
e =ka,0,7,) )
After determination of temperature and humidity field parameters and structural trans-
formation kinetics, let us proceed to finding the stress-strain WCM condition in the process at
all stages of structural aggregate transformations. Mechanics values take into account the bi-
phase nature of the porous environment featuring the thermal viscoelastic properties. The envi-
ronment permeability, and its filtration properties are described by £k, factors. In general, the

mechanical load with P, intensity on the surface C(t), which occurs, for example, during

4

movement, is described by the function £ () =V "' (¢) _[POdC
C

A closed-circuit system of mechanics equations looks as follows.
o WCM equilibrium equation y divo, +y, divo,, =y, f({)o(t —t,); (6)
where a and m indices belong to the reinforced particles and the polymer matrix, respectively;
and ¢ is the delta function.

o equation of solving the velocity fields of the viscous-flow matrix with the field
pressure P therein V, =—k,gradP (7)
e cquation of continuity in a strained viscoelastic medium
d .
— Vo) divg, vk, gradP) =0 (8)
e physical ratios for reinforced particles and a polymer matrix
c,=PI+F, (A,); p,=0,p);, o, =F(¢). 9)

where 4,, means the strain rate tensor; / means the unit tensor; ¢ means the strain tensor. In

the case of adhesive interaction between WCM components, the mechanics equations take into
account non-isothermal nature of the structure. This must be supplemented with the mass con-
servation equation upon shrinkage strains

1 dp » do
__+ 1_6 2 :0, 10
5 Ta-0) — (10)

where 0, = ¢, means the volume strain.

In the process, WCM is modeled by anisotropic viscoelastic environment with sophisti-
cated thermal rheology, the properties of which depend on the structural and physical condi-
tion, and the boundaries of one condition they are transient, heterogeneous and unstable.
Therefore, the formalization of WCM dependencies is a very complex task. A real way of sim-
plifying the physical equations is to accept the hypotheses on additivity of WCM component
properties by the existence of polyfactor-time analogies. Based on experimental studies, the
time reduction functions for temperature and humidity-time reduction were determined in a
broad range of 7 and U variation. To establish specific dependencies (7) between the stress and
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strain tensors, the postulates of irreversible process thermodynamics were used. The calculated
physical correlations look as follows
MDD e 1Y g an
- - 7/ tmn m” ij + 7/ tmnG + al 7
‘ ’ dt de ") T Tdt d
where aﬁmn means the stiffness tensor components; b; — means the viscosity tensor compo-

nents; and a;,b; means the temperature and humidity expansion tensor components.

Conclusion. A mathematical model for studying stress and deformation fields in wood
composite materials under heat and mass transfer conditions was constructed.
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JocaigxeHHs 1e(p)OpMaTUBHOCTI JepeBUHHUX
KOMIIO3UTHHX MaTepiajiB B YMOBAaX TeIJI0 MacOOOMIHY

[IpoBeneHO aHai3 OCHOBHUX CTPYKTYPHHX CTaHIB B TEXHOJOTIYHOMY IPOIIECI BUTOTOBJICHHS
JICPEeBUHHHUX KOMIIO3UTHHX MaTepianiB. BU3HaueHO mapamMeTpu TeMIlepaTypHO-BOJIOTICHOTO MO 1 Ki-
HETHKH CTPYKTYPHHUX IEPETBOPEHH Ta MOOYIOBAaHO MaTeMaTHYHY MOJEIH JUIsl BU3HAYCHHSI HAIPYKe-
HO-71e(hOpMiIBHOTO CTaHy AEPEBHHHUX KOMIIO3UTHUX MaTepialliB B yMOBaX TEIJIOMacOOOMIHY.

Kuro4oBi cjioBa: B’SI3KOMIIACTUYHICTD, B’ I3KONPYKHICTh, HAIIPYXKEHO-1ePOpPMIBHUI CTaH, Te-
KYYiCTb.
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METHODIC OF RESEARCH OF FACE RUNOUT OF CIRCULAR SAW IN
THE PROCESS OF WOOD SAWING

The face runout of the saw is an important parameter of the equipment, which affects in partic-
ular the quality of the product and the durability of the tool. The article describes a well-developed
technique for researching the face runout of a saw, which differs by the used sensor, the simplified
procedure of its calibration and the method of processing the received signals. The use of computer
technology ensures a wide range of settings, displaying results in a convenient format, enables automa-
tion of signal processing.

Keywords. Face runout, wood sawing, induction sensor, calibration, technological control.

One of the most common types of woodworking machines is round saw for saw-
ing wood [1]. The energy costs, the precision of the product, the surface roughness, the
width of the sawdust largely determine the energy consumption and the amount of wood
waste in this operation and in the further processing of the workpiece. The face runout
of a disk is one of the main factors of the listed indicators.

Meanwhile, the face runout of a saw is also determined by a set of parameters:
constructive, which can be considered unchanged for each sample the machine, and de-
pending on the mode of operation of the equipment, in particular the speed of the feed
material. Several mechanisms for influencing the velocity of the face runout of the saw
are known, in particular the mechanical stresses and uneven heating of the cutting tool
[2]. Changes in the value of the face runout of unloaded saw characterize irreversible
deformations in the tool during the period of operation. The same changes that occur in
the process of cutting wood, is an indicator of the coherence of the operating mode with
the properties of the tool and determine the possibility of obtaining the result of pro-
cessing the product of a given quality. Consequently, for scientific researches, the de-
termination of face runout of a saw will allow a more detailed study of the tool in the
process of cutting wood, and for practice — the monitoring of the state of equipment and
modes of its use. In the known means for determining the value of axial beats, electro-
magnetic position sensors [1] are used. The use of other types of movement data in face
runout studies is limited by their principle of action or constructive execution. For ex-
ample, the possibility of using rheostat and condenser sensors is influenced by the ne-
cessity of mechanical connection with the moving object of research; Magnetininduc-
tive — the need to attach to the object some elements of the sensor [3, 4].

For a more detailed study of axial impacts with the definition of momental values
of its value or the nature of the deformation of the disk is important not only the max-
imum frequency of conducting measurements of the average value, but also the sensor
frequency bandwidth range. The lower frequency of this band is determined by the
speed of rotation of the saw, and the upper part is also the possible number of nodal ra-
dius of deformed saws. If due to deformation on the saw disk five nodal radii have been
formed, then, in calculations to determine the range of discrepancies of the disk with an
error of 2%, the operating frequency of the sensor should be 32 times higher than
Nyquist frequency: 50*%5*2*32= 16 kHz. Taking to account the characteristics of real
filters, in order to provide such bandwidth, operating time of sensors using alternating
voltage should be 5-10 times higher, which excludes the possibility of using low-
frequency devices.
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In the electromagnetic sensor, an inductor is used which creates a variable mag-
netic field of high frequency near the surface of the saw. Depending on the distance be-
tween the coil and saw, the part of the magnetic flux that is locked through the ferro-
magnetic material of this tool and changes the electric inductive resistance of the coil.
The advantage of this sensor is the lack of mechanical contact with a moving saw.

To increase the sensitivity of a magnetic sensor, two coils are often used by a dif-
ferential circuit [1]. The output voltage of this sensor characterizes the distance between
the coil and dust. To observe the instantaneous values of the output voltage, use an os-
cilloscope. The width of the face runout of the saw is determined by the difference be-
tween the maximum and minimum amplitudes during one turn of the saw (Fig. 1).

The analysis of the oscillogram of the output voltage of the electromagnetic sen-
sor is complicated by the need to compare both the positive and negative values of the
stresses distributed in time (Fig. 1) on a moving oscillogram. You can evaluate the na-
ture of the heterogeneity of the saw in the line of contour of oscillogram. In the draw-
ings, the dotted line separates the signal region corresponding to one rotary dust.

Unresolved questions of face runout control. A well-known method requires the
operator to work with complex devices and signals (generator of high frequency volt-
age, differential sensor, oscilloscope), but does not provide a direct estimate of the value
of the face runout, which must be calculated for two values of the amplitudes , deter-
mined from the moving image on the oscillograph screen.

The boundary of errors of data taken on the oscilloscope's screen is taken as five
percent. Thus, the error limit of determining the value of a face runout , as the differ-
ence between the two indicators, exceeds ten percent [3]. It is known that the sensitivity
of the electromagnetic sensor depends on the distance to the dust, so to compare the size
of the face runout of different pollen it is necessary to calibrate it after each sensor in-
stallation . The calibration procedure of this sensor requires a considerable amount of
time and special equipment. These difficulties and low accuracy of estimates limit the
use of known methods for studying face runout of the saw.

Problem statement To use in practice control of face runout of pollen, it is neces-
sary to improve the known technique, to provide more precise definition of the value of
the face runout, to simplify the methods of use and calibration of means of research.
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Fig. 1. Voltage at the output of the electromagnetic sensor of position saw
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In the method developed by us the principle of electromagnetic induction is used.
To form an induction sensor in the vicinity of the saw blade, a permanent magnet is in-
stalled, the magnetic field of which partially closes through the saw. The distance be-
tween the magnet and the saw is a non-magnetic intermediate, which determines the
magnetic flux of a permanent magnet through the saw. Changes of this flow caused by
the face runout of the saw are the cause of the electrical voltage in the coil installed in
this magnetic flux (Fig. 2). It voltage is proportional to the velocity of flow changes.

The face runout of the saw of the saw is a periodic process and can be represented
in the Fourier series:

S=XAnesin(ne-*t+ en), (1)
where: S — instantaneous value of the deviation of the saw from the middle position due
to the face runout; o — angular velocity of the saw; t — time; An is the amplitude of n-th
harmony of face runout of the saw, n — harmonic number; ¢n is the angle of displace-
ment of the initial phase of the n-th harmonic.

The results of the calculations show that, if the average distance from the sensor
to the disk saw, which is three times the size of the face runout the maximum error of
the linear approximation of the dependence of the magnetic flux on the magnitude of the
non-magnetic gap is 1%.

Smax-Smin <(Smax + Smin) / 6, (2)
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Fig. 2. Signal of the induction sensor from the face runout of the saw

Consequently, voltage of this sensor with high accuracy characterizes the rate of

change in the magnitude of the nonmagnetic gap dS / dt:

U=ke+dS/dt=kewe*XAnenesin(n*w-*t+ on), 3)
where: U — induction voltage induced in the winding; k — coefficient taking into account
the parameters of the design of the sensor and the method of its installation, as well as
linear approximation of the dependence of the magnetic flux on the magnitude of the
non-magnetic gap..

The rolling of the asynchronous motor rotor of a saw relative to the magnetic
field for modern machines is 3-5% [3]. Therefore, the speed of rotation of the saw dur-
ing the work changes slightly and in the first approximation the speed of rotation can be
considered as a constant. The instability of the rotational frequency of the saw in this
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case results in an error of measurement of the axial beat = 1%, which is significantly
less than error of the known method . If necessary of reduction of error, frequency of
rotation, equal to the frequency of the first harmonic of the induced signal, can be
measured and its value is used to correct the results of determining the value of the face
runout. The non-stability of the idle speed and the errors generated by it are still much
less than the deviation of the rotational speed of the saw during operation.

