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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 up-
dated 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
geographical 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
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compare 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 % 1000 ha %
Agricultural land 3487.4 53.4 3463.4 53.0 3465.3 53.1
Forest land 2008.5 30.8 2162.4 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 2.9 180.5 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 %/ears 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
(FS(,JIE?)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 (NF1) 226 237 240
: : 3
(TNolt:a:I) growing stock volume of mature stands, mill. m 109.9 1239 129.1

Mean growing stock volume of mature stands of IlI-1V

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 33.3
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
planted forests 459484 | 22,5 | 507974 | 23.4 | 514649 | 23.7
Non-forested land 59521 2.9 67499 3.1 72592 3.3
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
fore_st land under convertion into other cate- B B B 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 14 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
plantations of raw materials 339 346 317
recreational plantations 406 197 199
wood yards 585 420 418
feeding 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 (Alnus glutinosa) have increased by 22,500 ha
to 141,900 ha. The area of grey alder (Alnus incana) has expanded by 6,500 ha. The
area of aspen (Populus tremula) has expanded by 20,900 reaching 78,200 ha. Oak
(Quercus) forests increased from 35,700 ha to 41,900 ha. The area of ash (Fraxinus) has
diminished by 30 % decreasing to 35,700 ha (Fig. 3) [2, 4].
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According to NFI data, since 2002 total growing stock volume has increased from
453.4 million m3 to 501.3 million m3 [5]. The average growing stock volume in all for-
ests since 2003 has increased by 11 m3/ha up to 240 m3/ha. In the beginning of 2012, the
distribution of forests by functional groups was as follows (Table 4):

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

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

— Group I (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 m3) 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 5. Forest stand area and growing stock volume per ha by maturity groups in
11 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 23.2 6.6 4.7 38.4 72.9
42 193 262 346 245

Black alder 23.9 454 215 34.7 125.5
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
Other 2.0 3.5 15 3.0 10.1
70 117 220 223 163

Total 460.4 690.6 239.4 384.1 1774.6
73 267 288 310 236

407.9 665.9 312.3 308.5 1694.6
Total 01.01.2003 93 242 269 301 224

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 m3 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 meas-
ures 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 m3 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 m3in 2011. According to expert evaluation,
the felling rate in private forests decreases by 8 % resulting in 3.3 million m3. Private
forest owners received cutting permits for 2.2 million m3. Half of this (1.1 million m?3)
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 m3 of spruce,
482,000 m2 of pine, 651,000 m3 of birch, 433,000 m3 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 m3
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/m3 in 2010 up to 40 EUR/m3 in 2011. The export of industrial round wood was
1.84 million m3, 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 m3. This process mainly involved oak logs
(18,000 m3) [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.

11



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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npo¢h. I'.I'. I punuk, 0-p c.-2. nayk — HJITY Ykpainu

AHaJi3 AUHAMIKH JicoBOro ¢oHay i cydyacHoro crany Jicis JIuteu

Ha ocHOBi 0QiiifHUX CTaTUCTUYHHUX JAHUX HIOJO JUTOBCHKOTO JIICOBOTO CEKTOPA BIIPOJOBK
1938-2016 pp. BCTAaHOBJIECHO Ta MPOAHATI30BAHO TUHAMIYHI TEHACHIIIl OCTAHHIX IECATUIITh.

Jlns yHaOuHEHHS Ta JIOCHIDKCHHS TPEHIIB HaBeJACHO TaOnu4Hi Ta rpadivHi JaHi TUHAMIKA
JicOBOTO (POHIY Ta CY4aCHOTO CTaHy JUTOBCHKHUX JICIB.

Ha ocnoBi aunHamiku exosorigynoro inaekcy (EPI) 3nilficHeHO MOpIBHSUIBHY OIIIHKY BEICHHS
JicoBoro rocrnoapctsa y JIutsi Ta Ha Ykpaini. [IpoananizoBano 3emenbuuil o JINTBYU 3a yKUTKO-
BUMH KAaTEropisMH BIAMOBIAHO a0 naHuX HarioHaneHOi J1icOBOi iHBEeHTapu3alii Ta 3eMeIbHOTO
peecTpy TicoBOi iHBEHTapH3allii, OI[IHEHO KOHTPOJIOBAHHS 3aXHCTY JIiCiB, HaBEJACHO OCOOJIMBOCTI
PO3MOALTY KaTeropiil JIiCOBUX 3eMelb Ta 010pi3HOMAaHITTS JIICiB.

Kpim Toro, po3risiHyTo mUTaHHS JIepKABHO1 CTpaTerii 3aXUCTY JICIB.

Kurouosi ciioBa: nicose rocnojapctBo JINTBH, 1icoBuid (OHI, TICUCTICTD, 3aM1acu IEPEBUHU.
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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 val-
ues are random because they depend on such random influences: size-quality character-
istics of raw materials, safety equipment, process organization. Furniture parts are char-
acterized by size and physical properties that accept different values in a certain range
of changes. Between these values there is no definite constant communication parame-
ters of raw materials have properties of random variables. Elements cycle time manu-
facturing operations in furniture production include the working pace, duration and idle
stroke cycle time losses. Loss of time outside working cycle created especially unreli-
able technology, shortcomings in the organization 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 operation intervals increase the du-
ration of release and reduce the actual performance machines. Thus, the operation of the
machines there is a consistent alternating two different periods — periods of continuity
and recovery periods working condition of the machine. Uptime machine technique
called time operating time t,, and its operability during recovery — recovery time t,.

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 readiness. The coefficient of readiness K, availability index is a compre-
hensive measure of the reliability and sets the expectation of the time of normal opera-
tion of the automated line: Kr=t/(t, +1,) (@B

Significantly affect the efficiency of automated production systems in furniture
manufacture reliable technical equipment, production equipment, means of control. Un-
reliable technology, 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 dis-
tributed manufacturing operations by Erlang distribution, used to describe the process

) ) . _ 1 —K<y<t_k=l (K'lf"t)i
operations furniture production: F(t)=plr<tj=1-e y (2)

i—1 I!

13



where: F (t) — distribution function of the time intervals; p{t<t} — the probability that
the duration of the operation will be less than a certain value t; u — intensity operations;
K — Erlang parameter that describes the technological stability operations. Erlang pa-
rameter defined as the ratio to the square of the average duration of the operation to its
variance: K = t%/D(t) (3)

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 aver-
age value, we get the distribution to describe purely random processes.

In the absence of dispersion when the duration of the operation constant parame-
ter K infinitely large (K— ). Because of this property allows Erlang distribution to de-
scribe a wide range of manufacturing operations length with varying degrees of uneven-
ness from a purely accidental to a permanent, inclusive. Dispersion interval release de-
scribes stability operations and technology determined by the formula

— — — —\2 — _
t, -t _o\ i — ] (t t ot
D(t,) = Ht_”(Du +tu2)+té[Du+DB+(tu +t3)2]—[Kij —D, +ﬁ{DB+th[ltéﬂ., (4)
H r

H 'H

where D,,, D, — variance cycle length respectively and recovery time; t, — cycle of tech-
nological operations.

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

t t _
D, =D, +i[DB +[l—tiJ(Krl —1)%,@
H

t

t
of availability factor: " , (5)
Parameter Erlang K;, production interval is calculated using the ratio
— —2 2 ) — -1
o= b /sz S .53 P LS (S A (6)
D —2( 1 t, Kzl t,
Dy +t | =1 | 224 -1

r 4

Stability of technological operations is determined by the Erlang K, cycle time
and depends on the readiness coefficient K, machines. Only perfect machine (K; =1) pa-
rameter K;; remains at its value for the duration of the cycle K,. Parameter Stability K,
cycle shows a strong influence on the reliability of machines allowed only in the range
of K,=1to 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 ma-
chine. Thus appears essential primary stability ordering cycle time. More intensive and
broader range of acceptable reliability affects the relative length of time of use.

Completed simulations using statistical research and analysis of the literature [1,
2], allows to formulate the following conclusions:

1. Reliability technological equipment creates a significant impact on the stability of
manufacturing operations and efficiency of automated production systems in furniture
production.

2. Reduce the reliability of equipment leads to a significant increase in the disper-
sion intervals output.
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3. The results of simulation modeling confirms that the average duration of intervals
of output is determined by the mean time rate of technological operations and readiness
of the machine.

4. A significant increase in the dispersion range output with reduced machine reli-
ability, leading to intense reduction parameter stability for interval output. Especially
sharply reduced rate stability equipment with a reduction factor of its readiness.

5. Increasing the reliability of automated production systems appropriate to the use
of structural redundancy and structural and parametric optimization of production lines.

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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BB HagiiiHOCTI 00J1aJHAHHA HA CTA0LJILHICTH TEXHOJIOTIYHUX ONepanid Ta
epeKTUBHICTD PYHKIIOHYBAHHSA ABTOMATU30BAHUX BUPOOHMUYMX CHCTEM

AHani3yeTbcs BIUIMB HAJIMHOCTI 0ONaJHAHHA HAa CTAOUIBHICTH TEXHOJOTTYHHMX OIepaiid Ta
e(eKTUBHICTh (PYHKIIOHYBAaHHS aBTOMAaTU30BAaHMX BUPOOHUYUX CUCTEM y MEOJIEeBOMY BUPOOHHIITBI.

Posrisimarorbes cydacHi METOIM BU3HAYCHHS HAIMHOCTI [ BUPIIICHHS 3aBJIaHb MiABUIIICHHS
e(eKTUBHOCTI (PYHKI[IOHYBaHHSI aBTOMAaTU30BaHUX BUPOOHUYMX CUCTEM Ha MEOJIEBUX IMiIPUEMCTBAX.
HaniitHicTh 061aiHaHHS Ma€ 3HaYHUM BIJIMB HA CTaOUIbHICT MPOIIECIB Ta (PaKTHUHY MPOTYKTUBHICTD
aBTOMATH30BAHUX JIHIA. 3HWKEHHS HAJIHHOCTI 3yMOBIIOE 3HAYHE 3HIDKEHHS (DAKTUYHOT
MPOIYKTUBHOCTI aBTOMATH30BAHMX JIIHIN 1 3HUKEHHS CTAOLTHHOCTI TEXHOJIOTTYHUX OTIepalliil.

[TigBumyBaT HAIIHICTP aBTOMAaTH30BAHUX BUPOOHUYMX CHUCTEM JOILUIBLHO 3a JOMOMOTO0
PO3pOo0JIEHHSI CXeM KOMIIOHYBaHHs 00JalHaHHs, CTPYKTYpHO-IIapaMEeTPUYHOI ONTUMI3allil, CTPYKTYp-
HOTO pe3epBYBaHHS Ta IMITALlIHHOTO MOJETIOBAHHS.

KurouoBi cioBa: HaailiHICTh 0ONaHAaHHS, TapaMeTp CTaOUIBHOCTI, TEXHOJOTIUHI MOKa3HUKU
e(EeKTUBHOCTI, AaBTOMATH30BaHI BHMPOOHUYI CHUCTEMH, IMiTalliiiHE MOJENIOBAHHSA, CTPYKTYpPHO-
napaMeTpuyYHa ONTUMI3allis, 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 proc-
esses of drying veneer and chipped wood waste is an urgent problem, the solution of which allows re-
cycling 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 is 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: VVynske 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 transferred to the material (veneer) by convec-
tion 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 material 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 purposes
wood. Secondly, waste from sawmill plants, furniture making, wood panel production
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 derived from the burning of wood raw material in thermal
generating units. Among the thermal generating units that are to be used to provide dry-
ing 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 ad-
visable to use small drum or flash dryers, where the drying agent are flue gases obtained
from the combustion of various waste wood.