As a magnetic system with a winding, it is convenient to use the headphone in the
offered device. The membrane system headphone with a fixed coil is used as a sensor,
removing the membrane, and in the headphone of the dynamic system, it is necessary to
fix the position of the coil relative to the magnetic circuit (for example, with glue) and
then remove the diffuser to bring the magnetic system to the saw. The compact magnet-
ic headphone system allows you to control the face runout of the saw at different dis-
tances from the axis and thus carry out a kind of scanning of the surface of the saw. The
closed construction of the magnetic system helps to reduce sensitivity of the sensor to
external fields, which results in a low noise level in the received signal (Fig. 2).

The signal received from the induction sensor contains information, but graph-
ically does not reflect the nature of the fluctuations of the saw, because the instantane-
ous signal values are proportional to the speed of change the axial position of the stick
disk. To get information about the saw profile and its changes during operation, it is
necessary to process the signal, namely perform the integration and scaling operations.

To perform the mathematical processing of the signal, we used a computer tech-
nology and a specialized program GoldWave for processing signals. This program pro-
vides a wide range of reception, processing of signal and graphical visualization of the
results of computations and signal formatting. To evaluate the nature of the beating of
the saw, we used spectral analysis and filtration of the signal of the induction sensor.
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Fig. 3. The spectrum of induction sensor signal

The results of the spectral analysis (Fig. 3) indicate the poliharmonic composition
of the received signal and the lawfulness of the Fourier series for its analytical represen-
tation. The high level of the fourth, fifth and sixth harmonics, the amplitude of which is
practically equal to the amplitude of the first harmonic (the consequence of not the per-
pendicularity of the saw and the axis of rotation), testify to the multiple bends of the
saw disk (nodal radii).
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The use of the first-order low frequency filter property to integrate signals in the
frequency range higher than the frequency of its cut is used to obtain a deformation pro-
file of a saw disk. Given the uniform rotation of the saw disk in the signal spectrum ,
generated by this rotation, there are no components with frequencies below the rotation-
al speed. Therefore, the low-pass filter of the first order with the S0Hz frequency limit
allows for the integration of the signal of the induction sensor with high accuracy and
obtaining a signal corresponding to the instantaneous values of position the saw disk
(Fig. 4). The received signal reflects the profile of the saw on the radius of the sensor
installation, but without its calibration does not make it possible to determine the value
of disk deformation. The standard calibration procedure reduces to setting the depend-
ence of the output voltage of the sensor on the size of the gap between the sensor and
the saw blade. To obtain such dependence, multiple measurements of the size of the gap
and the voltage level of the transducer are performed by exemplary devices. This meth-
od of calibration is burdensome even for scientific research because of the need for ex-
emplary devices and a significant length of procedure.

In the methodic we have developed studying face runout is simplified by the cali-
bration of the sensor. Two measurements of the scale of the filtered signal Ur = U2-U1
(Fig. 4) with the change of the non-magnetic gap to the calibrated value AS = S2-S1 are
performed for its conducting after the sensor is installed. The value of AS in the range
of 0.2-1 mm can easily be transmitted using a metal plate, which allows the sensor to be
fixed in a position shifted to the thickness of the calibration plate. The relation of differ-
ence of the sensor signal in these positions to the thickness of the plate determines the
sensitivity of the sensor C in the conditions of use of the sensor:

C = (Ursl-Urs2)/ AS 4),
where: C — sensitivity of the sensor; Ursl and Urs2 the sensor signal in the initial and
shifted position; AS change in the magnitude of the non-magnetic gap.
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Fig. 4. Filtered signal of the induction sensor

This calibration procedure of sensitivity of the sensor consists of only two meas-
urements made near the working point by working means of computing using the
GoldWave program for fixed level of signal. Possibilities of the used means provided a
wide range of amplification of the signal processing channel of the sensor and scaling
the received results.
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In tests conducted as a sensor tested headphones TON-2 and IE 800 S. Conver-
sion of analog signal to digital was carried out sound card of the computer in 16-bit
code with a sampling rate of 16kHz, which allowed the value of a signal with an error
of tenths of a percent. These tools allowed not only to calibrate sensors with a sensitivi-
ty of 1 to 0.01 mm/V, but also to scale the received signals to represent the oscillograms
in the form of a convenient to estimate the value of the face runout of the saw (for ex-
ample, Figure 4 depicts the disc deviation of the saw in the range of = 0,1mm) The
methodological error of determining the value of the beats according to the developed
method is determined by the error of quantization of the signal, which is much smaller
than the error of reference on the oscilloscope screen. According to the results of the
test, it was discovered that a metodic of researching the face runout was developed. It
the metodic:

e ses easy-to-use, robust technical means that enables the primary information to be obtained in a
contactless manner, which determines their durability and lack of influence on the subject of research,

e provides high accuracy due to the hardware receiving of numerical values of the signal, which
excludes the possibility of a subjective error of the operator; Developed metodic allows to simplify and
minimize calibration operations of the sensor;

e makes it possible to analyze deformation of complex form due to the wide bandwidth of used
devices and the application for analysis of signals by software means of computer technology;

e suitable for use in automated systems of technological control and regulation, creation of effec-
tive means of diagnostics of the condition of the equipment (in particular, the implementation of the
developed method allows to implement in the system of control the possibilities the controlling of
speed of the supply of wood of modern machine tools [1], will promote the quality of products, in-
crease term of service of the tool and increase of profitability of production).
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MeToauka I0CJIiIKeHHS TOPUEBOro OUTTS
KPYIJIOl MWJIKH B MIPOUeCi MUJISTHHSA JIepeBUHU

ToprieBe OMTTS MUIKK € BaXKJIMBUM TTapaMeTPOM OOJIaJHAHHS, 110 BIUIMBA€E 30KpeMa Ha SIKiCTh
NPOAYKIIl Ta JOBrOBIYHICTH 1HCTpyMEHTY. OnucaHo po3pobiieHy METOIUKY TOCTIIKEHHS TOPLIEBOTO
OWTTS NMWJIKY, SIKA BIAPI3HIETHCS BUKOPUCTAHUM JATYUKOM, CIIPOIIECHOIO MPOIEIYPOI0 HOro Kamiopy-
BaHHS Ta CIIOCOOOM OOpOOKM OTPUMAaHHMX CHUTHATIB. 3aCTOCYBaHHS 3aCO0IB OOYHCIIIOBAIBHOT TEXHIKH
3a0e3mnedye MUPOKUH Jiana3oH HalAIITyBaHb, IHAMKAIIIO PE3yNbTaTiB y 3py4Hid Gopmi, Jae 3Mory
aBTOMAaTHU3aIlil IpoleIypr 0OpOOICHHS CUTHAIIB.

Karouosi cioBa. Topuese OMTTS, MUISHHS NEPEBUHH, IHAYKIIHHUA MaTYuK, KaniOpyBaHHS,
TEXHOJIOTTYHUN KOHTPOJIb
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CTAH TA IEPCIIEKTUBHU PO3BUTKY JEPEBOOBPOBHOI OCBITH TA
HAYKH B YKPAIHI

[IpoananizoBaHO CydacHHMIl CTaH Ta TMEPCIEKTUBU PO3BUTKY BITUM3HSAHOI JepeBOOOPOOHOT
OCBITH 1 HayKH, OKpecieHo muisixu B3aemonii 3BO 3 migmpuemcTBamMu ramysi, chOpMyIbLOBaHO 3a-
BJIaHHS B TIJATOTOBIII BHCOKOKBaTi(hikoBaHUX (DaxiBI[iB-TEXHOJOTIB B yMOBaX €BPOIHTETrpPaIlIfHUX
MPOIIECIB Ta BUKJIMKIB Cy4aCHOT'O CYCHIbCTBA.

KurouoBi ciioBa: nepeBooOpoOHa OCBiTa 1 HayKa, MpaleBIalTyBaHHS BUITYCKHHUKIB, JI€PEBOO-
OpoOHe MiNPUEMCTBO, EKOHOMIKA TPAH3UTY, MIKHAPOJIHA CITIBIIPAIls, €EBPOIHTErpalliiiHi POIECH.

BuHATKOBO BaXTMBOTO 3HAYEHHSI B YMOBaX PO30YIOBH JIICOMTPOMHUCIOBOTO KOM-
MJIEKCY, TTMOOKUX TUHAMIYHHUX TIEPETBOPEHB JIEPEBOOOPOOHOI Tary3i, Ha0yBae cUCTeEMa
BIPOBA/DKCHHS SIKICHUX PIMIEHB 100 OpraHi3amii 1 CTAaHOBJICHHS HOBHUX Ta MIATPUMKHU
PO3BUTKY ICHYIOUUX MIANPUEMCTB CEKTOPY.

B pamkax npuitaatoro 3akony Ykpainu “IIpo ocoOGiaumBOCTI JepKaBHOT'O pery-
JIFOBAHHS JISTIBHOCTI CYO’€KTIB MiAMPUEMHHIILKOI JISTILHOCTI, OB’ SI3aHOI 3 pearizarii-
€10 Ta EKCTIOPTOM JiicoMartepiaiiB” (111010 MOPATOPi0 Ha EKCIOPT JIICO- Ta MUJIOMAaTepi-
aniB y HeoOpoOieHomy Bursiail) Ta 3akoHy Ykpainu “IIpo BHECEHHS 3MiH JI0 PO3ALTY
XX «Ilepexigni monoxeHHs» [lomarkoBoro kojekcy Ykpainu” (1100 OCOOJMBOCTEH
OTIOJATKYBAHHSI OTIEPAIliii 3 BBE3CHHS HA MUTHY TEPUTOPII0 YKpaiHU Ta MOCTAa4aHHS Ha
MUTHIN TepuTopii YKpaiHu epeBooOpoOHOTro 00naHaHHS A BIAPOIKEHHS MPOMHUC-
JIOBOTO BUPOOHMIITBA) MEPCHEKTUBU PO3BUTKY AEpeBOOOPOOHOI Ta MeOJIeBOI MPOMHUC-
JIOBOCTI OIHIOIOTHCS €KCTepTaMu Yy 30UIbIICHHI 00’ €MiB BHYTPIINTHBOACPKABHOTO TIE-
pepoOneHHs micomaTepiamiB y 3-4 pasu. lle macte 3MOry CTBOPUTH YMOBH JJII 3HAYHO-
ro 3017bIIEHHS KIJIBKOCTI AepeBOOOPOOHHX 1 MeOJIeBUX MIANPUEMCTB, a BIITaK MOTpe-
OyBaTuMe MiATOTOBKH BUCOKOKBaJTI (DIKOBAHUX 1H)KEHEPHO-TEXHIYHUX KaJIPiB.

Cranom Ha 2013, 2014 1 2015 poku 4yMCeIBHICTh AEPEBOOOPOOHUX 1 MEOJIEBUX
nignpueMcTB ctaHoBwia 4815, 4350 1 4440 oquuune BianoBiaHO. Ha 1ux mianpueMct-
Bax 3aitHsATO 77.6 THC., 71.2 THC. 1 69.4 THC. 0ci0. OOcAr peandizoBaHOI MPOIYKIT Y
MJIPA.TPH. y 111 poku ctaHoBuB 17.3, 22.8 1 32.3 BianoBigHO. B 0OCHOBHOMY I11€ criemiati-
30BaHl MIANPUEMCTBA, HA SIKMX 3alHATO MPUOJM3HO JCKUIbKA JECATKIB IPaIliBHUKIB.
BinburicTe miANpUEMCTB SKICHO PI3HATHCS PIBHEM OCHAIIIEHOCTI — BiJl 0OJIaTHAHHSM Bi-
JOMHX €BpOTIEHCHKHX (PipM, 10 0OIaTHAHHS BIK SKOTO CSTA€ MEKUIBKOX JIECATKIB POKIB.
[IpakTuuHo ycix 00’ eqHye onHa mpodiema — kaaposa. Lle gedinut sk kBami(pikoBaHUX
pPOOITHHUKIB, TaK 1 IH)KEHEPHO-TEXHIYHUX KaJIPiB.

SAKiCTh MATOTOBKYU KaApiB MJisi OYb-SKOI TaTy31 3aJIeKUTh BiJl 6ararb0X YNHHU-
KiB. Y mepiry uepry BiA piBHS Aep)kaBHOTO (iHAHCYBaHHS OCBITH 1 Hayku. Ha xans, 3
KO>KHUM POKOM BOHO TOTIPITY€ETHCS.

BaxnmBUM YMHHUKOM € TaKOK TIOCHJICHHS BIUTUBY POOOTOMABIIIB HA SIKICTH TiJ-
TOTOBKH KaJpiB, 30KpeEMa Ha PiBEHb X MPAKTHUYHOI M1 OTOBKH.

Ha pas3i 3ariikaBiaeHicTh poOOTOIABIIIB 3BOAUTHCSA /10 ABOX Mo3ullii. [lepiia moss-
ra€ y 3anpouieHHi Ha poOOTy JEKIIbKOX XOPOIIUX BUITYCKHUKIB. | K TUIBKHU I111€1 METH
JOCSITHYTO — 1HTepec A0 noaanbioi cmiBnpaii i3 3BO 3nukae. CyTh apyroi nossrae y
3QJIy4eHHI CTYACHTIB J0 NMPOXOHKEHHS NMPaKTUK. € JeKiIbKa MiAMNPUEMCTB SIKI TOTOBI
OPUUHATA BiJl 5 1 OUIbIIE CTYJEHTIB, 3a0€3MEUUBIIM iX POOOTOI0 Ta MPOKUBAHHIM:
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“Eno Me6m JITI” (M. MykaueBo), TOB “Me6ni-TOKABO” (m. YUepniBmi), Mebiena
dabpuka “Jlamenna” (M. TsuiB), T30B “bpama” (m. JIbBiB) Ta iHmii. [leBHUI BimcOTOK
CTYJEHTIB Oa)KaloTh MPOXOIUTH MPAKTUKH 3a MiclieM nposkuBanHd. [Ipote, sik mpasuiio,
3BO He mMoxe 3a0€3MeunTy KOHTPOJIb 33 MPOXOKEHHSIM MPAKTUK TaKUX MOOJAMHOKUX
CTyZeHTIB. YacTo CTyIeHT Ha MpaKTHUIll — LIe JeuieBa podoya cuia, sika, BIATaK, HE MO-
xe OyTH AKiCHOI. BHAacHOK IbOTO BUHUKAIOTh B3a€EMHI HEBJIOBOJICHHSI.

[TocuneHHsl €eBpOIHTETpaLIiHUX MPOIECIB B IapUHI OCBITH 1 HayKH € OAHUM 13
NUISIX1B TMTOKPAILEHHS SKOCT1 MATOTOBKH (haxiBIlIB ajis ranysi [1, 2].

[TinroToBKY KajpiB AJis AepeBOOOPOOHOT rairy3i B YKpaiHi CbOT0/IH1 3A1MCHIOIOTH
YOTUPU YHIBEPCUTETH, CIM Tally3eBUX KOJICIDKIB, YOTHUPU BHUIIUX MpodeciiiHo-
TeXHIYHUX YYWJIMINA 1 IEK1JIbKa AECATKIB 3aKJaiB MpodeciiiHOT OCBITH.

bazoBum BiTunzHssHUM 3BO 3 miaAroToBKH (HaxiBIliB IS J1ICOMTPOMHUCIOBOTO KOM-
iekcy € HarioHanbHui gicoTexHIYHUN yHIBepcuTeT YKpainu. IliaroroBka Qaxisiiis-
TEXHOJIOTIB 3MIMCHIOETHCS HABYAIbHO-HAYKOBUM 1HCTHUTYTOM JI€PEBOOOPOOHUX TEXHO-
Joriit 1 nu3aiiny. Ha TexHonoriunux xadeapax iHCTUTYTY 30cepemxeHo a0 80 % Hay-
KOBO-TI€JJarOT14YHUX KaJpiB, sIKI MalOTh 0a30BY OCBITY 1 BIATMOBIAHY HAYKOBY CII€Liajb-
HicTh. TyT mpaiooTh Maibke yci JOKTOPH HAayK 3a TEXHOJIOTTYHOIO JAepeBOOOPOOHOI0
crierianpHICTIO. Bumyck TexHom0riB 3 1epeBooOpoOku BeaeThes 3 1946 poky. CtaHoM
Ha CHOTOJAHI TYT TOTYIOTh 3a yCiMa pIBHSAMH: OakajaBp, Marictp, AOKTOp ¢igocodii i
JOKTOP HaYK.

3a mepioa 3 1998 p. 1 mo 2015 p. anst AepeBooOpoOHOT ramy3i MiAroTOBIEHO Maii-
)K€ MIBTOPH TUCSU1 (DaxiBI[IB-TEXHOJIOTIB 3a cTalioHapHow (hopmoro HaBuaHHs. [{opiu-
HO 32 TEXHOJIOTIYHUMHU (JIepEeBOOOPOOHUMH) HaAINpSIMaMH/CIEIaJbHOCTIMH HaBYAIOCS
B121 300 1o 500 cryaentiB (puc.1).
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Beporo crynertie  EE T4 muaTHIE

Puc. 1. Konmunzenm cmyoenmie HHI /IT/] (T®) cneuianvnocmi JIT (IMT) — (Oe-
Pes0oopooHi ma med1esi mexHo102ii)

[Tonpw 111 Ta 1HII AOCSITHEHHS OUIBII BaXKJIMBUMU € MMUTAHHS TIEPCTICKTUBH — TTH-
TaHHS IUJISX1B PO3BUTKY BITYM3HSIHOI 1€peBOOOPOOHOT OCBITH 1 HAYKH.

VYkpaiHa nparte iHTeTpyBaTUCh A0 KpaiH €BpOCO03y, MalOYU IPU LIbOMY 1CTOTHE
BIJICTABaHHS y CBOEMY PO3BUTKY, MPUPEUYCHA WTHU CIiJIaMU MEPEOBUX €KOHOMIK, Bpa-
XOBYIOUH IPH IILOMY CBOi «HalLllOHAJIBbHI» ocobmuBocTi [1, 2, 13, 14]. Tlepenoi ekoHO-
MIKH MPSAMYIOTh 10 HOBOI'O €KOHOMIYHOTO MOPSAJAKY (HOBOi €KOHOMIKH) 3HAXOIYUCh HA
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PI3HHX CTaAisX €KOHOMIKH TPaH3UTY. YKpaiHa 3HAXOAWTHCS HA ii MOYATKOBIN CTaii.
ExoHomika TpaH3UTy — MOCTYMOBE BIPOBAHKEHHS 3aX0/IIB 3 €HEPro30EpEKEeHHS B YCiX
cdepax; MOCTYNOBHI Mepexia BiJ HEBIAHOBIIOBAJIbLHUX JKEPET €Heprii A0 BiIHOBIIIO-
BaHUX; MEPEXi A0 MAJOBIAXOIHUX TEXHOJIOT1H; PO3BUTOK TEXHOJOTIN yTHIII3alll CMIT-
TS (BIAXOIB) 1 HOr0 BTOPMHHOTO BHUKOPUCTAHHS; MOCTYIOBE BIPOBAIKEHHS €KOJIOr0-
0e3MeyHuX TeXHOJIOTIH (3MEHITICHHSI HETaTUBHOTO BIUTMBY TEXHOJIOTIH Ha JTOBKIJIIA).

JI0o OCHOBHMX TPHUHIIUITIB HOBOI €KOHOMIKA BIJTHOCSATH: 3HAYHA YaCTHMHA €HEPTii
BUPOOJISIETHCS 3 BIAHOBIIOBAHUX JIKEpEJl €HEPrii; BUKOPUCTaHHS O€3BIIXOJHUX TEXHO-
JIOT1¥; BUPOOHHUIITBO PECYPCIB BHACTIIOK MEPEPOOICHHS CMITTSI MOOYTOBOTO Ta MIPOMHU-
CJIOBOTO IMOXOJIPKEHHS, BIJICYTHICTh HETaTUBHOTO BIUIMBY TEXHOJIOT1M HA JOBKULIS; MOC-
TYIOBE BIJTHOBJICHHS Oi0cepr; BUKOPUCTAHHS IITYYHOTO 1HTEJIEKTY; PO3POOJICHHS HO-
BUX (y T.4. MOAM(DIKOBAHKMX ) MaTepialliB Ta 610TEXHOJIOT1H TOIIIO.