The use of independent sources of thermal energy in the processes of drying ve-
neer and chipped wood waste is an urgent problem, the solution of which allows recy-
cling 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). Western European countries practise cultivating
fast-growing wood species (willow, aspen, poplar) which are used as fuel or for genera-
tion 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 significantly increases the en-
ergy 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
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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
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 temperature, 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 energy.

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;

e the drying process in the drying plant is arranged zonally — for the first period of constant dry-
ing 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 and thickness of
veneer sheets;

e 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 Wcr, and the period of slow drying from
the critical value Wcr 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:

e the drying plant uses energy-saving heat supply — flue gases with a high calorific value of fuel;
e the drying process in the dryer is divided into two periods, 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 temperature regimes and circulation rate of the

drying agent, depending on particle size of shredded wood, initial 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:
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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;

e solving the system of equations of heat-and-mass transfer according 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 humidity 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-
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;

e solution of differential equations of drying rate in the periods of constant and slow rates of dry-
ing 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;

e based on the law of conservation and transformation of energy, equations have been synthe-
sized that characterize the heat balance at the interface of phases “environment-the surface of the ma-
terial” during drying which determine, in one case, the amount of heat energy received from the envi-
ronment 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 determine the values for
moisture conduction and moisture-yielding ability of wood,

e the possibility has been proved for flue gases, cleared of sparks and subjected to double purifi-
cation from smoke and soot, to be used in the drying processes not only of veneer and chipped wood,
but lumber and blanks as well;

e based on the analysis of the results of experimental investigations on the process of drying ro-
tary-cut veneer in the reconstructed roller-drying systems, the authors derived dependences of the
temperature of the drying agent and the speed of circulation in various areas of the dryer on moisture
content of the veneer, which makes it possible to divide the drying process into two periods and actu-
ally to regulate the intensity of veneer drying process;

e based on the analysis of the results of experimental investigations in the two-circuit flash dry-
ing plant, there were developed operating parameters — temperature of the drying agent at the entrance
to the first and the second circuits as well as the recommended circulation rate;

e based on the results of experimental studies on rotary-cut veneer and chipped wood, a tech-
nigue was developed for determining the technical- and-economic performance of reconstructed roller
drying plants and pilot plants of drum and flash types, namely their productivity, duration and cost of
the drying process;

e Based on the mass of moisture that evaporates during drying of rotary-cut veneer and chipped
wood, the dependence of drying rate on the temperature of the drying agent was identified and mathe-
matically described, and, in the end, the desired thermal power of the heat-generating unit was deter-
mined.

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 pellets and other prod-
ucts).
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¥Y3arajabHeHu# aHaJi3 pe3y.]'leaTiB TCOPECTUYHHUX Ta CKCIICPUMCHTAJBHUX
IlOC.]IiIDKeHL KOHBEKTHBHOI'O IIPOLIECY Cy]_lIiHHSI ACPEBUHUA

KoHBeKTHBHE CYIIIHHS € HAMMOMMPEHIIIUM CIIOCOOOM CYILIHHS MUJIOMaTepialliB 1 3ar0TOBOK,
IINOHY Ta MOAPIOHEHOT AepeBUHHU, NMPO(PLILHUX Ta IHIIMX BUPOOIB 3 AepeBUHU. OCHOBOIO IS Xapak-
TEPUCTUKU HAYKOBOI 1 MPAKTUYHOI 3HAYMMOCTI MPOBEACHUX JTOCIIKEHb € OTPUMaHi HOBI TEOPETUYHI1
Ta eKCIIEpUMEHTaIbHI pe3yabTaTi. OCHOBHUM OOJaIHAHHSM JJIsI CYILIHHS HIMOHY € POJMKOBI CyIIap-
Ki. BoHM MaroTh psij ICTOTHHX IepeBar B NOPIBHAHHI 3 IHIIMM OOJagHaHHAM. MDK poJIMKaMu
¢ikcyerbes popma mmoHy, ToOTO 3anobdiraeTses Woro aedopmaris-xkonobienns. Ponuku npu pyxosi
IINOHY J0JaTKOBO BUYABIIOIOTH 3 HHOI'O YaCTUHY BOJIOTU 0€3 BUTpAT TEIUIOBOi eHeprii. B ponmkoBux
CylIapkax TEIUIOBa EHepris j0 Matepiany (LIMOHY) MEpPEeJaeThcsi HUIIXOM KOHBEKIIi BiJ areHTa
CYIIIHHS, HUISAXOM KOHJIYKI{ BiJl HarpiTUX POJIMKIB Ta TEIJIOBUM BUIIPOMIHIOBAHHSM BiJ] €JIEMEHTIB
CYIIAPKH.

Jia cymiHHS moapiOHEHOil 1epeBUHY, IO iJ1e Ha BUPOOHMIITBO JAEPEBUHHOCTPY)KKOBUX IUIHT,
B OCHOBHOMY, 3aCTOCOBYIOTh MOTY)XH1 OapaOaHHI CyIIapKH J€ areHT CYIIIHHS — TOIKOBI rasu, sKi
YTBOPIOIOTHCS BiJl CIIANIOBAHHS CyMIIIl IPUPOJHOTO raszy Ta nutidysansHoro muity. Kpim BupoOHUII-
TBa JIEPEBUHHOCTPY)KKOBUX IUIMT MOJAPIOHEHY ACPEBUHY B OCTAaHHIM Yac IIMPOKO BHUKOPHCTOBYIOTh
JUTsS BATOTOBJICHHSI MTAJTMBHUX OPHUKETIB 1 NATMBHUX T'PaHy (IIENeTiB).

Ha Binxomax 3 JepeBUHHM BeNUKI KOTENbHI YCTAaHOBKHM MpalioloTh HeepekTHBHO. OTXe,
JOLUTBHUM € 3aCTOCYBaHHS HEBEJIIMKUX TEIUIOBUX arperatiB MmoTyxkHicTio 10 1-2 MBT TtemoBoi
eHeprii, KOTpi, SK NaJTMBO BUKOPUCTOBYIOTh MOAPIOHEH1 BIAXOIU 3 AEPEBHOI CHPOBHHH.

BukopucTtaHHs aBTOHOMHHX JDKEepesl TEIUIOBOi eHeprii B mpolecax CYIIiHHA LINOHY 1
noJIpiOHEHOT NEPEeBUHU € aKTyaJbHOIO NMPOOJIEMOI0, BUPIMICHHS SKO1 J03BOJISE YTHII3YBaTH pi3HI
BIZIXOJIU IepeBOOOPOOHNX, MEOIEBUX, JTICONWIBHUX, (DaHEPHUX Ta IHIIMX BUPOOHHIITB, a TAKOX YXKH-
BaHy JIEPEBHHY, sKa BUUYepIiajia CBiif TEpMiH eKCIUTyaTarlii.

SIKIIO B CyIIAapKH MOJAIOThCS TOMKOBI rasd, SIK areHT CYIIIHHS, TO BUKOPUCTOBYETHCS BHUINA
TEIUIOTBOPHA 3/aTHICTh NaJMBa 3 JIEPEBHOI CHUPOBUHM, IO 3HAYHO MiABHMILYE EHEPreTUYHUN
KOeilieHT KOPUCHOT JIii TEMJIOBHUX arperariB 1 CyIIHJIbBHUX YCTAHOBOK.

B mpoueci BUKOHAHHA  JOCHKEHHS  BHUKOPUCTAHO  METOZOJIOTII0  JTOCIHiIKEHHS
TETMIOMAacOOOMIHHUX MPOLECIB 1ePeBOOOPOOKH, a caMe TEOpeTHYHI Ta rpadoaHaTITUUHI METOIH BU-
3HAYEHHS TPUBAJIOCTI CYIIIHHS, KIHETMYHMX KOE(DII[IEHTIB MNpPOIECY CYLIIHHS Ta KOMIIEKCHHX
KPUTEPIiB, 10 IHTETPOBAHO OMHUCYIOTh NPOLIECH HArpiBaHHS Ta CYIIIHHS ASPEBUHH.

OTtpumaHi pe3yabTaTu TEOPETUYHHUX Ta €KCIEPUMEHTAIbHUX JOCIIKEHb PEKOMEH1Y€EThCS BU-
KOPUCTATH B JIepeBOOOPOOHIN Ta 1HIIMX raqy3sX MPOMUCIOBOCTI Ta MIANPHUEMCTBAX, 110 BUPOOJIAIOTH
JYIIEHUH LIMOH Ta MOJApiOHEHY JepeBUHY Ta HA MIANPUEMCTBAX, SIKI BUTOTOBIISIIOTH MPOIYKIIIO 3 JTy-
meHoro mmnony (¢anepy, MeOieBi BUpoOM, My3W4HI IHCTPYMEHTH TOLIO) 1 MOJApiOHEHOI AepeBUHU
(IepeBUHHOCTPYKKOB1 TUIMTH, TTAJIMBHI OPUKETH 1 IEJIETH Ta IHIIi BUPOOH).

Kr040Bi c10Ba: BoJIOTiCTh, KOHBEKTUBHE CYIIIHHSA, MUJIOMAaTepiaiy, 3arOTOBKH, CYLLIIHHS Jie-
PEBUHH, IIBUIKICTb CYLIIHHS LINOHY, IEPEBUHHA CTPYXKKA, IPOLIECH HAarpiBaHHI.
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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, calcu-
lated 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
sizes, 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 classifi-
cation methods of manufacturing curved pieces presented VVoytovych I.G. [1-3]:

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 process-
ing 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 forma-
tion of the package; bending the package while gluing it in the block; technological ex-
posure 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 each method has the special characteristics: raw materials (lumber or piece of solid wood, ro-
tary 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 inputs (electricity, steam, water);

¢ the total for each method is surgery to provide of the workpiece shape of detail,

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

o 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 | | 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 11 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,
Il primary processing of workpieces.
Variant | Layout of veneer, cutting of veneer, applying adhesive, forming of glue package, pressing,
\Y/

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, is 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 | ontnework- | Onthe program | Optimal pro-
piece for 100000 pcs gram
1 2 3 4 5 6
. : 115000
Variant | (cutting) ocs
1 Hardwood Iummbrir thickness 40 m 0,00522 599 600.3
2 Polyvinyl acetate glue kg 0,031 3100 3565
Variant Il (cutting) 110000
pcs
1 Hardwood Iummbrir thickness 25 m3 0,00484 484 532.4
2 Polyvinyl acetate glue kg 0,009 900 990
. : : 180000
Variant 111 (bending of solid wood) ocs
1 Hardwood Iur:\nbrir thickness 25 m 0,00128 128 2304
Variant 1V (bending while gluing) 5;0000
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 I Variant 11 Variant 111 Variant IV
No Name of equip- Name of equip- 5 Name of Name of equip-
B ment ment equipment ment
1 Hand-operated Hand-operated 1 Hand-operated Workplace for
crosscut off saw crosscutoff saw crosscutoff saw mark out
2 Quart_ermg saw, 1 Quart_erlng saw, 1 Quart_erlng saw, | 4 Guillotine shears | 1
trimmer trimmer trimmer
3 Hand jointer 1 Umverza;{/\;:lrcular 3 Autoclave 1 | Veneer composer | 1
4 Work_place for ap- 1 | Molding machine | 1 Bender,_bendlng 1 Roller glue 1
plying of glue rig spreader

5 | Clamping machine | 4

Workplace for ap-
plying of glue

Drying chamber

Workplace for
1 | formation of pack- | 1
ages

6 Hand jointer

1 | Clamping machine | 8

Handjointer

Press (40 pieces —
4 daylight)

Thicknesses ma-

1 Handjointer 1

Thicknesser

1 | Band mill (resaw) | 1

chine machine
Workplace for Thicknesser ma- Molding ma- Universalcircular-
8 . 1 . 1 . 2 2
marking chine chine saw
. Workplace for Universalcircu- .
9 | Band mill (resaw) | 1 . 1 1 Handjointer 1
marking larsaw