[le HalixapakTepHIillll PUCH IO CTOCYHOThCS JHIIe chep BUPOOHUIITBA 1 €HEpre-
TUKH. 3 OTJISiAy HA BUINE HABEJEHE MEPCIEKTUBY BITYM3HSIHOI AEPEBOOOPOOHOT TEXHO-
JIOT1YHOI HAYKH 1 OCBITH € HACTYITHUMH:

e ®dopMyBaHHSI HOBUX 3HAHb 1 MOTJISAAIB TIPO JEPEBUHY, SK BITHOBJIIOBAHE JKEPEJIO CUPOBHUHH 1
eHeprii. MoaudikyBaHHS J€peBUHU 1 JCPEBUHHUX MaTepialiB 3 METOI0 HaJaHHA iM KpaImx
eKCIUTyaTaIliiHUX 1 ECTETUYHUX XapPaKTEPUCTHUK (CBITOBUI TPEH/, SIKWW IHTEHCUBHO PO3BHBAETHCH).

e Po3po0iieHHs 1 BOPOBAKEHHS €KOJIOTOOE3MEYHNUX 1 PECypCOONIaHIUX TEXHOJIOTIN CYIIIHHS,
CKJICIOBAHHS JIEPEBUHHU ii OMOPSKEHHs (MOYMHAIOYH BiJ] €Taly BUTOTOBJICHHS KIIEiB 1 1akopapOoBUX
MarepiaigiB, MPOJOBXKYIOUH dYepe3 TEXHOJOTIi CKJICIOBAaHHS 1 OMOPSKCHHS, BPAaXOBYIOUYH eTall
eKcIuTyararii BUpoOiB 1 3aBepiryroun ytuimizaiieto [3-12]). Bukopucranus 3aiauiikiB 1epeBooOpOOKH
JUTsl BUPOOHUIITBA aJIbTEPHATUBHUX BUJIIB MAJIMBA — TPAHYJ 1 OPUKET Ta 1H.

e BrnpoBamkeHHs MaJoMOAHUX 1 OE3MIOJHUX TEXHOJOTIH O0OpoOSIOBaHHS JEPEBUHU 1
BUTOTOBJICHHS MPOAYKIIil 32 paXyHOK BIIPOBA/KEHHS €JIEMEHTIB IITYYHOTO iHTENEKTY.

Bume nepeniueHi 3aBaaHHs Ui HAYKH Ta OCBITH JIeXKaTh B OCHOBI MiATOTOBKH
(haxiBIIB-TEXHOJIOTIB 3aKJIaJaMH BUIIOI OCBITH. SIKICHA K MATOTOBKA KaJpiB MOBHHHA
TaKOXX BPAaxXOBYBATH CydaCHI TEHCHII Ta 0COOIMBOCTI PO3BUTKY €KOHOMIK B YMOBAax
riI00am3aliiHuX IPOIeCiB:

e CBpOIEHUCHKI EKOHOMICTH MPOTHO3YIOTh HACTYITHI 3MIHU y PI3HHUX cdepax 3aifHATOCTI HA Tep-
cnektuBy 10 2025 poky. CKOpoUYeHHS 3aiHATOCTI MPOTHO3YEThCA Yy cepax: BUAOOYTOK BYTULIS 1 po-
3pobrneHHs kap’epiB (~20%); ciTbChKE TOCMONAPCTBO, JICIBHULITBO 1 prubanbcTBO (~20%); enexTpuka,
ra3, kouauiionyBanHs (~10%); BomomocradaHHs, KaHaii3allis, yOpaBliHHA Bigxomamu (~6%); mpo-
MUCJIOBICTh, MUCTELTBO, pekpeanis (~5%).3pocTanHsl 3alHATOCT] Y HACTYMHUX cdepax: HayKa 1 TeX-
Hika (~20%); ocsita (~10%); iHpopmaTHKa 1 komyHikaii (~10%); oxopoHa 370pOB’s 1 coliagbHa po-
6ota (~8%). HocmimxenHs mposeneHi y €C moka3yioThb, M0 3a HaOYTUMHU CIEUIALHOCTSIMU Y
3aximHux kpainax €C He mpairoe ~ 35 %, y nenrpanbHux ~ 50 % i ~ 60 % y cxigHux kpaiHax. B
VYkpaini nonan 60 % maroTh mpoOiemMu 3 IpaleBIalliTyBaHHIM 3a 3100yTOI0 CTIeHiadbHICTIO. 3TiAHO 3
nocmikeHHsIMu Okcopacekoro yHiBepcutery 10 2025 y po3BUHEHUX €KOHOMiKax 3HMKHYTH 40-50
% mnpodeciii. HaToMicTh iHIIII OTPUMAaOTh PO3BUTOK, @ Ti SIKUX 3apa3 HEMA€ CTaHYTh 3BUYAHUM SBH-
meM. 3a JanuMu poboTtonaBiiB «auctuin» (100%-uit) iHKEHEP-TEXHOJIOT HEe TyKe MOTPiOHUN BUPOO-
HUYHUM cdepam nmpoMuciaoBocTi. Binrak 3atpedyBanumu € «riopun» — 50-70% TexHouor, pemra — Me-
HE/Kep, Iu3aiHep, OyXranTep, MporpamicT 1 iHIIe 3aIeXKHO BiJ CUTYAIll.

e B Vkpaini Haniuyerscs nonan 400 tuc. 6e3poliTHuX. 3 HUX: moHan 40% 1e oAU 3 BUIIOKO
OCBITOI0, 3 MPOQECIITHO-TEXHIYHOIO 0CBITOI0 ~38%, 3 cepeaHboro ocBiToo ~20%. Ha 3aran — ne monu
NEPEANEHCIHOTO BiKy, IKUM YK€ BaXXKO IepeydyBaTHch. TuM maue, mio B YKpaiHi Maiike BiICyTHS
cCUCTEMa TePeriAroTOBKH KPIiM TOTO BHUIIA OCBITa 0 IOTO HETOTOBA. [Ipoliec mepemiiroToBKy Xapak-
TepHI/Iﬁ THUM, 110 JTIOAHU HpHﬁIIyTB HC 3a JUITJIOMOM, a 3a KOHKPCTHHUMU 3HAHHSIMMU.

e VYKpaiHa 3HaXOAMUTHCS Y CTaHI CUCTEMHOI KpH3H, SIKa MPOHU3YE yci chepu — sIK BUPOOHHIITBO,
TaK 1 OCBITY Ta HayKy. /{7 KpU30BOrO CTaHy XapaKTepHUM € Te, 10 3HaYHA YacCTUHA POOOYHX MICIIb
HE € TPAJUIIIHO 3 TTOBHOIO 3aHATICTIO 1 MOBHUM COLIQJIbHUM MaKETOM — KOPOTKOTEPMIHOBI KOHTpPAK-
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TH, CE30HHI POOOTH 1 4acTKoBa 3aHATICTh. Lle HEoOXigHO BpaxoByBaTH BOpraHizallii HaBYaJIbHOTO
nporecy Ta ¢opMmyBaHHI ckiany kadeap. HoBi TexHomorii B ykpaiHCbKOMY Oi3HECI «IOTIAfar0Thy
croyaTky y cepy BUpOOHHIITBA, TOMY Oi3HEC MPO HHUX 3HAE IIBUIIE Ta KpaIle i TOBHHEH aKTHBHIIIIE
JOJIY9aTHCS 10 TIPOIIECY MIATOTOBKH KaapiB, 0OCOOIMBO MPAKTHYHOI MiATOTOBKH.

3 ornsay Ha BUIlE HaBeJeHEe HEOOX1IHO rOTyBaTH CTYJEHTIB BUUTHCS YNPOIOBK
KUTTS 1 BMITH IPUCTOCOBYBATUCH J0 3MIHU CUTYaIIIi.

B opranizauii HaBuanbHOTO MpoLieCy HEOOXITHO 3/A1MCHIOBATH OpTaHi3alliiiHy Ta
CTPYKTYpHY epeOyAoBy kadeap, IHCTUTYTIB Ta 1HIIMX CTPYKTYPHUX MiApo3aLTiB. Bu-
KJIaa1bKa JisUTbHICTh HE TIOBUHHA OYTH €IMHUM JKEPETIOM JOXOAIB. Y4acTh y MIXKHa-
POTHUX MPOEKTax, rpaHTax, podora 3a gaxom Ha ¢ipmMax, HAYKOBI KOHCYJbTAIIl TOIIO
MOBUHHI CTaTH HOPMOIO JIISUTEHOCTI BUKJIa/Ia4yiB. 3BUYHUM SIBUIIEM MOKe OyTH HETTOBHA
3aHATICTh BUKIaaada (0.25-0.5) ctaBku. YacThHa KOJIEKTUBY OOHMPAETHCS TEPMIHOM Ha
5 pokiB, yacTuHa Ha 1 piK 3aJe)KHO BiJ HaBaHTa)KeHHs. [0 IbOr0 KOJIEKTUB HEOOX1THO
rotyBatd 1 GOpMyBaTU HOBY I'eHEpallil0 BUKJIagaviB.

HaiiaxmuBimmMu 3aBAaHHAMHE Y MIDXKHAPOJIHIM CIIBMpaIll Ha HAITy TYMKY €:

1. TIpomoBkeHHsI poOOTH 3 0O)OPMIICHHS 3aIBOK Ha YYacTh y MDKHAPOIHUX IPaHTaX 1 Mporpamax.
2. Po3po0ieHHs cHCTeMU 3aX0/1iB 100 MPOXOHKEHHS CTaXKyBaHHs BHKJIaJa4uiB y 3aKOPJOHHUX.
3. HaGmmwkeHHs HaBUaJIBHUX ITUIAHIB MiATOTOBKH TEXHOJIOTIB 3 JIepEeBOOOPOOKH 10 Kpamux 3a-

KOPJIOHHUX aHAJIOTiB, a TaKOX pPO3pPOOJIEHHS CHUIBHUX OCBITHIX Ta HAaBYaJbHUX MpOrpamMH Ha
MaricTepchbKOMY piBHI.
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JOCJIIKEHHA (I)OPMOCTI.P'IKOCTI
KJEEHUX IIUTIB I3 BJXUBAHOI JIEPEBUHUA

BcranoBneHo, 10 A1 BIOPSIAKYBAaHHST BUKOPUCTAHHS JIICOBUX PECypciB YKpaiHM HEOOXiTHO
NPUCKOPUTH TPUHHATTA 3aKOHIB IOJO pPECypco30epekeHHs 1 BUKOPUCTaHHS BTOPUHHHX BiJIXOJIB.
BixuBaHa fepeBrHa € T0JaTKOBUM PECYPCOM, MPUIATHUM JIJIsl MaTepialbHOTO BUKOPUCTAHHS, 30KpeMa
y BUPOOHHIITBI IIUTOBUX eNeMeHTiB. JlocmikeHo, o (GOpMOCTIHKICTh CTOISPHUX IIUT Ta MEOIEBUX
IIUTIB TIPH BUKOPHUCTAHHS pelok mmpuHoo 20-40 MM , BiAMOBiae BUMOTraMm cTanaapTy. @opMocCTiii-
kicth koMOiHOBaHuX CII i3 BXK]] € Bumoro, Hixk MeOIEeBUX MIMTIB 32 OJJHAKOBUX KOHCTPYKIIii, 30Kpe-
Ma CKJIQJalIbHUX €JIEMEHTIB — peiiok. BcTaHoBieHo, mo it 3a0e3nedeHHs MiANpUEMCTB BXXUBAHOIO
JePEBUHOI0, MOXKJIMBO, KPIM 3BHYAWHUX IIUTOBUX €JIEMEHTIB, BUTOTOBIATH KOMOiHOBaHi. PekomeH-
JIOBAHO JIJIs1 TTiIBUIICHHS ()OPMOCTIHKOCTI IMUTOBUX CKIIAJIaIbHUX OJUHUIIb 0a)KaHO BUKOPHUCTOBYBATH
peiiku Manux MmMUpUHOO 10 40 MM.

KurouoBi ciioBa: BxxuBaHa AepeBrHa, CToJisipHa tuTa 13 BXK/], me6nesuit T 13 BX], kiee-
Hi IUTH, TEXHOJIOTis, HOPMOCTIHKICTS.

CTaH NUTAHHA Ta aKTYyaJbHICTb. /[epeBHI BiAXOAH yTBOPIOIOTHCS Y BUPOOHU-
KiB JIEpEBOOOPOOHOT MPOAYKIIIi 1 CIIOKMBAYIB JIepeB’ sTHUX BUP0OiB. Ha choroHi €1uHOi
kinacudikarii 1epeBUHHUX B1AXOM1B HeMae. MokHA 1X MOAUTMTH HA BIXOIU TEXHOJIOT1-
yHi (YTBOPEHI B MPOILIECi BUTOTOBIIEHHS BUPOOIB) 1 BXKMBaHI BiAX0AU (YTBOPEHI BHACHI-
JIOK BUKOPHUCTAHHS 1 BUKUIAHHS TUX XK€ BUPOOiB). HecTaua 3akoHIB 1 BiMOBITHOT KJa-
cudikarii 1epeBHUX BIIXOIIB 3TAHO 3 TOKCHYHICTIO 1 MIKIJIUBICTIO CIIPUYNHIOE Oarato
HEMOpPO3yMiHb, SIK y TPAKTyBaHHI CaMOT'0 TEPMiHY BIIXO/iB, TaK 1 B MIAXO1 JI0 iX €KO-
HOMIYHOTO Ta €KOJIOTIYHOTO 3aCTOCYBaHHSI.

CroromHi irypye oOTpyHTyBaHHS, IO BIIXOIU — I1¢ OE3MOBOPOTHI BTPATH IS
MiAMPUEMCTBA, SIKi 00 CHIAIOIOTHCS 200 BUBO3ATHCS HA 3BATUIIE, a 3aJIUIIKH JIEPCBUHH
B1Jl OCHOBHOI IIPOJIYKIIIT — 11€ IEPEBUHHUIN pecypc, AKUH MOe OyTH MPOJAaHUM 1HIIIOMY
BUPOOHUKY a00 nepepoOJieHHi Ha TI0JaTKOBY MPOAYKII 1 TAKOXK peai30BaHOI0.

baraTo HEemopo3yMiHb BUHUKAE 1€ ¥ TOMY, 110 TIO-OJTHOMY OIIiHIOE BiJIXOJU BH-
POOHUK, TIO-IHIIIOMY — CIIOXKHMBAY, a II¢ 1HAKIIe COPUUMAIOTh iX 3 OTJISAY HAa OXOPOHY
JOBKiLIA. BBakaroTh, 10 JepeBHUHA SIK HATypajdbHA CHPOBHHA HE MOXKE 3arpO’KyBaTh
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noBkiLTO. Lle 3anexxutp Bif iX BUIY, KITIBKOCTI Ta croco0y yrumizanii. KinbKicTs 1 k-
ICTh BI1IXO[IB 3yMOBJIEHa Mpo(ijieM MPOIYKI[li Ta TEXHOJOTIE, BIPOBAIKEHA HA Ja-
HOMY HIANPUEMCTBI.

CporofHi aKkTyaldbHOIO MPOOJIEMOI0 KOMIUIEKCHOTO BHUKOPHUCTAHHS JEPEBUHHOL
pecypciB € EKOHOMIYHO Ta €KOJIOTTYHO OOTPYHTOBAHI 3aX0/IU 3 MEPEPOOICHHS JePEBUH-
HUX BiAXO0AiB, 30Kpema BxkuBaHoi nepeBunu (BXKJI). IlimcraBoro mist ominku BXK]] 3
oTJIsAly Ha 0e3neKy MOBKULIA € ix xiMiunui cknan. B HIITY Ykpainu po3pobneno Kia-
cudikarop BXK/, 3rigHo sixoro Bcro BXK]I momineHno Ha yotupu kareropii. s matepi-
anpbHOTO BUKOpHcTaHHs npupatHa BIXK]I mepmioi ta apyroi kareropii. I3 skicHOi oun-
mieHoi BXKJ[ (crapux meOneBUX 1 CTOJMAPHO-OYIIBEIBHUX BUPOOIB) MOXKHA OTPUMATH
JOIIKU, OPYCKH, PEUKH, a TaAKOX TEXHOJIOT1YHY TpicKy. BimcoproBaHi Ta BUNWISHI Ha
BIJIMOBIHI TToniepeyHi po3Mipu peiiku 13 BXK]I pi3Hux mopig MoXyTh OyTH BUKOPHCTaHI
JUTSl BUTOTOBJICHHS KJIEEHUX IIUTOBUX €JIEMEHTIB, 30KpEeMa, CTOJISIPHOI IJIUTH Ta MeOIie-
BOTO IWTa. AJie BIJICYTHICTh TE€XHOJOTIYHUX PIllIEHb, MPAKTUYHUX PEKOMEHIAIIN Ta
NEepeBIpEeHUX MOKA3HUKIB, B TOMY YMCHi, HA (POPMOCTIHKICTh, BUMAratoTh €KCIepUMEH-
TaJIbHUX JOCIIIKEHD.

Meta pociigseHb — TOCTIIUTH Ta BUKOHATH MOPIBHAIBHUMN aHali3 (POPMOCTI-
KOCTI IIMTOBUX €JIEMEHTIB KJIIEEHUX KOHCTPYKLIi, 3poonenux 13 BXK/I.

O0’exT gocaimkeHb — KiceHl muToBl exreMmeHntH i3 BXKJ] : meOmeBuii mur Ta
CTOJISIpHA TUTMTa KOMOIHOBaHUX KOHCTPYKITIN.

IIpeamer aociaigkeHb — 3aKOHOMIPHOCTI BIUIMBY KOHCTPYKIIiH IIUTIB HA (hopMoO-
CTIAKICTh TOTOBUX BUPOOiB 13 BXK]]

Metoauka aoc/igkeHb. 3arajibHa METOJMKA JOCIIHKEHb BKIIOYAE: 3aroTiBIIIO
BXX/1. Ouumienns ta copryBanHs BXK/]. TexHosoriuui ornepartiii 3 BUATOTOBJICHHS PEHOK
3 BXX/I. BuroroBnennst mebsieBux mutiB 13 BJXKJ[. BUrotoBneHHs CTONSIPHUX IIUTIB 13
B2XX/I. Burorosnenns cronspuux miuT i3 BXK/I. [lepeBipka Ha ¢hopMOCTIHKICTD CTOJISI-
PHHX IUTUT Ta MEOJIEBUX LIUTIB.

Martepianu a1 npoBeACHHS IOCHiKeHb — 11e 3arotoBku BXKJ[ mopoan ay6 Ta
cocHa, kieit [IBA xommanii Jowat, ¢hanepa, TOBIIMHOIO 4 MM.

Peiiku 3aroroBmsiiuce nonepedyHuM posmipom 20x20, 20x40, 20x60 mm. [licas
CKJICIOBAHHS OJIEp>KyBaju KamiOpoBaHi muTH po3mipom 450x450x16. JInukoBaHi CTO-
asipHi oty 13 BXXK][ Manu toBumny 22 M.

JIist BUpIIIEHHS TMOCTaBJICHUX 3aBJaHb JOCTIIKEHb OYJO0 BUKOPUCTAHO IUIAH
JPYroro MOpsiKYy, SIKUA JO3BOJISIE OTPUMATH MaTeMaTUYHUM onmuc 00'€KTa y BUTIJISAI
MOJIIHOMY JIPYroro mopsaky (KBagpaThyHa MOJIENb). Y 3arajibHOMy BUNAAKy uis k
3MIHHHMX (PaKTOpPIB perpeciiiHa MoJiejib Ma€ BUTJISI:

K K k
y=b0+zbixi+zbiixi2+ zbiuxixu > (1)
i=1 i=1

iu=1

ne: b, — BinbHUIA wien; b; — niHilHI KoedimienTu perpecii, i =1,k ; b; — kBagpaThuHi
koedimienTn perpecii; by, — KoedilieHTH MPU MapHUX B3aeMoisX, # =1,k (i£u).
PiBHsHHS perpecii, ke MOXKHA OTpUMAaTH y Pe3yJbTaTi peanmizaiii B-tuiany ajs
1BOX (paKTOpiB, Ma€ TaKMi BUTTISALN : V= b, +b,x, +b,x, + b, x; +b,, x> + b, x,x,.
JIns ABOX 3MIHHUX (paKTOPIB KIJIBKICTh JOCHIAIB B-mutany nopiBHIOE
N=224+2%2=8. OCKiJIbKM Ha OCHOBI IIOIIYKOBOT'O €KCIIEPUMEHTY BU3HAYEHO, 1[0 B KOXK-
HOMY JIOCJIIJII OYJIO MMPOBEJICHO I’ SATh CIIOCTEPEKEHb, TOOTO KUIBKICTh CIIOCTEPEKECHD B
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excriepuMenTi JopiBHIOE 8%5=40. I1{06 yHUKHYTH CHCTEMaTUYHUX MTOMUJIOK, yC1 CTIO-
CTEpEXKEHHSI MPOBOIMIIN 3a TEHEPAIlI€I0 BUMAKOBUX YUCEN. Y pe3yNbTaTi JOCTIIKEHb
SBHILIA 3 JTITEPATYpPHUX PKEPEI, IPAKTHUHOTO JTOCBIAY 1 TEOPETUYHOTO aHAJI3Y JTOCIII-
HUK OyJ10 BUOpaHO 001acTh ekcriepuMeHTy (Tadum. 1). 3MiHHUMHU (haKTOpaMu ISl KOM-
6iHOBaHUX UT Oynu mmpuHu peitok 13 BXK]I 20, 40, 60 mm my6a (Bx) ta cocau (Bc).
Buxigaum nmapamerpom Oys0 BIAXWIEHHS S BiJ IJIOIMHHOCTI OJEPKaHUX KOM-
O1HOBaHUX IIUTOBUX €JIEMEHTIB, CTOJISIPHOI IJTUTH Ta MEOJIEBOIO LIUTA.