10

Springle moulding

1 | Band mill (resaw) | 1

Thicknesser ma-

machine chine
11 Universal circular 1 | Molding machine
saw
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’
No Assignment area Variantl Variantl| Variantl 1l VariantlVV
Area occupied by facilities and
1 workplaces 1915 250,8 169,7 131,3
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 Avrea (size) of shop 432 (12x36) | 504 (12x42) | 360 (12x30) | 360 (12x30)

Table 6. Summary list of the annual electricity needs, kWh

Variant process Power electricity Electricity for lighting and sanitary facili- | Total
ties

1 42610,4 8259,0 50869,4

11 58431,2 9603,6 68034,8

i 52215,6 6914,4 59130,0

v 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
Ne Type of consumption I 0 I v
1 Technological needs 631,2 300,8
2 Heating and ventilation 153,9 183,3 122,0 1246
3 Domestic needs 6,8 9,8 5,3 4,5
Total: 160,7 193,1 758,5 429,9
Table 8. List of water consumption
Variant process Technology needs Domestic needs Agiggsﬂre Total
2 3 4
I 146,3 23 169,3
11 211,3 23 234,3
111 113,8 23 136,8
v 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
manufacture. 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 technologies, which differ in resource con-
sumption. Selection of the optimal technology options, 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 factors.
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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 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 (passive of fixed assets — 7,76 % active part of fixed assets (equip-

ment) — 21,93 %);

([ ]

([ ]

[ ]

[ ]

[ ]
Costs).

equipment cost (average 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

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 (%%0)

. Project variantstechnology

Ne Elements of cost I 0 I v

1 Materials (net return of waste) 72,5 66,3 57,1 59,4

2 Energy costs 15 2,1 6,8 6,1

3 Wages of productio_n workers with de- 8.7 133 145 133

ductions

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 undoubted advantage of the last (IV) version of
the technology in two given criteria: efficiency of production area and the level of unit
production costs.
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Table 10. Specific indicators of capital intensity and productivity products

Indexes Variant | Variant 11 Variant 111 Variant 1V
Production cost, $/pcs 3,32 3,27 0,99 0,61
Productivity (removing products from 1 m?
of production area) pcs/m? 266 218 500 750

Adding to this figure calculated earlier figures material capacity, wages capac-
ity, power capacity and a mort capacity, can present them in the form of graphics for
your specific economic indicators (Fig. 3).
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Fig. 3. Specific indicators of production capacity resources
for the various versions manufacturing process

Plots demonstrates a significant difference between the options for raw materials
intensity (raw materials) and capital intensity (investment property). Changing macro-
economic conditions that may result in increasing the value of these resources will spur
the adoption of the manufacturer of the decision on choosing the optimal variant manu-
facturing technology of curved pieces. From the above graph shows that the most attrac-
tive options for process manufacturing curved pieces is an variant Il and IV. In terms
of appearance and workmanship bending curved pieces of massive wood (variant 111)
has clear advantages on all levels.
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TexHIK0-eKOHOMIYHMIT aHAJII3 CI0CO0IB BUTOTOBJICHHS KPUBOJIIHITHUX 3ar0TOBOK

[TpoananizoBaHO CrOCOOM OTPUMAaHHS KPHUBOJIHIHHUX 3aroTOBOK. J[1si MOpIBHSHHS BUOpPaHO
YOTUPHU BapiaHTH TEXHOJIOTTYHOTO MPOIIECY: BUMMIIOBAHHS KPUBOJIIHIMHHUX 3aTOTOBOK 13 CKJIIEEHOTO Ha
raaky ¢Gyry MUTa; BUMWIIOBAHHS KPUBOJIHIMHUX 3arOTOBOK 13 MUISTHOK, CKJICEHUX MO JOBXKHUHI HA
3yOuaTuii mmmn no ¢Gpopmi 3aroTOBKU; THYTTS MAacHBHOI AEPEBUHH; THYTTS 3 OJHOYACHUM CKJICIOBAaH-
HSM. 32 OCHOBY PO3paxyHKiB BUOPAHO KPHUBOIIHIMHY 3arOTOBKY, pO3paxOBaHO MOTpeOy B CHPOBHHI 1
MmaTtepianax, po3po0IeHO TEXHOJIOTIYHI IPOLECH, PO3PaXOBaHO MOTPedy B eHEPTOHOCIIX, PO3PaXOBAHO
EeKOHOMIUHY e(eKTHBHICTh KOKHOT'O BapiaHTa. /[0BeIeHO MPIOPUTETHICTh BUTOTOBJICHHS KPUBOJIIHIN-
HUX 3arOTOBOK THYTTSIM MacHBHOI JI€PEBUHHU 32 PSAJIOM KPHUTEPIiB.

KurouoBi ciioBa: nepeBuHa, THYTTS, KPUBOJIHIMHI 3aTOTOBKH, TEXHOJIOTIs, aHAITI3.
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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 disadvan-
tages of blockboards is the change in dimensions and shape after fabrication. The in-
dexes 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,

29



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.

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 450450 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. Asshown 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 stan-
dards. Obtained are patterns of influence of the width of the core strips of the blockboard and the
thickness 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
recommendations are offered for the production and use of front PCW-made blockboards for furniture
production.

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, secon-
dary wood raw material reserves, postproduction wastes, primary production wood resi-
dues, 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 lifex.

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
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The following materials were used to make new PCW-made blockboards in-
tended 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);

¢ 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 stan-
dard GOST 13715-78;

e gluing strips by straight joints into a blockboard core;

¢ 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:

¢ the thickness of the fiberboard is 4 mm, the width of the strips is 20; 30; 40 mm (Fig. 2);
¢ 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. 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 experime_nt
No. in natural value in coded value

Bpcw, mm Hwrg, 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
520x520 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 — 605 %;
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
480x480 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
440x440 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 (M4-10), 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
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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 1GC-(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
(20x%(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].
Specimens selection, their quantity, making and preparing for testing was done accord-
ing 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
testing the specimens whose length 1,=15h, the spacing between supports | is taken
equal to 1I=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 85x40x19 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.

00090 B
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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 (oy) in MPa was calculated by the formula:
6u=3Pmaxl/(2bh?) 1)
The srtength along glue line 7., is determined in MPa by rounding the result to 0.05
MPa by the
Tex=Prmax] (Dexlex) | (2)
where: Pmax — maximum load, H; | — spacing between supports, mm; b — the width, mm;
h — the specimen thickness, mm; b, l.. — 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; yin the highest X; man and the mean X, . 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 +Zb" i +Zblu i (3)

Iu—l

where: b, — free term; b; — linear regression coefﬂments, I=L,k; bjj — quadratic regression
coefficients; b;, — 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 — Hyrg (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,%-0.003x1 x>, (4)
While in natural values of variables it can be written as:
S =1.033 + 0.0005Bpcw — 0.293Hwrs + 0.00006Bpcy, * + 0.023Hyes”
—0.0003Bpcw Hwrs (5)
where: Bpcw IS the width of PCW-made (solid wood) strip of blockboard, in mm; Hyrs
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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0,000 — Hwib=6
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Width of the strip Bpcyw, mm

Fig. 9. Dependence of the averaged deviation S from flatness of the blockboards on
the width of PCW-made strip (solid wood) — Bpcw (X1).

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).

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 Yeq calcul:{ted value

Brew | Hwrs degree of accuracy 12 cale
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, al-
though 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 Sp, = 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: Bpcyw = 20 mm;
thickness of face decks made from WFB - Hyrs = 6 mm (Fig. 11).

0,300
0,256
0,250 ™~
23 Bpcw=20
c Y —— Bpcw=30
. 0,21\:),158 ot
%) pcw=
1237
g
2 0,126] ~—
& 0,100 0,106
a - — 0,088
0,081
0,050
0,000
4 5 6

Thickness of the WFB Hygg, mm

Fig. 10. Dependence of the averaged deviation S from flatness of the blockboards on
the thickness of face decks made from WFB — Hyrg (X2)

0 0,25-0,30
m 0,20-0,25
00,15-0,20
00,10-0,15
m 0,05-0,10
@ 0,00-0,05

Bpcw, mm

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:x5, (6)

When analysing the regression equation, we can see that the factor x,, 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.

o, = 84,044 — 0,26Bpcw — 13,8Hyrgs + 0,00004Bpcy” + 1,008Hyrg” — 0,0017BpcwHyrs (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-bend_ ing strength across
No. strips oy, MPa experimental value Yex, calcul:{ted value
Brew | 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.

, MPa

Static-bending strength o

35,000
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A4 7949 251901
| 21252
20,000 '
22,045 20,328 18,619
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0,000 —— Hwib=6
20 30 40
Width of the strip Bpcw, mm

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).

35,000
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b —
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(@]
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§ 20,000 51 252 ————— 20328
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£
& 10,000 Bpcw=20
o]
O —— Bpcw=30
g 9,000 Bpcw=40
0]

0,000

4 5 6

Thickness of the WFB Hygg, mm

Fig. 13. Dependence of the static-bending strength across strips o of the facades
blockboards on the thickness of face decks made from WFB — Hyeg (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 Hyrs = 4
mm (Fig. 14).

s

0 25,00-30,00
W 20,00-25,00
0 15,00-20,00
0 10,00-15,00
| 5,00-10,00
0 0,00-5,00
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Fig. 14. Dependence of the static-bending strength across strips ay
of the facades blockboards on the width of PCW-made strips and
thickness of face decks made from WFB
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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; X5,
In order to determine equation coefficients in natural expression letus make use of

factors coding formulas which we insert into the coded equation.

(8)

7. = 1,116 + 0,05375Bpcw + 1,3085Hyrs — 0,00007Bpcw 2 — 0,139Hyyrs’ —

0,00005BpcwHwrs

(9)

When analysing the regression equation, we can see that the factor Hyg, 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 Bpcy Vval-
ues, output values teng to decrease as factor’s Hyrg 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 7., 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 7., of the facades

blockboards on the thickness of face decks made from WFB — Hyrg (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 te, MPa | oy nerimental value | calculated value

Bpcw | Hwrs blockboards 19 mm thick Yexp Y calc
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 7., = 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 Hyes
=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; Hwrg = 6 mm — shape
stability will be 0.082 mm; Bpcw = 20 mm; Hwrg = 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 woodfi-
berboard 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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02 glue spread for the core — 200-250 g/m?%; glue spread for a blockboard — 150-200
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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Y]IK 684.4 Hou. C.B. I'atioa, kano. mexn. nayk — HJITY Ykpainu

JocuigxenHs: QisMKo-MeXaHIYHUX XapaKTePUCTUK
(acagHuX CTONSPHUX IUIMT i3 BIKMBAHOI ICPEBUHH

OOrpyHTOBaHO JONUIBHICT BUKOpHUCTaHHS BxuBaHOi nepeunm (BXKJI) mis
MaTepiaibHOr0 BUPOOHUIITBA. 3anponoHoBaHo nepepodisitu BXK/ Ha cronsipHy miurty
(CII). 3ampomnonoBano HoBi koHcTpyKIrii CIT i3 BXK/I, siki € mpuaaTHUMH JUIT BUTOTOB-
neHHs QacaniB mebieBux BUpoOIB. ExcnepumeHTanbHO MIATBEPIXKEHO, MO (Pi3UKO-
MexaHiuHi BrnactuBocTi ¢acanuux CII i3 BXK][ BiamoBigaroTh BUMOTam CTaHIapTiB.
OnepxaHO 3aKOHOMIPHOCTI BIUIMBY IIMPUHHU PEHOK Ta TOBIIMHU JI€PEBHOBOJIOKHUCTOI
ity (JIBIT) Ha popMOCTIHKICTh, Ha MIITHICTh IPU CTATUYHOMY 3THHI BIIOIIEPEK PEHOK
Ta Ha MIIHICTh MPU CKOJIOBAHHI MO KJIeHOBOMY 1Iapi B cyxomy ctaHi ¢acagnux CII 13
BX/I. OtpumaHo ajnekBaTHI perpeciiiHi Mojeni, ikl MOXYTh OyTH BUKOPHUCTaH1 JJisi
onucy 00’€KTa JOCHIKEHHS. 3anpONOHOBAHO MPAKTUYHI PEKOMEHJAIlll II0JI0 BUTO-
ToBIeHHA Ta Bukopuctanus ¢acanuux CII 13 BXK]I ni1s mebneBoro BUpoOHUIITBA.
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BucHoBKHU:

1. OGrpynroBano, mo BX]| € nmpugaTHUM BTOPHHHUM pPECYpPCOM Ui BUTOTOBJICHHS
dacanuux CII, ockinbku maHa nepeBuMHa Mae HU3bKy Bojorictb (W=8+3 %) ta crabinbHi
BHYTPIIIHI HANpy>KCHHS, [0 MO3WUTHBHO BIUIMBA€ HAa (OPMOCTIHKICTD — HamNpyKEHO-
negopmoBanuii cran koHCTpykiii CII.