Taoauus 1. Matpuus B-muiany 115 1BoX 3MiHHUX (paKTOPIB

3HadyeHHs BXiIHUX (PAaKTOpPiB y AOCIHIii
No nocmimy Y HaTypalbHOMY MO3HAYEHHI1 Y KoJI0BaHOMY MMO3HAYCHHI
B Bc X1 X2
20 20 20 -1 -1
60 20 20 1 -1
k
N2 20 60 60 -1 1
60 60 60 1 1
20 40 40 -1 0
31pKOB1 TOUKHU 60 40 40 1 0
40 20 20 0 -1
40 60 60 0 1

BumMiproBaHHsI CTpiu TPOTUHY (BIAXUIICHHS BiJ TUIOLMIMHHOCTI) SIK OJTHIET 3 OCHO-
BHHMX XapaKTepUCTUK (OPMOCTIHKOCTI 3A1MCHIOBANIN TICII THYKHEBOI BUTPUMKH €KCIIe-
PUMEHTAJIbHUX 3pa3KiB y KIMHATHUX YMOBax. BUMiproBaHHS MPOBOAMIIN 3a I0MTOMOTOIO
eKkcrepuMeHTalnbHOi yctaHoBkuy 3 UITY (puc. 2).

o ome [KIIID Wers Ofrvers: 580000 vo 0000 25 o000

0.0000
0.0000

032017 Wnge - Skt W
. ety T St

Puc. 2. Excnepumenmansna ycmanoeka 3 4I1Y ons eusnauennsn gpopmocmiikocmi

3navenHs ynucioBoro iHaukaTopa II'L (3)-25-0,01 (Tounicts BumiproBanss 0,001
MM) 3UYUTYBAJIUA 3a JOTIOMOTOI0 MporpaMHOro 3abesneueHHs Gipmu «MikpoTex» THITY
YIC-P1-COM Ta nepenaBanu y cepenonuiie Microsoft Excel qys 3anmucy ta 06po6eH-
Hs. Bci 3HaueHHsT HOPMOCTIMKOCTI OIEp’)KaHUX IIIMTOBUX €JIEMEHTIB IMTOPIBHIOBAIIU 3 HO-
pMatuBHOIO BennunHOMO (0,3 MMm) 3riqao 'OCT 6449.3 "lonycku Ta nmocaaku. Jlomyc-
Ki (hOpMU Ta pO3MIILIEHHS OBEPXOHB'". 3a pe3ysibTaTaMy MOPIBHSHHSA POOWIM BUCHOB-
KM Ta HaBOJWJIM MPAKTUYHI PEKOMEHIaLlIi.
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Pe3yabTaTn ofep:kaHHs mMTOBHX ejeMeHTiB i3 B/K/L. 3a pe3ynbraramu noc-
JiKeHb OyJI0 BUTOTOBJICHO B3IpIi — MeOJieBl MMTU Ta CTOJsIpHI Tuuty 13 BXKJ nms
MOTAJIBIIIOTO EKCIIEPUMEHTATIHLHOTO TOCIPKEHHS Ta TOPIBHSAILHOTO aHATI3Y.

B3ipui MaroTh BUTIISA MPOAYKIT 13 psiay HamiB(aOpukaTiB, a caMe KOMOIHOBAaHUX
KOHCTPYKIIH — Me0JIEBOTO IIMTa Ta CTOJSPHOI TUIMTH JTUYKOBAHOI (paHEPOIO 3 po3Mipa-
mu 450x450 mm (puc. 3, 4).

cmonaprnoi nnumu ma MII] i3 B/K/]

Puc. 4. Buenao cmonapuoi nnumu iz BK/]

CkneroBanns periok 13 BXK]] 3a mupuHOI0 y IUTH MPECTaBICHO HA PUC. 5.

Puc. 5. Ilpouec cknerosanns wgumis
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CtpyraHHs CKJIEEHUX LIUTIB B PO3MIp 3a TOBIIMHOIO (pHC. 6).

Puc. 6. Bukonanua onepayii cmpy2anua CKI1€EHUX WUMIE 3a MOGU{UHOI0

OnepxaHi NTUTOBI €JIEMEHTH 13 BXKMBAHO1 JEPEBUHU PI3HUX KOHCTPYKIIM ITi1JIsI-
rajuv BUMPOOYBaHHIO Ha (DOPMOCTIHKICTB.

PesyabTraTH BUNpoOyBaHHSI IIMTOBUX ejieMeHTIB i3 BXK/ Ha dopmocriii-
KicTh. BIUIMB IIMPUMHU peHOK KOMOIHOBAHUX CTOJIAPHHMX IUIMT HA (opMoOCTii-
KicTb. Pe3ynbratu ekcriepuMeHTaIbHUX JOCTIIKEHb BIUIUBY IIMPUHUA PEHOK KOMOIHO-
BaHUX CTOJIIPHUX ILIUT HA (POPMOCTIMKICTh MPEICTABICHO Y Ta0. 2.

Tabauusa 2. Pesyabratn ekcnepuMenTaabHux aociaigpkensb CII i3 BXK/{

‘B ‘ _ 5 CepenHe 3Ha49€HHS B j-iii BUOipIi
(‘é( > Pesynpratn Vj; MminHOCTI Ha cTaTuuHuUil 3ruH, Mlla —
2 Vij V2 V3 V4 Vsi Y
1 0,154 0,157 0,150 0,156 0,151 0,153
2 0,254 0,257 0,250 0,256 0,251 0,254
3 0,234 0,237 0,230 0,236 0,231 0,233
4 0,326 0,329 0,322 0,328 0,323 0,326
5 0,228 0,231 0,224 0,230 0,225 0,227
6 0,244 0,247 0,240 0,246 0,241 0,244
7 0,221 0,224 0,217 0,223 0,218 0,221
8 0,242 0,245 0,238 0,244 0,239 0,242
Cyma 1,90

I'padiuna iHTEpmpeTalliss OTPUMAHOI PErpEeCciitHOI 3aeKHOCTI MPEJCTaBIeHa Ha
puc. 7.

0,350

E
0,303

& 0,300 0260
=4 0,237 0,270
§ 0,250 9225/ 0,250
0
= 0,200 -6;260 0.203
o
i)
§ 01150 ,,0,176
=
=
£ 0,100
s
2 0,050 Be=20
e ——Bc=40

0,000 Bc=60

20 40 60
LLinpuHa periok Ba, mm

Puc. 7. 3anescnicmob ycepeOnenozo gioxuienus S (6i0 niiowyuHHOCmI) CMoOaAPHOT
naumu 6i0 wiupunu peiiku 3 B/K/[ (0yo) By (x1)
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Sk BunHO 3 puc. 7, 301nbmeHHs mmpuHa periku 3 BXK/ (ny6) CII npusBoauTs 10
301IbIIEHHST BIAXWJIEHHS S. A TakKoX, TEHJEHIS II0A0 3aJeKHOCTI BIUIMBY IIMPUHH
pPEeNKH 13 COCHM Ha BIIXUJICHHS CTOJISPHOI TUTMTH BiJl IUIOMIMHHOCTI € TMPSIMOJIIHIHHOIO.

Bapro 3a3HauuTH, 10 XapakTep BIUIMBY LIMPUHU PEUOK HA yCEpeIHEHE BiJIXU-
JIEHHS S € HeJIIHIMHUM, X04Ya BHACIIOK IIbOI0 MOYKHA 3 MEBHOI IMOBIPHICTIO MPHITYC-
TUTH HAsIBHICTh TEHEHIIIN MPsIMOT MPOIMOPIIHHOCTI (puc. 7).

Onep:kaHe pIBHSHHS perpecii B HOpMali30BaHMX 3HAYCHHSAX 3MIHHUX (PakTopiB
Ma€ BUTIIS: y= 0,225 + 0,035x; + 0,029x, + 0,01x; + 0,006x,2 - 0,002xX>
ne: By— mmpuna peiiku 3 BX]] (1y6) CII; B¢ — mupuna peiiku 3 BXK/I (cocna) CIT;

S — ycepeaHeHe BigXuieHHs BiJ IIOMMHHOCTI, TOOTO cTpina nporuny CII.

BigxuneHHst BiJl TJIOMMHHOCTI 3a CTPUIOI0 MPOTHHY JUISl CTYNEHS TOYHOCTI 12
JUISL BCIX EKCIIEPUMEHTAIBLHUX 3pasKiB, 3aJ0BONBHSAIOTH BuUMOTH craHmapty ['OCT
6449.3-82.

3a pe3ynbTaTaMu €KCIEPUMEHTY 3/1HCHEHO ONTUMI3AliI0 MIMPUHUA PEHOK 3a J0-
MIOMOTOI0 TPAJIEHTHOTO METOJY, BHACHIIOK SIKOi BUSBJIEHO, 110 MIHIMAQJIbHE 3HAYCHHS
BIIXUJICHHS Spin = 0,176 MM, B3sTe 3a aOCOJIOTHOI BEJIMYHMHOIO MOXKHA OTpUMATH 3a-
¢ikcyBaBmu po3MipHi napametpu mupunu peitok CII i3 BXK/(ay06): By = 20 mm; mu-
puHa petiku 3 BX][ (cocna) B¢ = 20 MM (puc. 8).

——
‘ H 0,30-0,35
0,20 @ 0,25-0,30
] m 0,20-0,25
#,,,,,,,,'«f~"””’”""” 0,15 [@0,15-0,20
00,10-0,15
0,10 m0,05-0,10

20
0.05 @ 0,00-0,05
36

5 | 0,00
s 2 ¥
BC, MM 36

28
20 Ba, Mmm

Puc. 8. 3anexncnicmo ycepeonenozo gioxunenna S (6i0 naowuHHOCI) CIMOJIAPHOT
naumu 6i0 wiupunu peiiku 3 BK/[ (0yo6 ma cocna)

BnuimB mupuHM peiiok KoMOiHOBaHMX MeOJieBUX IIUTIB HA GOPMOCTIHKICTB.
Pesynbpratn ekciepuMEHTAIBHUX JTOCIHIKCHb BIUIMBY IMUPUHU PEHOK KOMOIHOBaHUX
MeOJIeBUX IUTIB HAa (OPMOCTIHKICTD MPECTABICHO Y TalI. 3.
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Taoauus 3. PesyjabTaTn ekcnepuMeHTaabHUX gocaixxedb MII i3 BXK]{

‘B ‘ ‘ 5 Cepenne 3HaYeHHS B j-iii BUGipIi
é > Pesynpratn Vj; MinHOCTI Ha cTaTuyHuUil 3ruH, Mlla —
z Vij b V3 b Vs Y
1 0,198 0,202 0,193 0,200 0,195 0,198
2 0,305 0,309 0,300 0,307 0,302 0,305
3 0,305 0,309 0,300 0,307 0,302 0,305
4 0,388 0,392 0,383 0,390 0,385 0,388
5 0,225 0,229 0,220 0,227 0,222 0,225
6 0,311 0,315 0,306 0,313 0,308 0,311
7 0,294 0,298 0,289 0,296 0,291 0,294
8 0,336 0,340 0,331 0,338 0,333 0,336
Cyma 2,36

OpnepkaHe pIBHSHHS perpecii B HOpMali30BaHUX 3HAYCHHSX 3MIHHUX (PakTopiB
Ma€ BUTJTIS: y= 0,284 + 0,046x; + 0,039x; - 0,016x;2 + 0,03 1x,% - 0,006X x>
ne: By— mmpuna peiiku 3 BXX/] (1y0) CII; B¢ — mmpuna periku 3 BXX/] (cocna) CII;
S — ycepenHeHe BIAXWICHHS BiJl INIOIIMHHOCTI, TOOTO cTpina mporuny CII.