2. 3ampomonoBaHo HOBI koHCTpykmii CII i3 BXJI, mpumatHux s BUTOTOBJICHHS
¢acaniB mebeBuX BHPOOIB.

3. ®izuko-mexaniuni BiaactuBocti CII i3 BX]] maroTs 10cuTh BUCOKE 10JI€ PO3CIIOBAHHS,
TAM HE MEHIIE BOHM IMiJJAIOThCSA 3aKOHY HOPMAJLHOTO PO3MOJILTY, IO OYyJIO MiJTBEPIKEHO
kputepiem Ilipcona mpu aHaiizi BUOipkH 13 cTa B3ipIiB, BUNPOOYBAHUX HA MIIHICTH MPHU CTa-
TUYHOMY 3THHI BIONEpPEK pEHOK, Ha MIMHICTh MpPH CKOJIOBaHHI MO KIJICHOBOMY WIBY,
(bOPMOCTIHKICTB.

4. ®dizuxo-mexaniyni mapametpu Beix (acagamx CII i3 BXX][ toBmmuoro 19 MM He 3a-
JICKHO B1JT iX KOHCTPYKIIii (TOBIIMHM JTMUYKIBKH) 3aI0BOJIBHSIIOTH BUMOTH cTaniaptis [20, 21].

5. HaiiBumumu ¢i3uko-MexaHiuHUMH TapameTpaMu xapakrepusyerscsi (acamgai CIIT i3
BX/I 3a Takux ymoB: Bgyg = 20 mm; Hypn = 6 MM — dopmocriiikicts O6yane cranosutu 0,082
MM; By = 20 mm; Hyppp = 4 MM — MILIHICTh Ha CTaTUYHUM 3TUH BHonepek peilok — 29,395
MIla; By = 40 mM; Hygp = 5 MM — MILHICTh Ha CKOJIIOBAHHS IO KJICHOBOMY ILIapi B CyXOMy
crani — 1,581 MI1a.

6. OpmepkaHo 3aKOHOMIPHOCTI BIUTUBY IIUPWHHM peiok Ta ToBmmaM JIBII Ha
(bOpMOCTIKICTh, HA MIIHICTh HA CTATUYHHI 3TUH BIOIMEPEK PEHOK Ta HA MIIHICTh HA CKOIIO-
BaHHS 10 KJeiioBoMy miapi B cyxomy crasi ¢pacagaux CII i3 BXK/I.

7. Otpumani perpeciiiHi MOJeNn € aJeKBaTHUMH, a OTXKE MOXYTh OyTH BUKOPHUCTaHI IS
ormucy 00’ €KTa JTOCIIKEHHSI.

8. OOGrpynToBaHO, mo AJs 3abe3neueHHs BUCOKoi Gpopmocrtiiikocti pacagamnx CII i3 BXX]]
HEOOXiTHO BUKOPHCTOBYBATH JIEPEB’IHI PEHKU MEPEBAKHO PaaiajIbHOTO MEpepizy Ta JINIKyBa-
tr JIBII ToBIIIMHOIO 6 MM.

IpakTH4Hi pexoMeHaa W]

1. Jnsa pocsrHeHHs GOpMOCTIHKOCTI Ta MakcuManbHO1 MirHOCTI CII Ha cTaTUYHUN 3rUH BHOTIE-
pek peiiok, pekomenayersest mupuny peiiku CIT i3 BXK/] npuiiMatu He 6inbiie 2,5 ii TOBIIMHM.

2. Jlng orpumanns Qacaguux CII i3 BXX/I, moBepxHs sSkuX BiAmoBigajga BUMOTraMm IHOUHH (pe-
3epyBaHHsI, 10cTaTHRO NU4KyBaTu [IBII ToBIIMHOIO 5-6 MM.

3. Jna 3a6e3neuenns gpopmoctiiikocti CII 13 BXX/, siki ekcIutyaTyloThCsl B YMOBax 3MIHHO{ BOJIO-
rocri, 0a)kaHO 3aCTOCOBYBATH CIIBBIJHOIICHHS CTOPIH y MOIEpedHoOMYy mepepisi peiok 1:3, a kyT
HaXUIy piYHUX IIapiB B TOPI peiioK MOBHHEH OyTH He MeHie 45°,

Pexomennauii 10 koHcTpykuii i TexnoJioriii pacaguux CII i3 BXK/ ToBmmHoo 19 mm:

*  BOJIOTICTH peiiok — 8+2 %;

* JUIs peiiOK 3 MacUBY : MIKUpUHA = 2,5 TOBIIMHU

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

*  po3TallyBaHHs PEHOK — paaiaibHe, abo mig kyrom 45°;

e nuukyBatu — JIBII ToBImHO0O 5-6 MM;

e BuTpara kiero ans murta — 200-250 I‘/MZ;

» Burpara kiero ans CIT - 150-200 I‘/MZ;

e TeMreparypa Baiimu JuIs nuta — 85-90 °C;

* Temmneparypa npeca jia CII — 115-125 °C;

* yac BUTPUMKH min TckoM s muta — 30-40 xB;

* yac BuTpuMKH min Tuckom s CIT — 4-6 xB;

e tuck i mura — 0,5-1,0 MIla; ma CIT - 1,2-1,3 MI1a.

KarouoBi cioBa: nepeBuna, BxuBaHa aepeBuHa (BX/I), cromspua mmra (CII), nepeBHOBO-
nokuucra ira ([IBIT), nepepobnenns, ¢acaani noBepxHi, konctpykuii CII, TexHounorii, popmocTiii-
KICTh, MIilHICTb.
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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 Burkles 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.
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 Burklescompany,
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
laboratory 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.1.)

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 matter con-
tent. % 99+1 32+2 9+1
Density, kg/l 1.250 £ 0,030 1,050 £+ 0,020 1.370 £ 0.030
Viscosity (DIN 4 at
20°C, seconds) 30+2 90+3 38+ 2
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 LHa:?nh SPO\;\;(_er v
Drying power (360nm 80- | Power UV Lamps (360nm, 80- lium /meprcgr 80-
120W/cm) 120 W/cm) y
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:
o the carriage, moving reciprocally, on which the test sample is installed;
o replaceable illuminator with UV light-emitting diode;
o 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-1LA1l 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-1LAl (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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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
process 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 transforma-
tions 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 processes in wood composite materials. One can highlight five major
structural conditions in the WCM manufacturing process:

e Viscous state with viscosity varying during heating;

e formation of molecular and supramolecular structure, the transition of reinforced matrix to
highly elastic condition;

e temperature field lowering to T-vitrifaction, slowing down of elastic properties;

e transition to the glassy condition with vigorous increase in relaxation time due to the
supramolecular structuring;

e 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,
relaxation 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 struc-
tural transformationkinetics. The mathematical formulation of the heat conduction prob-
lem in view of the structural transformations Kkinetics is reduced to the following system

of equations:
du d du d dT
= A + ami'5i' o
dr  dx, ' dx dx, Y dx,

dar d dT du dT dy.

C = A +&p, I +Z +q —
are dxl[ " de] Pl g T T

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

heat; 6, means thermodynamic factor; ¢ means the phase transition criterion; y, means

the structural transformation value.
Note that for anisotropic bodies, the diffusion a

tios are the second-rank tensors.

During non-isothermal processes in the manufacturing process, WCM consis-
tently pass through the viscous-flow, highly elastic, and glassy conditions, and are ac-
companied by sophisticated physical and mechanical transformations. WCM condition
evolution is associated with a change in S entropy, internal U or free energy F and acti-
vation 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 microscopic terms is a thermodynamic system with an infinite number of

(1)

and thermal conductivity 4; ra-

mij
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molecules in the state of an unstable equilibrium (8U =0, sU? <0). A Kinetic equation
for the process in general can be written as follows
% = Z%‘Z—IA(S@ 1)+ 27, (LT)AS,. )
where: 1=1,3,5; j=2,4; 6()=0, t <0; o()=1,t>0
ot t,)=0o(-t)-o(t-t,)

Let us specify the ratio (2) for the key process stages. Since no structurally aggre-
gated transformations occur at stages 1, 3, 5, WCM can be regarded as an adiabatic sys-
tem in a thermodynamically equilibrated state. Parameter y. may describe the thermo-
dynamic probability of the condition. From the kinetic theory, we obtain

dn _Yr 3)

dT RT?
where R is the gas constant, and U, is the internal system energy.

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 formation is reduced.
dy
d—tz =k, 0,(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; o,(y,) means a depend-
ence of the chemical reaction rate: w,=1 y> means a polycondensation, and
w,=1 7y, 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 stiff-
ness and strength

ka0 ®)

After determination of temperature and humidity field parameters and structural
transformation 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 environ-
ment featuring the thermal viscoelastic properties. The environment permeability, and
its filtration properties are described by k k, factors. In general, the mechanical load
with P, intensity on the surface C(t), which occurs, for example, during movement, is

described by the function  f (t) =V *(t) [P,dC

A closed-circuit system of mechanics equations looks as follows.
e WCM equilibrium equation
y dive, +y,dive, =y, f()6(t-t,); (6)
where a and m indices belong to the reinforced particles and the polymer matrix,
respectively; and s is the delta function.
e equation of solving the velocity fields of the viscous-flow matrix with the field
pressure P therein
V, =-k,gradP (7)
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e equation of continuity in a strained viscoelastic medium

) v,k gradP) =0 ®
e physical ratios for reinforced particles and a polymer matrix
o, =Pl +F,(A,); pu=0,(p); o,=F,(e) (9)

where 4,, means the strain rate tensor; I 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 sup-
plemented with the mass conservation equation upon shrinkage strains

d@
L1dp 49y %% g, (10)
p dt dt

where 6, =&, means the volume strain.

In the process, WCM is modeled by anisotropic viscoelastic environment with
sophisticated thermal rheology, the properties of which depend on the structural and
physical condition, and the boundaries of one condition they are transient, heterogene-
ous and unstable. Therefore, the formalization of WCM dependencies is a very complex
task.

A real way of simplifying 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 humid-
ity-time reduction were determined in a broad range of T and U variation.

To establish specific dependencies (7) between the stress and strain tensors, the
postulates of irreversible process thermodynamics were used. The calculated physical
correlations look as follows

| doX
dJ :(1 yk( ))( ijmn dt +d—y6u]+yk(t)(b:mn0 ta u dt — T ij dt ] (11)

where aim means the stiffness tensor components; by, — means the viscosity tensor
components; and a; b means the temperature and humidity expansion tensor compo-
nents.

AT dU

Conclusion. A mathematical model for studying stress and deformation fields in
wood composite materials under heat and mass transfer conditions was constructed.

YJIK 684.4 I'en. 0-p €.11. Kynuneus, kano. mexu. nayk — TOB “Eno-Meoni JIT/T”;
acnipanmu’. A.A. Moxkpuuskuit, A.A. Axoeenxo; 10.B. Makcumie — HIITY Ykpainu

HocaimkeHHst 1epOpMaATHBHOCTI IepeBUHHUX
KOMIIO3MTHUX MaTepiajiB B yMOBaX TeIJI0 MaCOOOMIiHY

[IpoBeneHO aHaNi3 OCHOBHUX CTPYKTYPHHX CTaHIB B TEXHOJOTTYHOMY IMPOLIECI BUTOTOBJICHHS
JEPEeBUHHUX KOMIIO3UTHHX MaTepianiB. Bu3HaueHo mapaMeTpu TeMinepaTypHO-BOJIOTICHOTO OIS 1 Ki-
HETHKH CTPYKTYPHHUX HEpETBOPEHb Ta MOOYIOBAaHO MaTeMaTHUYHY MOJENb JJIsi BU3HAUCHHS HampyKe-
HO-71e(pOPMIBHOTO CTaHyY JIEPEBUHHUX KOMIIO3UTHUX MaTepiajiiB B yMOBaxX TEIUIOMAaCOOOMIHY.

Kir040Bi cji0Ba: B’S3KOIUIACTUYHICTD, B’ I3KONPYKHICTh, HANPYXEHO-e(OPMIBHHIA CTaH, Te-
Ky4iCTb.

58



UDC 674.05.053 Post-graduate V.I. Taras — UNFU; prof. A.S. Kutsyk,
Doctor of Technical Sciences — Lviv Polytechnic National University

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 par-
ticular 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 process-
ing the product of a given quality. Consequently, for scientific researches, the determi-
nation 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, electromagnetic
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 example, the
possibility of using rheostat and condenser sensors is influenced by the necessity of me-
chanical connection with the moving object of research; Magnetininductive — 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
maximum 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
radius 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 alternat-
ing 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=XZAnesin(newet+on), (@B
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=kedS/dt=keme*XAnenesin(newet+ 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 mag-
netic 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 graphi-
cally does not reflect the nature of the fluctuations of the saw, because the instantaneous
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 neces-
sary 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 rota-
tional speed. Therefore, the low-pass filter of the first order with the 50Hz 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 sen-
sor 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 de-
pendence 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
method of calibration is burdensome even for scientific research because of the need for
exemplary 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 sensitiv-
ity of 1 to 0.01 mm/V, but also to scale the received signals to represent the oscil-
lograms in the form of a convenient to estimate the value of the face runout of the saw
(for example, 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 devel-
oped 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 devel-
oped. 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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YJIK 674.05.053 Acnip. B.I. Tapac — HATY Ykpainu;, npogh. A.C. Kyuuk,
0-p mexH. nayk — Hayionanonuii ynieepcumem «JIvsigcoka nojimexnika»

MeToauka T0CJIiIKEHHS TOPIEBOT0 OUTTH
KPYIJIOI NUJIKHM B MPOLECi MUJISHHS JepeBUHA

TopreBe OUTTS MUIKK € BaXXJIMBUM MapaMeTpoM O0JIaHAHHS, 1110 BITUBA€E 30KpeMa Ha SKICTh
NPOAYKIl Ta JOBrOBIYHICTh IHCTpYMEHTY. OnmucaHo po3poOiieHy METOAUKY JOCIiIKEHHS TOPLIEBOIO
OWUTTS MWJIKY, KA BIAPI3HAETbCA BUKOPUCTAHUM JIATYUKOM, CIIPOIIECHOIO MPOIEAyporo Horo Kamiopy-
BaHHS Ta CIOCOOOM OOpOOKM OTPHUMAHUX CHTHANIB. 3aCTOCYBaHHS 3ac00iB OOUMCIIIOBAIBHOT TEXHIKU
3abe3neuye NIMPOKHUH Jiana30H HaJalITyBaHb, IHAMKALIIO pE3yJabTaTiB y 3pyuHidl ¢opMi, 1ae 3Mory
aBTOMaTH3allii Ipoieaypy 0OpoOIeHHS CUTHAIB.

Karouosi ciaoBa. Topuese OUTTS, MUISHHS JEPEBUHY, IHAYKUIMHUNA AaTYMK, KajaiOpyBaHHS,
TEXHOJIOTIYHUI KOHTPOJIb
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YK 647.047 Ilpogh. B.M. Maxcumis, 0-p mexn. nayk; acucm. P.b. Il]ynaxiecokuii, oou.
B.P. Cononunka, kano-mu mex. nayk;, acnip. FO.B. Maxcumie — H/IITY Ykpainu

CTAH TA NEPCIIEKTHUBHU PO3BUTKY JEPEBOOBPOBHOI OCBITH TA
HAYKHU B YKPAIHI

[IpoananizoBaHO Cy4yacHHMH CTaH Ta MEPCHEKTHUBU PO3BUTKY BITYM3HSIHOI J1epeBOOOPOOHOT
OCBITH 1 HayKH, OKpecieHo Huisixu B3aemonii 3BO 3 mignmpuemcrBamu ramysi, copmyliboBaHO 3a-
BJIaHHS B MIATOTOBIl BUCOKOKBamipikoBaHUX (haxXiBI[IB-TEXHOJIOTIB B YMOBAaX €BPOIHTETpaIlifHIX
NPOIIECiB Ta BUKJIMKIB CYy4aCHOTO CYCIILIbCTBA.

KarouoBi cioBa: nepeBooOpoOHa ocBiTa 1 HayKa, MpaleBIAITYBaHHS BUITYCKHUKIB, J1€pPEBO-
00poOHe MiANpPUEMCTBO, EKOHOMIKA TPAH3UTY, MDKHAPOAHA CIIBIIpAIlsl, €BPOIHTETPaLliiiHi IPOLIECH.

BUHATKOBO BaXXKJIMBOTO 3HAYEHHSI B YMOBax po30yJI0BU JICOMPOMUCIOBOTO KOM-
IJIEKCY, MMOOKUX IMHAMIYHUX MEPETBOPEHD 1IEpPEeBOOOPOOHOT rany3i, HabyBae cucTteMa
BIPOBAKEHHS SKICHUX PIIIEHb 11010 OpraHi3ailii 1 CTAHOBJICHHS HOBHUX Ta MATPUMKH
PO3BUTKY ICHYIOUHX MIJIIIPUEMCTB CEKTOPY.

B pamkax npuitHsitoro 3akony Ykpainu “IIpo ocoGnMBOCTI JAep:KaBHOTO pery-
JIOBaHHS AISUIBHOCTI CyO’ €KTIB MIAMPUEMHHUIIBKOI TISUIBHOCTI, OB’ 3aHO1 3 peaizalli-
€10 Ta EKCIIOPTOM JiicomarepiaiiB” (1010 MOPATOPIO HA €KCITOPT JIICO- Ta MUIOMaTepi-
alliB y HeoOpoOJeHOMY BUTIIAI) Ta 3akoHy Ykpainu “IIpo BHECEHHS 3MiH JO pO3IiTy
XX «Ilepeximni momoxxenus» [logarkoBoro koaekcy Ykpaiau” (1og0 0coOIMBOCTEH
OMOJIaTKyBaHHA Omepalliid 3 BBE3€HHS HA MUTHY TEPUTOPII0 YKpaiHU Ta MOCTa4aHHS Ha
MUTHIN TepuTopii YKpaiHu epeBo0OpOoOHOro 00naaHaHHA [l BIAPOKEHHS MPOMUC-
JIOBOTO BHPOOHUIITBA) MEPCIICKTUBU PO3BUTKY JCPEBOOOPOOHOT Ta MeOJIeBOT IPOMHUC-
JIOBOCTI OIIIHIOIOTHCSI €KCIIepTaMH y 30UIbIIEHHI 00’ €MIB BHYTPIIIHBOAECPIKABHOTO Tie-
pepobiienHs micomarepianiB y 3-4 pasu. e macTs 3MoOry CTBOPUTH YMOBH ISl 3HAYHO-
ro 30UIbIIEHHS KIJIBKOCTI IEpeBOOOPOOHMX 1 MEOJIIEBUX MIANPUEMCTB, a BIATAK MOTpe-
OyBaTUME MIJIFTOTOBKH BUCOKOKBaI1()1KOBAHUX 1HXKEHEPHO-TEXHIUHUX KaIPiB.

Cranom Ha 2013, 2014 i1 2015 poku YHCENBHICTH AEPEBOOOPOOHUX 1 MeOIEBUX
mignpueMctB cranoBmiia 4815, 4350 i1 4440 ogununs BianoBigHo. Ha mux mianpueMct-
Bax 3aiHATO /7.6 Thc., 71.2 Tnc. i 69.4 tHc. oci6. OOcsAT peanizoBaHOI MPOIYKITT Y
MJIPJA.TPH. y Il poku ctaHoBuB 17.3, 22.8 1 32.3 BianoBigHo. B 0ocHOBHOMY 1€ crieltiati-
30BaHl MIANPUEMCTBA, HA SKUX 3alHATO MPUOJM3HO AEKUIbKA JCCATKIB IMPAIIBHUKIB.
BiibIicTh MANPUEMCTB SIKICHO PI3HATHCSA PIBHEM OCHAIEHOCTI — B1jJ 00JIaIHAHHSIM Bi-
JOMUX €BPONEHCHKUX (ipM, 10 00JIaIHAHHS BIK SIKOTO CSTa€ ACKUIbKOX JIECATKIB POKIB.
[IpakTruHo ycix 00’e€Hye oaHa mpobiaeMa — kaaposa. Lle aedinuT sk kBamigikoBaHUX
pPOOITHUKIB, TaK 1 IHXKEHEPHO-TEXHIYHUX KaAPIB.

SIKICTh MIATOTOBKM KaJIpiB JiA OyJb-sIKOi Taidy3l 3aJeKUTh BiJ OaraTbOX YMHHHU-
KiB. Y mepiy 4epry Bij piBHS Aep:KaBHOro (piHaHCYyBaHHS OCBITH 1 Hayku. Ha xans, 3
KOXKHUM POKOM BOHO MOTIPIIYETHCS.

BaxnuBUM YMHHUKOM € TaKOXX MOCHJICHHS BIUIUBY POOOTOJIABIIIB HA SKICTh IMij-
TrOTOBKH KaJIpiB, 30KpEMa Ha PIBEHb iX MPAKTUYHOI MiATOTOBKH.