['padiyna iHTEpHpeTalisi OTPUMaHOT PEeTrpeciiiHOl 3aJIeKHOCTI MPECTaBlIeHa Ha
puc. 9.

s 0,400
0,377

E ’
. 0,350 0.314 _—1 0,353
o 0,312 L —
X 0,300 0,297
2 0950 0,276 0,284
g — —Ba=20
= 0200 0,222
PR ——Bn=40
=
2 0,150 0,208 ——Bn=60
=
6 0,100
o
a2
& 0,050
<]

0,000

20 40 60
LLinpuHa penok Bc, mm

Puc. 9. 3anesxcnicms ycepeonenozo gioxuienus S (8i0 niowyuHHOCHI) CMOIAPHOT
naumu 6i0 wiupunu peiiku 3 BZK/[ (0y6) By (x1)

Ak BugHO 3 puc. 9, 30inbimeHHs mupuHa periku 3 B (ny6) MI npuzBoauTh
710 30UIBIICHHS BIAXWICHHS S. A Tak0X, TEHJICHIIIS 100 3aJIe)KHOCTI BIUIMBY IIMPUHH
periku 13 cocHU Ha BiaxuiaeHHs MII] Bij MIomMHHOCTI € NpsAMOJIiHIiHO0. BapTo 3a3Ha-
YUTH, 10 XapaKTep BIUIMBY IIMPHHH PEHOK Ha yCepeaHCHE BIAXWJICHHS S € HeIiHiN-
HUM, XO4Ya BHACJIJIOK IIbOTO MOKHA 3 MEBHOI IMOBIPHICTIO MPUITYCTUTH HASIBHICTh TE-
HJEHIIIM MpsMOT TIpornopiiiHocTI (puc. 7). BiaxuiieHHS BiJ IJIOMIMHHOCTI 32 CTPLIOIO
MPOTUHY JUISl CTYNEHS TOYHOCTI 12 11l BCIX €KCIIEPUMEHTAIbHUX 3pPa3KiB, 33JI0BOJIb-
HAt0Th BUMoru cranaapty ['OCT 6449.3-82.
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3a pesynbTaTaMu €KCIEPUMEHTY 3/1MCHEHO ONTUMI3Ali0 MIMPUHUA PEHOK 3a J10-
MIOMOTOI0 TPAJIEHTHOTO METOJY, BHACHIIOK SIKOi BUSBJIEHO, 110 MIHIMAQJIbHE 3HAYCHHS
BIIXWICHHS Spin = 0,208 MM, B3siTe 32 aOCOTIOTHOIO BETUYMHOIO MOYKHA OTPUMATH 3a-
¢ikcyBaBm po3mipui napamerpu mupunu periok CII i3 BXK(ay0): By = 20 mwm; mm-
puna petiku 3 BXX]] (cocna) B¢ = 20 mm (puc. 10).

M 0,30-0,35
0,20 @ 0,25-0,30
B 0,20-0,25
0,15 [00,15-0,20
00,10-0,15
0,10 m0,05-0,10
[ 0,00-0,05

20

Be, MM 44
20 28 36
Ba, MM

Puc. 10. 3anexncnicmo ycepeonenozo gioxuienns S (6i0 niowyunnocmi) meodneeoco
wuma 6i0 wupunu peiiku 3 BK/[ (0y6 ma cocna)

IopiBHsiibHMI aHATI3 PopMocTiiikocTi. B pe3ynbrari npoBeeHHS eKCIiepH-
MeHTy Oynu oTpuMani nani popmoctirikocti MII ta CIT 13 BXX]] (Ta6:1. 4, puc. 11).

Taoauus 4. Anaui3z popmoctiiikocti MIIL i CII i3 BZK/I nuist peiiok pi3HOI IIMPUHU

Kouctpykiii kom6. muTiB 13 BXK/] Po3paxyHok Hopma % HOpMU
CII i3 BXX/I (20 mm) 0,176 0,3 59

MII] i3 BXK]I (20 mm) 0,208 0,3 69

CIT i3 BX/I (40 mm) 0,226 0,3 75

MII] i3 BXK/ (40 mm) 0,284 0,3 95

CII i3 BXX/I (60 mm) 0,303 0,3 101

MII] i3 BXK]] (60 mm) 0,377 0,3 126

Ax BuaHO 3 rictorpamu puc. 11. Halikpairy ¢GopMOCTIHKICT, Mae KOMOIHOBaHa
CTOJISIPHA TUIUTA, IMIUT SKOi BUTOTOBICHUH 3 peiiok mmpuHO 20 MM, BIAXWJICHHS Bif
IJIOMMHHOCTI siIKOi ¢cTaHoBUTH:0,178 MMm. KombGinoBani MII] 3 mupuHoro peiiku 30 MM
MaloTh BiaxuieHHs Bix mromuaHocTl 0,208 MMm. BinxuneHHs Bif MIOMMHHOCTI KOMOI-
HoBauux CII 13 BXK/] npu mmmpuni peiiku 60 MM 6yino He 3Haunum (1 %) , a ana MIL 13
BXX]I mpu mmpuni peiiku 60 MM nepeBUIILyBajio Bxke Ha 26 %, 110 Oiyblie 3a HOpMaTu-
BH1 (0,3 mm) 3rizHo 'OCT 6449.3 "Jlonycku Ta nocanku. Jomycku popmu ta po3mi-
HICHHS MOBEPXOHB".
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0,400 - 0,377

§ 0,350 _l
- 0,3 0,3 0,3 0,3 0,303 0,3 0,3

(é 0,300 0,284
m
» 0,250
a 0,20
S 0,200 -
H ’
0
6
-z 0,150 +—
=
=
3
2 0,100 +—
Q
o
© 0,050

0,000

CnizBXO ML iz BXA CMizBXA MLWiz3BX0 CMizBXA ML i3 BXXA
(20 mm) (20 mm) (40 mm) (40 mm) (60 mm) (60 mm)
KOHCTPYKLiT KOMBIHOBaHUX LLUTOBUX E€MEMEHTIB i3 Pi3HOI LLVPUHOO PENOK

Puc. 11. I'icmozcpama ghopmocmiiikocmi KOMOIHOGAHUX WUMOBUX e/1eMeHmI8 O/l
PelloK pi3HOT wupunu
BucHoBKM Ta pekoMeHaaIlil.

1. BcranoBneHo, mo sl BIOPSAKYBaHHS BUKOPHUCTAHHS JIICOBHX pecypciB YKpaiHu HEOOX1ITHO
MPUCKOPUTH MPUHHATTS 3aKOHIB 1010 Pecypco30epekeHHsI 1 BUKOPUCTaHHS BTOPHUHHUX BiaxomiB. Lli
3aKOHU MOBHHHI €(EKTUBHO HAIIJTIOBATH IMIJMPUEMCTBA HA €KOJIOTIUHE Ta pAIliOHATbHE CIOKUBAHHS
pecypciB, a 3HaYUTh — Ha PO3POOKY 1 3aCTOCYBAHHS MaJIOBIIXOJHUX 1 O€3BIAXOTHUX TEXHOJOTIMH, pe-
cypcos0epirarodoi 1 HaAiitHOT TexHiku. JIJIS 1IbOTO B 3aKOHAX HEOOXITHO Mepen0aynTH 3aX0 U €KOHO-
MIYHOT BiAMOBIAAJIBHOCTI 32 HEpalliOHAJIbHE BUKOPUCTAHHS PECYpCiB, a 3a 3HHUILEHHS IUIOBUX BiIXO-
1B — mrpadu.

2. OG6rpynToBaHo, o BKMBAaHA JEPEBUHA € TOJATKOBUM PECYpCOM, MPHIATHUM JJISl MaTepialbHOTO
BHKOPHCTAHHS, 30KpeMa Y BUPOOHUIITBI ITUTOBUX €JIEMEHTIB.

3. JocmimxkeHo, mo (HopMOCTIHKICT CTONAPHHUX IUIUT Ta MEOJEBHUX IIUTIB NMPH BUKOPHCTAHHS
periok mupuHo 20-40 MM , BITIOBITa€ BUMOTAM CTaHIAPTYy.

4. ®opmocriiikicte koMmOiHoBaHuX CII i3 BXX]] € Bumow, HiXk MeOIEeBUX HIUTIB 32 OJHAKOBHUX
KOHCTPYKITIH, 30KpeMa CKJIaIaJIbHUX €JIEMEHTIB — PEHOK.

5. BcraHoBieHo, 1m0 A 3a0e3MeUeHHs! MiIIPUEMCTB BXKMBAHOIO JIEPEBUHOIO, MOKJIMBO, KPiM
3BHYAHHMX IIIUTOBUX €JIEMEHTIB, BUTOTOBIATH KOMOIHOBaHI.

6. PexoMeHm0BaHO JUIsl MiABUIICHHS (POPMOCTIMKOCTI IIMTOBUX CKJIAJAIbHUX OJUHHIIL BUKOPHUC-
TOBYBAaTH PEUKHU MAJIUX IUPHUHOIO 110 40 MMm.
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The investigation of the shape stability of glued panels made of post-
consumer wood

It has been established that in order to streamline the use of forest resources in Ukraine it is
necessary to accelerate the adoption of laws on resource conservation and the use of secondary waste.
These laws should effectively target enterprises to the ecological and rational consumption of
resources, and hence to the development and application of low-waste and non-waste technologies,
resource-saving and reliable technology. To do this, the laws must provide for measures of economic
responsibility for the irrational use of resources, and for the destruction of business waste - fines. PCW
(Post-Consumer Wood) is an additional resource suitable for material use, in particular in the
production of panel elements. It was investigated that the shape stability of the combined PCW-made
blockboards and the combined PCW-made furniture panels with the use of rails in the width of 20-40
mm, meets the requirements of the standard. The shape stability of the combined PCW-made block-
boards is higher than the the combined PCW-made furniture panels for identical structures, in
particular the assembly elements - rails. It has been established that in order to provide enterprises with
PCW, it is possible, in addition to ordinary panel elements, to make combined ones. It is recommended
to use rails of small widths up to 40 mm to increase the shape stability of shield assembly units.

Keywords: post-consumer wood, shape stability, PCW-made blockboard, PCW-made furniture
panels, glued panels, technology.