Ha pa3i 3a1iikaBiaeHicTh poOOTOIABIIIB 3BOAUTHCS 10 ABOX Mo3uilii. [lepia moss-
ra€ y 3alpolleHHl Ha poOOTy JAEKUIbKOX XOPOIIUX BUIYCKHUKIB. | SIK TUIbKU I11€1 METH
JOCSITHYTO — 1HTEepec 10 nmoaaneinoi criBmpail 13 3BO 3uukae. CyTh Apyroi nojusrae y
3aJIy4eHH1 CTYJCHTIB JI0 MPOXOJKEHHS MpaKTUK. € MeKUIbKa MIANPUEMCTB K1 TOTOBI
NPUUHATH Bl D 1 OUIbIIE CTYJEHTIB, 3a0€3MEUUBIIN iX POOOTOI0 Ta MPOKUBAHHIM:
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“Eno Meo6mi JITH” (M. Mykadero), TOB “Me6mi-TOKABO” (M. Yepnisiii), MebieBa
dadpuka “Jlamemna” (M. Tsaui), T30B “bpama” (m. JIpBiB) Ta inmii. [TeBHUI BiICOTOK
CTYJICHT1B 0aXaroTh MPOXOAUTH MPAKTUKHU 3a MiCIIeM MpokuBaHHs. [Ipote, sk mpaBuio,
3BO He Moke 3a0e3MeUnTH KOHTPOJIb 3a MPOXOKEHHSIM MPAKTUK TaKUX MOOJUHOKHUX
CTyAEHTIB. YacTo CTYJIeHT Ha MPaKTHUIll — 1€ JieleBa podboya cuia, sKa, BIATaK, HE MO-
e OyTH sIKiCHOI0. BHACiIOK IIbOT0 BUHUKAIOTh B3a€MH1 HEBJJOBOJICHHS.

[TocuneHHsi €BpoiHTErpaliiHUX MPOIIECIB B LIAPHUHI OCBITH 1 HAYKU € OJHUM 13
HUISIX1B TOKPAIIEHHS SIKOCTI MiITOTOBKY (PaxiBIIiB JAJIsI TaTy3i.

[TinroToBKY KaapiB st 1epeBOOOpPOOHOT raity3i B YKpaiHi CbOr0JiH1 3/11MCHIOIOTh
YOTUPU YHIBEPCUTETH, CIM Tajdy3eBUX KOJICJ)KIB, YOTHUPH BHUIIHUX MpodeciiiHo-
TEXHIYHUX YUYUIIUIIA 1 JEKUIbKA JIECSTKIB 3aKj1aaiB MPoQeciiftHO OCBITH.

bazoBum BiTunszHsiHUM 3BO 3 miaroroBku (axiBIliB AJis JICOMPOMHUCIOBOTO KOM-
wiekcy € HanionanpHuii J1icoTexHiuHui yHiBepcuteT Ykpainu. IlinrotoBka (haxiBIliB-
TEXHOJIOTIB 3/IIMCHIOETHCSI HaBYAIbHO-HAYKOBUM IHCTUTYTOM J€PEBOOOPOOHUX TEXHO-
Jorivi i au3aiiny. Ha TexHomorivanx kadeapax iHCTUTYTY 3o0cepemkeno 10 80 % nHay-
KOBO-II€/IarOT1YHUX KaJApiB, sIK1 MalOTh 0a30BY OCBITY 1 BIAMOBIJHY HAYKOBY CHeEllialb-
HICTh. TYT Mpalio0Th Mai’ke ycl JOKTOPU HayK 3a TEXHOJOTTYHOIO JE€PEBOOOPOOHOIO
CHeIiaTbHICTIO. BuImyck TexHOJIOTIB 3 nepeBooOpoOku BemeThes 3 1946 poky. Cranom
Ha ChOTOJIHI TYyT TOTYIOTh 3a yciMa piBHSIMHU: OakaiaBp, Marictp, AOKTop (inocodii i
JIOKTOP HaYK.

3a mepioz 3 1998 p. i mo 2015 p. mns nepeBooOPOOHOT TaTy31 MATOTOBICHO Maii-
K€ MIBTOPH TUCAY1 (axiBI[IB-TEXHOJIOTIB 3a cTalioHapHoio (opmoro HaByaHHA. [l{opiu-
HO 32 TEXHOJIOTIYHUMH (IepeBOOOPOOHUMH) HANPSIMAMHM/CIICIIaTbHOCTSIMHA HABYAIOCS
Big 300 mo 500 ctynenTi (puc.l).
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[Tonpu 11 Ta iHII JOCSITHEHHS OUIBII BaXKJIMBUMU € MUTAHHS NMEPCIEKTUBU — THU-
TaHHS NUISIXIB PO3BUTKY BITUM3HSHOI 1€pEBOOOPOOHOT OCBITH 1 HAYKHU.

VYkpaina mparte iHTErpyBaTUCh 10 KpaiH €BpOCOI03y, MalOYH MPU 1IbOMY ICTOTHE
BIJICTABAHHS y CBOEMY PO3BUTKY, IPUPEUCHA WUTHU CIiJaMU NEPEAOBUX €KOHOMIK, Bpa-
XOBYIOYM MPU I[BOMY CBOI «HAI[IOHAIBHI» 0COO0MMBOCTI. IlepenoBi eKOHOMIKH MpsAMY-
I0Th JI0 HOBOT'O €KOHOMIYHOTO TOPSAIKY (HOBOi €KOHOMIKH) 3HAXOISYMCh Ha PI3HUX
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CTaJisIX €EKOHOMIKH TpaH3UTY. YKpaiHa 3HaXOAUTHCA Ha 11 Mo4yaTKoBil craii. EkoHoMi-
Ka TPaH3UTY — MOCTYMOBE BIPOBAKEHHS 3aXO/1B 3 €HEPro30epekeHHs B ycixX cdepax;
MOCTYNOBUM MepeXi/l BiJi HEBIAHOBIIOBAIBHUX JIXKEPEJ €HEprii 10 BiIHOBIIOBAHUX; Ti€-
pexia 10 MaJOBIIXOIHUX TEXHOJIOT1H; pO3BUTOK TEXHOJOTIH yTHmi3aIii cMIiTTs (Bigxo-
TiB) 1 HOr0 BTOPHMHHOTO BUKOPHUCTAHHS; IIOCTYIIOBE BIPOBAKEHHS €KOJOTr00e3MeuHnX
TEXHOJIOT'1# (3MEHIIICHHS HETaTUBHOTO BILTMBY TEXHOJIOTIH Ha JIOBKU/LIA).

JIo OCHOBHUX MPHUHIUIIIB HOBOI €KOHOMIKA BIHOCSThH: 3Ha4YHA YACTUHA €HEpPrii
BUPOOJISIETHCS 3 BIAHOBIIOBAHUX JIXKEPEN €HEPTii; BUKOPUCTAHHS OE3BIAXOJHUX TEXHO-
JIOT1¥; BUPOOHUIITBO PECYpPCIB BHACHIIIOK MEPEePOOJICHHS CMITTSI MOOYTOBOTO Ta IPOMHU-
CJIOBOTO MOXOJKEHHSI, BIACYTHICTh HETaTUBHOT'O BIUIMBY TEXHOJIOT1H Ha JOBKULIA; MO-
CTYNOBE BIJHOBJIECHHS Oioc(epy; BUKOPUCTAHHS IITYYHOTO IHTENIEKTY; PO3pOOJICHHS
HOBUX (Y T.4. MOIM(IKOBAaHUX) MaTepialliB Ta O10TEXHOJIOT1H TOIIO.

Ile maiixapakTepHIIIl PUCH IO CTOCYIOThCS Jullie chep BUPOOHHUIITBA 1 €Hepre-
TUKU. 3 OIJISIIy Ha BUIIE HaBEJICHE MEPCHEKTUBU BITUMU3HSAHOL IEPEBOOOPOOHOT TEXHO-
JIOT14YHOI HAYKH 1 OCBITU € HACTYITHUMHM:

e @dopMyBaHHSI HOBUX 3HaHb 1 MOTJISIB IPO ACPEBUHY, K BIAHOBIIOBAHE HKEPEIIO
CUPOBHUHHU 1 EHEPTii.

e MoandikyBaHHS JEpEBUHU 1 JIEPEBUHHUX MaTepiajiB 3 METOI HAJaHHS IiM
KpalluX CKCIUTyaTal[ifHUX 1 €CTETUYHHUX XapaKTePUCTHUK (CBITOBHU TPEHI, SKHMA
IHTCHCHBHO PO3BUBAETHCSA).

e Po3po0siecHHST 1 BOPOBAKEHHS E€KOJOroOE3MeYyHUX 1 PecypcoolaTHUX
TEXHOJIOT1H CYUIIHHS, CKJICIOBAaHHS JIEPEBUHM 1i OMOPSAKEHHs(MIOYMHAIOYN Bij €Tamy
BUTOTOBJICHHS KJEiB 1 JakodapOoOBUX MaTepianiB, MPOJOBKYIOUM uepe3 TEXHOJIOTii
CKJICIOBAHHSI 1 OMOPSKEHHS, BPaXOBYIOUM €Tal eKCIuTyaTailii BUpOoOiB 1 3aBepUIyIOUU
YTHITI3AII€10).

e BukopuCTaHHSI 3aJMIIKIB JAepeBOOOPOOKH AJisi BUPOOHUIITBA ajbTEPHATUBHUX
BU/IIB NAJIMBA — IPAHYJ 1 OPUKET Ta IH.

e BrpoBamkeHHS MaJOMIOAHUX 1 O€3II0JAHUX TEXHOJIOTIA  00poOIrOBaHHS
JEPEBUHU 1 BUTOTOBJIEHHS MPOAYKIIi 32 paXyHOK BIPOBAPKEHHS €JIE€MEHTIB IITYYHOTO
THTEJIEKTY.

Bume nepenideHi 3aBnaHHs Uil HAYKW Ta OCBITH JIeKaTh B OCHOBI IMIJATOTOBKH
(haxiBIIIB-TEXHOJIOTIB 3aKJIaJlaM1 BHUIIOI OCBITH. SIKiCHA  MiATOTOBKA KaJpiB MOBHHHA
TaKO’K BpPaxOBYBaTH Cy4acHI TEHJIEHIIIi Ta OCOOIMBOCTI PO3BUTKY €KOHOMIK B YMOBaX
ro0ai3aifHuX MpoIeciB:

e CBpoOIeENCchbKlI €KOHOMICTH MPOTHO3YIOTh HACTYINHI 3MIHM y pI3HUX cdepax
3aifHATOCTI Ha mepcrekTuBy 10 2025 poky. CKOpOYEHHS 3aifHATOCTI MPOTHO3YETHCS Y
cdepax: BUAOOYTOK BYTiuIs 1 po3podieHHs kap’epiB (~20%); ciibCchke TOCIOIapCcTBO,
JiciBHHITBO 1 pubanbcTBO (~20%); enekTpuka, ra3, konauiionysanas (~10%); Bogo-
MOCTaYaHHs, KaHami3allisg, yrnpasiainasa Biaxomamu (~6%); mpoMHUCIOBICTb, MUCTEITBO,
pekpeairis (~5%).3pocTaHHs 3alHATOCTI Y HACTYmHUX chepax: Hayka i TexHika (~20%);
ocita (~10%); indopmaruka i komyHikamii (~10%); oxopoHa 370pOB’s 1 coIliaJibHA
po6ora (~8%).

e Jlocnimxenusa nposeaeHl y €C noka3yroTh, 110 3@ HAOYTUMH CHEUIaIbHOCTIMU Y
3aximHux Kpainax €C He npamroe ~ 35 %, y nearpanbanx ~ 50 % i ~ 60 % y cxigHux
kpainax. B Ykpaini monan 60 % maroTe mpobiemMu 3 mparieBIamTyBaHHIM 3a 3700 yTO0
CHELIATbHICTIO.
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e 3rigHo 3 gochimkeHHsaMu Okchopacekoro yHiBepcuteTy a0 2025 y po3BHHEHHX
exoHoMikax 3HUKHYTH 40-50 % mpodeciii. HaTomicTe iHII OTpUMalOTh PO3BUTOK, a Ti
SAKUX 3apa3 HEMa€ CTaHyTh 3BUYAHHUM SIBUILIEM.

e 3a manumu pobOoromaBmiB «uucthi» (100%-wnii)iHKEHEP-TEXHOJIOT HE IYyXKe
noTpiOHUM BUpOOHUYMM chepaM MPOMUCIOBOCTI. BigTak 3arpeOyBaHUMU € «T10pUA» —
50-70% TexHOOT, pemTa — MEHEIKep, Tu3aiHep, OyXraiaTep, mporpamicT 1 iHIe 3a-
JIEXKHO BiJ] CUTYAIII.

e B Vkpaini Haniuyerbes noran 400 tuc. 6e3pobitaux. 3 Hux: monan 40% me mro-
7M1 3 BUITIOIO OCBITOIO, 3 TPO(DECIHO-TEXHIYHOI 0CBITOI0 ~38%), 3 CepeTHBOIO OCBITOIO
~20%. Ha 3aran — 1e 101 EPEINEHCIHHOTO BiKY, SIKUM YK€ BaXKKO IEPEyIyBaTHCh.
Tum made, mo B YKpaiHi Maii’ke BIICYTHS CHUCTEMa MEPEMNiIrOTOBKU KPIM TOTO BHUIIA
OCBITa J10 LOro HerotoBa. [Ipoliec mepeniAroTOBKM XapaKTEpHUN THUM, IO JIIOJIU
NPUNIYTH HE 32 IUIIOMOM, a 32 KOHKPETHUMU 3HAHHSMH.

e VYKkpaiHa 3HAXOJAUTHCA y CTaHI CUCTEMHOI KpH3H, sIka IPOHU3YE yCi cPepu — fK
BUPOOHUIITBO, TaK 1 OCBITY Ta HayKy. /[ KpU30BOro CcTaHy XapakTEepHUM € Te, IO
3Ha4YHA YacTMHA POOOYMX MICIb HE € TPAAUIIAHO 3 MOBHOI 3aHATICTIO 1 MOBHUM
COI[IAJIbHUM TAKeTOM — KOPOTKOTEPMIHOBI KOHTPAKTH, CE30HHI POOOTH 1 4YacTKOBa
3aHATICTh. lle HeoOXimHO BpaxoByBaTH BOpraHizailli HaBYaJbHOIO TMpOIECy Ta
dbopmyBaHHI ckiany kadeap.

e HoBi TexHOJOT1i B YKpaiHCBbKOMY Oi3HEC1 «IMOMaAaloTh» CIIOYATKY Yy cepy BH-
poOHMIITBA, TOMY Oi3HEC PO HUX 3HAE LIBHIIE Ta Kpallle 1 MOBUHEH aKTUBHIIIE JTOJTY-
YaTHCS 10 MPOIIECy MIATOTOBKHU KaJAPiB, 0COOIMBO MPAKTUYHOI MIATOTOBKH.

3 orisily Ha BUIIE HaBEJIEHE HEOOX1HO TOTYBATH CTYJEHTIB BUUTHUCS YIPOIOBK
JKUTTSA 1 BMITU IPUCTOCOBYBATHCH JI0 3MIHU CUTYaIIiil.

B opranizaiiii HaB4aibHOTO Mpoilecy HEOOXITHO 3A1MCHIOBATH OpraHi3ailiiHy Ta
CTPYKTYpHY nepeOyioBy Kadeap, IHCTUTYTIB Ta IHIIUX CTPYKTYPHHUX MiApo3auIiB. Bu-
KJIaJalbKa JisUIbHICT HE TTOBUHHA OYTH €JIMHUM JKEPEJIOM JOXO/1B. Y4acTh y MIKHA-
POJHUX MPOEKTaX, IpaHTax, poOoTa 3a paxoM Ha (ipMax, HAYKOB1 KOHCYJIbTAIIl TOIIO
MMOBHHHI CTaTH HOPMOIO AISNIBHOCTI BUKJIaIaviB. 3BUYHUM SIBUIIIEM MOKE OyTH HEIOBHA
3aHsATicTh BUKiIanada (0.25-0.5) craBku. UacTHHA KOJIGKTHBY OOMPAETHCS TEPMIHOM Ha
5 poKiB, yacTuHA Ha 1 pik 3aJ€)KHO BiJ HaBaHTaXEHHs. J[0 1IbOT0 KOJIEKTUB HEOOX1THO
rotyBatu 1 GOpMyBaTH HOBY T€HEPAI1I0 BUKJIA1aylB.

HaliBaxuBIlIMMHY 3aBJIaHHSIMU Y MIDKHApOAHIN CIIBIpalll HA HAITY AYMKY €:

1. TIponoBikeHHsI poOOTH 3 OPOPMIICHHS 3asBOK Ha Y4acTh Y MIKHAPOJHHUX rpaHTax
1 mporpamax.

2. Po3po0neHHsT cuCTeMH 3aXOJIB MIOJ0 IMPOXOKEHHS CTaKyBaHHS BUKIQJIAYiB y
3aKOPIOHHHUX.

3. HaGmmkeHHs HaBYAJIBHHUX IUIAHIB ITIATOTOBKH TEXHOJIOTIB 3 JIEPEBOOOPOOKH 10
KpallliX 3aKOPJOHHUX AHAJIOTIB, a TAKOX PO3POOJICHHS CHUIBHUX OCBITHIX Ta HAaBYallb-
HUX IIPOTrpaMU Ha MaricTepChbKOMY PiBHI.
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JOCJII)KEHHA ®OPMOCTIUKOCTI
KJECHUX IIUTIB I3 BJKUBAHOI JIEPEBUHU

BcranoBneHo, 1m0 A BOOPSAKYBAaHHS BUKOPUCTAHHS JIICOBUX pecypciB YKpaiHM HEOOX1IHO
MPUCKOPUTH TPUHHATTS 3aKOHIB IIOJ0 pecypco30epexeHHs 1 BUKOPUCTAHHS BTOPMHHUX BiIXOIIB.
ByxuBaHa nepeBuHa € 101aTKOBUM PECYPCOM, MPUAATHUM JUIsl MaTepialibHOTO BUKOPHCTaHHS, 30KpeMa
y BUPOOHUIITBI IUTOBUX elleMeHTiB. JlocmimkeHo, mo (GOpMOCTIMKICTh CTONSPHUX TUTUT Ta MEOIEBUX
IIUTIB MPU BUKOpHUCTaHHS perok mupuHoio 20-40 MM , BiAmoBizae BUMoOraMm cranfapty. @opmocTiii-
kicTb kombOiHoBaHux CII i3 BXK]] € Bumoro, Hbk MeOJIIeBHX IIUTIB 32 OJJHAKOBUX KOHCTPYKIIiH, 30Kpe-
Ma CKJIaJaJIbHUX €JIEMEHTIB — peiiok. BeraHoBneHo, 1mo it 3a0e3nedeHHst NiANPUEMCTB BXKHBAHOIO
JIEPEBUHOIO0, MOKJIMBO, KpIM 3BUYalHUX LIUTOBUX €JIEMEHTIB, BUTOTOBIATH KOoMOiHOBaHi. PekomeH-
JTOBAHO JUIS MIJBUILEHHS (OPMOCTIMKOCTI ITUTOBUX CKJIAJAIbHUX OJAMHUIL 0a)KaHO BUKOPUCTOBYBATH
peiiku Maaux mupruHoo 10 40 M.

KurouoBi ciioBa: BxuBaHa JiepeBuHa, cToisipHa rumta i3 BXK/I, mebnesuit mut 13 BXX/, kiee-
Hi IIUTH, TEXHOJIOT1s, (POPMOCTIHKICTb.

CTaH NUTaHHA Ta AKTYaJbHICTh. J[epeBHI BIAXOAU YTBOPIOIOTHCA Y BUPOOHU-
KiB JIepeBOOOPOOHOT MPOIYKIIIi 1 CIIOKUBAYIB JepeB’ THUX BUPOOiB. Ha cboroaHi e1uHO1
KiIacuikaiii 1epeBUHHUX BiAX0/11B HeMae. MojkHaA X MOAUIMTH Ha BIIXOJIU TEXHOJIOTI-
yHi (YTBOpEHI B IIPOIECi BUTOTOBJICHHS BUPOOIB) 1 BXKMBaHI Bixou (yTBOPEHI BHACITI-
JOK BUKOPHMCTAHHS 1 BUKHJAHHS TUX ¢ BUpoOiB). Hectaua 3akoHIB 1 BIAIOBIAHOT Kiia-
cu(ikarii 1epeBHUX BIIXOIB 3T1THO 3 TOKCUYHICTIO 1 MIKIJTMBICTIO CIIPUYUHIOE 0araTo
HETIOPO3yMiHb, K y TPAKTyBaHHI CaMOro TEPMiHY BIIXOJIB, TaK 1 B MIAXO0J1 JI0 iX €KO-
HOMIYHOTO Ta €KOJIOTTYHOTO 3aCTOCYBAHHSI.

CroroaHi ¢irypye oOrpyHTYBaHHS, 110 BIAXOIU — I1e¢ 0€3MOBOPOTHI BTPATH IS
MIJMPUEMCTBA, K1 a00 CHATIOITHCS a00 BUBO3SATHCS HA 3BAIMIIE, a 3aJUIIKU JEPEBUHU
B1Jl OCHOBHOI MPOJYKIIIT — 1€ IEPEBUHHUIN pecypc, AKUH MOKe OyTH MPOJAaHUM IHIIOMY
BUPOOHUKY a00 nepepoOIeHuid Ha TOJATKOBY MPOAYKIIT 1 TAKOXK PEaIi30BaHOI0.

barato Hemopo3yMiHb BUHHUKAE 1€ ¥ TOMY, IO MO-OJJHOMY OIIIHIOE BIJIXOJU BH-
pPOOHUK, MO-IHIIOMY — CIIOKHMBAY, a IlI€ 1HAKIIe COPUIAMAIOTh iX 3 OIJISiAy HAa OXOPOHY
JIOBKUJII. BBaaroTh, 110 JepeBUHA K HaTypajlibHa CHPOBHHA HE MOJXKE 3arpO’KyBaTH
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noBkuutro. Lle 3amexuTe BiA iX BHAY, KUIBKOCTI Ta cnocoOy yrtuiizauii. Kigpkicts 1
AKICTh BIJIXOJ11B 3yMOBJIEHa Mpo¢iyieM MPOIYKIIii Ta TEXHOJOTIE€0, BIPOBAHKEHA HA Ja-
HOMY MIJIPUEMCTBI.

CbOorofiHi akTyajabHOI MPOOJIEMOI0 KOMIUIEKCHOTO BUKOPUCTAHHS JIEPEBUHHOT
pECypCiB € EKOHOMIYHO Ta €KOJIOTTYHO OOIPYHTOBAH1 3aX0/IU 3 MepepoOICHHS IepEBUH-
HUX BIIX0miB, 30kpeMa BxuBaHoi aepeBunu (BXK]I). IlincraBoro mis orminku BX]I 3
orjsiy Ha Oe3neky MoBKULIA € ix ximiyHui cknan. B HIITY Ykpainu po3po6aeno Kia-
cudikatop BX/I, 3rigno sikoro Bcro BXKJ[ moaineno Ha wotupm kateropii. Jist matepi-
anbHOTO BUKOpucTaHHs npuaatHa BXKJ[ mepmnoi ta npyroi kareropii. I3 skicHoi oun-
mienoi BXXJ (crapux meOneBHX 1 CTOMAPHO-OYIIBEIPHUX BUPOOIB) MOKHA OTPUMATH
JIOIIIKU, OpYCKH, pEeHKH, a TaKOXK TEXHOJOTIUHY TpiCcKy. BincopToBaHi Ta BUNWISHI Ha
BI/IMOB1/IH1 ToNIepe4H1 po3Mipu peiiku 13 BXK]] pi3HUX mopia MOXKyTh OyTH BUKOPUCTaH1
JUTSl BUTOTOBJICHHS KJICEHUX IIUTOBUX €JIEMEHTIB, 30KpeMa, CTOISIPHOT IUIUTH Ta MebJie-
BOrO IIHUTA. AJie BIICYTHICTh TEXHOJOTIYHHUX PIillIEHb, MPAKTUUYHUX PEKOMEHAAIId Ta
MEePEBIPEHNX MOKA3HUKIB, B TOMY YHCJ, Ha (POPMOCTIMKICTh, BUMAraloTb €KCIIEpUMEH-
TaJIbHUX JOCIIIKEHD.