UDC 674.053:621.02.001/53 Post-graduate 1.0. Ben, assoc. prof. Y.I. Ozymok — UNFU
ORBITAL GRINDING TOOL FOR SHARPENING WOODCUTTING KNIVES

On the ground of analysis and evaluation of grinding wheels for sharpening industry-used
woodcutting knives, a new design of a grinding tool with an orbital drive is proposed. The use of or-
bital face grinding makes it possible to change the motion kinematics and realize intermittent grinding
simultaneously, thus significantly improving the quality of thick knives deployment.

Keywords: knife, grinding tool, sharpening, orbital drive, intermittent grinding.

The development of the modern economy features an increased competition in
markets where science has become a determining factor and a powerful productive
force. In the industrial sector, particularly in the woodworking industry, the processing
technology appears to be the productive force that determines the enterprise competi-
tiveness. The progress of technology, namely the development and implementation of
new materials, tools, methods and processes, as well as intensification of technological
conditions, determine the qualitative and quantitative indicators of product and its cost.

Viewing the technology development as a science, one should note that in recent
years it has won one of the key roles. One of such key roles in the technological science
of materials processing by cutting is reserved by the technological processes of grinding
wheel sharpening and whetting of woodcutting tools. Such wheels ensure high accuracy
of shapes and sizes, low roughness of the work surfaces, ensuring their durability, and
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thus the quality of the tool. The complexity of grinding process and its associated phe-
nomena brings a need for in-depth theoretical and exploratory study of the physical na-
ture of the phenomena occurring during the grind processing (sharpening) of the wood-
cutting tool. The essential academic work of the well-known scientists, P.I. Yashcheri-
tsyn, ENN. Maslov, A.V. Yakimov, Y.N. Polyanchykov, A.N. Reznikov, D.R.
Yevseyev, S.A. Popov, J.H. Filimonov, S.L. Khudobin, V.M. Shumyacher et al. allows
for creating scientific basis of the grinding process, along with the development of the
technological methods of grind processing that are widely and successfully applied in
various branches of mechanical engineering, including woodworking. These academic
papers and enterprise experience prove the ample opportunities of grinding processes in
ensuring the high quality of the tool and machine parts during processing.

However, many factors that change over time compromise the stability of the
grinding process. Furthermore, the sharpening method affects the productivity and qual-
ity of the woodcutting tool sharpening. Thereby, the development of intensive defect-
free grinding processes on the basis of new constructive and technological solutions is a
scientific challenge of great importance. Thick knives are sharpened on grinding ma-
chines TchN21-5, TchN31-4. To sharpen these tools, solid cup-shaped grinding wheels
(GOST 2424-83) are used. Recommended wheel sizes, mm: diameter 150...250, thick-
ness 63...100. The abrasive grains material — synthetic corundum, retinoid or ceramic
bond, hardness — L...O, grain size — 16...40.

Typically, these knives are sharpened in two stages. At the first stage, the sharp-
ening angle is formed and a wheel with a grain size of 40 is used to clear the notches.
The second stage of sharpening is actually a whetting operation. A wheel with grain size
16 ... 25 on minimal feeds with intense cooling of the knife back surface allows surface
roughness R,<1,25 microns. Both the sharpening and the replacement of grinding
wheels make the process of knives deployment time-taking.

The disadvantages of solid grinding wheels encompass considerable waste load at
the end of the wheel’s life cycle, along with significant operational heat generation, and
poor removal of grinding waste, which leads to smearing of the wheel and deteriorates
grinding parameters, reducing the sharpening process productivity. Implementation of
segmented grinding wheels did not yield the expected results regarding the improve-
ment of the quality and efficiency of the woodcutting tools sharpening process.

The disadvantages of the segmental grinding wheel design are as follows: the
grinding involves the unalterable abrasive segment surface, which leads to uneven wear
of their surface. Thereby, there arises a need for frequent whetting of its surface or re-
placement of segments [1]. Taking into account the revealed drawbacks of known
grinding tools and applying the method of morphological analysis (MA), the academic
department of woodworking equipment and tools developed a prototype of a new or-
bital grinding tool. The cutting surface length calculation for various types of grinding
wheels shows that the cutting surface length of the multi-cup grinding tool with drive
cups is the largest (Fig. 1).

Overall view and a prototype of the orbital grinding tool is shown at Fig. 2.

The orbital grinding tool consists of a steel casing 1, with holes 2, where the bear-
ings 3 are placed. The thread pins 4 are pressed in the bearing bores, being fixed by the
thrust plate 5. The grinding cups 7 are placed on the pins between the two collars 6. A
gear wheel 9 (a satellite) is key connected 8 at the opposite end of the thread pin.
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The casing has a hub 10 with a conical hole for mounting on the grinding ma-
chine spindle. Upon the hub there’s a press-fitted bearing 11 with a tooth gear 12 (cen-
tral gear), which is immovable and flange mounted to the machine body.
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Fig. 1. Dependency graph for the cutting surface length and the grinding wheel type.

The tool has a protective cover 13, which is bolted 14 to the tooth gear 11 [4].
The tool works as follows. While the machine spindle (with the orbital grinding tool
mounted on) rotates, the tooth gear 11 (central gear)remains immovable. The gears 8
(satellites) that mate with the tooth gear 11 drive the grinding cups 7. Due to this, the ro-
tational direction of the grinding cups matches the rotational direction of the casing 1.
When rotating, the cups’ ends remove the allowance for sharpening. That way they
wear out evenly and create a ventilation effect that intensively cools the tool being
sharpened.

This will intensify the grinding process, increase productivity, improve the quali-
ty of the knife blade sharpness during sharpening, increase the operative durability of
knives and the stability of the grinding tool.

Intensification of technological conditions for woodcutting tools sharpening de-
termines the quality and quantity of product made, and reduces its cost.

The TTX of the orbital grinding tool are summarized in Table 1.

Table 1. TTX of the orbital grinding tool

Parameters Value
1. Outside wheel diameter, mm 250
2. Wheel height, mm 50
3. Number of grinding cups, n 8
4. TTX of grinding cups: type 11,6
abrasive grain synthetic corundum, silicon carbide
bond ceramic, retinoid
hardness K
5. Cup sizes, mm : diameter / height 50/25
6. Cup drive type orbital
7. Wheel weight, kg 5.0

The main advantages of the proposed tool design are as follows:
e significant increase in the cutting surface length, which is the largest when compared with other
tools. At the same time, the intermittence index is the lowest;
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thermal field intermittence while sharpening;

maximum use of the grinding cups’ operational height;

even wear (without trimming) of cups;

cups of various grain and hardness;

smooth tool cutting-in during sharpening due to the rotation of the grinding cups.

b)
Fig.2. Orbital grinding tool for sharpening woodcutting planer knives:
a — overall view; b — research prototype

Theoretical and exploratory research is required to select the best conditions for
sharpening scoring knives with an orbital grinding tool.
Conclusions.
1. A new design of a an orbital grinding tool for grinding flat surfaces has been developed to en-
sure the contact intermittence of internal tools abrasive grains with the work surface in the cutting area.
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2. Preliminary laboratory tests of an orbital grinding tool have yielded positive results.
3. Intensification of the knives sharpening conditions will provide a significant increase in
productivity, improve quality and increase the overall durability of knives.
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Ilinanerapuuii aOpa3sMBHU IHCTPYMEHT JJI1 3arOCTPEHHS /IePeBOPI3aJIbHUX HOXKIB

Ha ocHoBi anamnizy i oliHKM aOpa3uBHUX KPYTiB JJIsl 3aTOCTPEHHS IePEBOPI3aTbHIX HOXKIB, 110
BHKOPHCTOBYIOTHCSI Ha MIAMPUEMCTBAX Tally3i, 3aIPOIIOHOBAHA HOBAa KOHCTPYKIlisl aOpa3MBHOTO iH-
CTPYMEHTY 3 IUIaHEeTapHUM MpuBogOoM. OOTPYHTOBAHO, IO 3aCTOCYBAaHHS IUIAHETAPHOTO TOPIIEBOTO
nutipyBaHHS, JTO3BOJISIE OJJHOYACHO 3MIHMTH KIHEMATHKY pyXy, peaii3yBaTd NepepBHE NUTIQyBaHHS,
10 3HAYHO MOKPAIIUTH SKICTh MiATOTOBIEHHS TOBCTUX HOXIB 10 pOOOTH.

Kiro4oBi cjioBa: HiX, abpa3uBHUIN 1HCTPYMEHT, 3aTrOCTPEHHS, TUIAHETAPHUN TIPUBOJI, TIEPEPB-
He nutiyBaHHS.

JI0 BIIIOMA ABTOPIB CTATEI

[Tim gac MATOTOBKMA CTAaTeW Il MIXBIIOMYOTO0 HAYKOBO-TEXHIYHOTO 301pHHKA
"JlicoBe rocmoaapcTBo, JicoBa, naneposa i 1epeBoo0podHA MPOMMCJIOBICTD' paau-
MO aBTOpPaM JOTPUMYBATHUCh TAKMX PEKOMEHIAITIH.

Texct cTarTi 00csiroM 5-20 cTOpiHOK HEOOX1THO MOJABATH AHTIIHCHKOIO MOBOIO,
ApyKyBaTH Ha manepi ¢popmary A4 3a qomomororo komm'rotepa y penakropi MS Word
(mpudTt — Times New Roman, po3mip — 14 points, psaku — uepe3 1.5 iHTepBaiu, mois —
2 CM 10 mepuMeTpy) 0e3 NMPUCBOEHHS KOAHUX CTHIIIB 1 0OPMIISITH B TaKii MOCHTIiIOB-
HocTl. Ha mouatky crarti OBOB'A3KOBO npocrasisierscs iHaeke Y K, B 3aromoBky
BKa3YIOThCS: BUCHE 3BaHHS, 1HIIIAIM 1 Mpi3BUILle aBTopa (a00 aBTOPIB), HAYKOBUH CTY-
MiHb, CKOPOUEHA Ha3Ba 3aKjaay, B SIKOMY BHKOHaHa poOOTa, Ha3Ba CTaTTi, aHOTAIIis
(500 3HaKiB) Ta KJIFOYOBI cjoBa. Jlan — yKpaiHCbKOIO MOBOIO: 1HIIIAIH 1 MPI3BUIILIE aB-
Topa (abo aBTOpIB), CKOpOUYEHA HA3Ba 3aKJajly, B SKOMYy BUKOHaHa poOOTa, Ha3Ba CTaT-
T1, aHOTAIIIS Ta KJIFOYOBI CJIOBA.

Crartri 3gaBatu jou. C.B. I'aimi, kopn. Ne2, Byi. 3am3Hska 11, 2 oB., ka0. 22a;
tel1. po0. 238-45-04; Mm06. 067-79-12-522;
e-mail: serhiy.hayda@nltu.edu.ua; e-mail: vmmax(@ukr.net;
e-mail: f-wood-ind@ukr.net
http:// forest-woodworking.nltu.lviv.ua
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