Merta gocaigxeHb — JOCTIAUTHA Ta BUKOHATU MOPIBHSJIBHUI aHami3 (opMOCTIii-
KOCTI IIUTOBHUX €JIEMEHTIB KJIICEHUX KOHCTPYKIii, 3pobnenux 13 BX]I.

O0’ekT mociigkeHb — KieeHl muToBl eremMenTd 13 BXK]I | meOmeBuid muT Ta
CTOJISIpHA IJIUTa KOMOTHOBAHUX KOHCTPYKIIiH.

IIpeameT mocaixeHb — 3aKOHOMIPHOCTI BIUIMBY KOHCTPYKIIiH MUTIB HA (OpMO-
CTIMKICTh TOTOBUX BUPOOIB 13 BXK/]

MeToauka aoc/ilzKeHb. 3arajibHa METOJMKa JOCHIIKEHb BKIIOYA€: 3aroTiBiIio
BXX/I. Ounmienns ta copryBands BXK/[. TexHosoriyi onepaiii 3 BATOTOBJICHHS PEHOK
3 BXKJI. BurotoBnenns MmebseBux muTiB 13 BXK]I. BUrOTOBIEHHS CTOJMAPHUX IIMUTIB 13
BXX/I. Burorosnenns cronsipuux it i3 BXK/I. [lepeBipka Ha ¢GopMOCTIHKICTh CTOJIS-
PHUX IUIAT Ta MEOJIEBUX IIIUTIB.

Marepianu s OpoBeAeHHs AOCHiKeHb — 1ie 3arotoBku BXKJ[ mopoau ny6 Ta
cocHa, kel [IBA kommanii Jowat, ¢anepa, TOBIIMHOIO 4 MM.

Petixu 3arotoBisuuck nomnepedHuM po3mipom 20%20, 20x40, 20x60 mwm. Ilicns
CKJICIOBaHHS OJIEpXKyBaM KajiOpoBaHi mutu po3mipom 450%450x%16. JluukoBaHi cTo-
nspHi ity 13 BXK]] manu ToBuHy 22 M.

Jns BUpILIEHHS TMOCTABJICHUX 3aBAaHb MOCIIKEHb OYyJI0 BHKOPUCTAHO ILJIaH
JIPYroro MOpsiAKY, KU J03BOJISIE OTPUMATH MaTEMaTHUYHUM OMHUC O0'€KTa y BUIJISII
MOJIIHOMY JIpYroro mopsaky (KBaapaTWyHa MOJEh). Y 3arailbHOMy BHIAAKY i K
3MIHHUX (PaKTOPIB perpeciiiHa Moiesib Ma€ BUTIISIA!

y=b0+zk:bixi +zk:bﬁxi2 +
i=1 i=1

k
biu Xi Xu ' (1)
i,u=1
ne: b, — Binbuwii unen; by — ninikini koediunientu perpecii, § =1,k ; b — kBagpaTnuni
KoedirieHTH perpecii; bj, — xoedirienTn npu napaux B3aemonisx, # =1,k (i£u).
PiBHsIHHS perpecii, sike MOXKHa OTPUMATH y Pe3yibTaTi peainizauii B-miany nmis
1BOX (DaKTOPiB, Ma€ TAKUHM BUMIIAN © Y = by +byx, +b,x, +b,x7 +b,,x7 +b,x.x,.
Jlist ABOX 3MIHHUX (DaKTOPiB KIIBKICTh AOCIIIB B-Myany 10piBHIOE
2 . .
N=2°+2*2=8. OcKiIbKH Ha OCHOBI OIITYKOBOTO €KCIIEPIMEHTY BU3HAYCHO, IO B KOX-
HOMY JOCHI1 OyJIO TPOBEAECHO M’ SITh CIIOCTEPEHKEHD, TOOTO KIIBKICTh CIIOCTEPEKEHD B
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excriepuMenTi gopiBHIOE 8%X5=40. [1[00 YHUKHYTH CUCTEMATUIHUX ITOMUJIOK, YCi CIO-
CTEpEKEHHS MPOBOAWIN 32 FEHEPAIlI€l0 BUMAIKOBUX YHUCEN. Y pe3yJbTaTi JOCTIKEHb
SBUIIA 3 JITEPATypPHUX JIKEPEN, MPAKTUYHOTO TOCBILY 1 TEOPETUYHOrO aHAII3y AOCIiI-
HUK O0yJ10 BUOpaHO 00JIacTh eKcriepuMeHTy (Tadu. 1). 3MiHHUMH (HaKTOpaMHu JJIsl KOM-
OiHOBaHUX IUIMT Oynu mmpuHK periok 13 BXK]] 20, 40, 60 mm ay6a (Bx) Ta cocam (Bc).
BuxigauM mapamerpoM Oyio BiAXWJICHHS S Bij TUIONIMHHOCTI OJIEPKaHUX KOM-
O1HOBAHUX IIUTOBHUX €JIEMEHTIB, CTOJAPHOI IUTUTH Ta MEOJIEBOTO IITUTA.

Tadoauua 1. MaTpuns B-niiany nJis 1Box 3MiHHUX (pakTopiB

3Ha4yeHHs BXiTHUX (aKTOpiB y HOCIiAl
Ne nocniny VY HarypaJlbHOMY MT03HAYEHHI VY K0JI0BaHOMY IO3HAYCHHI
BII Bc X1 X2
20 20 20 -1 -1
k 60 20 20 1 -1
fior 2 20 60 60 -1 1
60 60 60 1 1
20 40 40 -1 0
3ipKOBi TOUKH 60 40 40 L 0
40 20 20 0 -1
40 60 60 0 1

BuMiproBaHHS cTpiid MPOTUHY (BiIXHMIJICHHS BiJl TUTOIIMHHOCTI) SIK OJIHI€T 3 OCHO-
BHHUX XapaKTEPUCTUK (HOPMOCTIHKOCTI 3A1MCHIOBANIN MICIsI TUXKHEBOI BUTPUMKH €KCIIe-
PUMEHTAIIBHUX 3pa3KiB y KIMHATHUX yMOBax. BuMiproBaHHS IPOBOJIUIIHN 32 JOTIOMOTOIO
eKCIIepUMEHTaIbHOI ycTanoBku 3 UITY (puc. 2).

o omen [CKII won Oftvens: 50000 vo.oom0 2 om0

0.0000
0.0000

Puc. 2. Excnepumenmanshna ycmanoska 3 9I1Y ona euznauennsn gpopmocmiiikocmi

3naueHHs unuciaosoro ingukaropa I (3)-25-0,01 (TounicTs BumiproBanus 0,001
MM) 3YUTYBaJId 3a JOMOMOI'OI0 IpOrpaMHOro 3adesnedeHHs (ipMu «MIKpOTEX» THITY
YIC-P1-COM rta nepenaBanu y cepenouine Microsoft Excel mist 3amucy ta 00po06iieH-
Hs. Bci 3HaueHHss GOpMOCTINKOCTI OJIepKaHUX IIUTOBUX €JIEMEHTIB MOPIBHIOBAIH 3 HO-
pmatuBHOIO BenmmuuHOO (0,3 MM) 3riqHo 'OCT 6449.3 "Jlomycku Ta mocanaku. Jlomyc-
K1 (popMHU Ta pO3MIIICHHS TOBEPXOHBb . 3a pe3yjbTaTaMU MOPIBHIHHS POOUIIN BUCHOB-
KM Ta HABOAWIH MPAKTUYHI PEKOMEHAAIII].
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PesyabraTu onep:kaHHs mUTOBUX eneMeHTiB i3 BJK/. 3a pesynpratamu no-
CHIKeHb OYyJIO BUTOTOBJIEHO B3IpIl — MeOJIEBl IUTU Ta cTOJsipHI mumtH 13 BXK] nns
MOJAJBUIOT0 €KCIEPUMEHTAIIBHOTO JTOCIIIKEHHS Ta MOPIBHSUIBHOTO aHAII3Y.

B3sipii MaroTh BUrIs OpoAYyKLii 13 psay HamiB(aOpuKkariB, a came KOMOIHOBaHUX
KOHCTPYKIIiN — MEOJIEBOTO IIUTA Ta CTOJSPHOI IUNIUTU JTUYKOBAHOI (haHEpOIO 3 po3Mipa-
mu 450x450 mMm (puc. 3, 4).

moaapnoi naumu ma MIL[ i3 BJK/]

Puc. 4. Buensao cmonapuoi nnumu iz BXK/]

CkueroBanHs perok 13 BXK/I 3a mupuHOIO y IMTH MPEACTABICHO HA PUC. 5.

Puc. 5. Ilpoyec cknereanna wjumis
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CTpyraHHs CKJICEHHX IIUTIB B pO3MIp 3a TOBIIUHOIO (pHC. 6).

Puc. 6. Bukonannsa onepauii cmpy2anHsa CK1€€HUX WUMIE 34 MOGUIUHOIO

OpneprkaHi MMUTOBI €IEMEHTHU 13 BXKUBAHOI IE€PEBUHU PI3HUX KOHCTPYKIIN TSI -
rajy BUIIpoOyBaHHIO Ha (POPMOCTINKICTb.
PesyabraTn BUnpoOyBaHHs muToBUX ejeMeHTIB i3 BIKJ/[ Ha dopmocriii-
KicTh. BIVIMB HIMPUHU peOK KOMOIHOBAHHMX CTOJSIDHUX IUIMT Ha (opmocTiii-
KicTh. Pe3ynbrati eKcrepuMeHTaIbHUX JTOCHIKEHb BIUIUBY IIUPUHU PEHOK KOMOIHO-

BaHUX CTOJSIPHUX IUTUT Ha (POPMOCTIHKICTh MPEICTaBICHO Y TabII. 2.

Tabnuns 2. Pesyabratu ekcnepumentaiabuux gociimkenb CII i3 BXK/[

‘B ) ) . CepenHe 3Ha4YCHHS B -1l BUOIPITI
é = PesynbraTy Vij MigHOCTI Ha cTatnyHui 3rul, Mlla L
2 V1] V2 Vs Vaj Vs 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

S) 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 iHTEpIIpeTallisi OTPUMAHOI PErpeciiHOl 3aJIeKHOCTI MpE/ICTaBiIeHa Ha

puc. 7.

®opmocrTinkictb CM i3 BXA S, mm

0,350

0,300

0,250

0,200

0,150

0,100

0,050

0,000

0,237

0,303

0,260
/ 0,270

0225

0,250

10,176

U200

0,203

— B Cc=20

——Bc=40

20

40

LLinpuHa pewnok Ba, mm

a— B Cc=60

60

Puc. 7. 3anexcnicme ycepeonenozo sioxunenun S (6i0 nnowmunnocmi) cmoasaproi

naumu 6i0 wiupunu peiixu 3 BK/] (0y6) B (x1)
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Sk BuHO 3 puc. 7, 30UnbIeHHs mupuHa perikn 3 BXJ (y6) CIT mpu3BoauTh 110
301IbIIEHHST BIAXUICHHS S. A TakoX, TEHICHINS OO 3aJI€KHOCTI BIUIUBY IIUPHHU
pPENKH 13 COCHU Ha BIAXWIICHHS CTOJIIPHOI IUIUTH B1J IUNIONIMHHOCTI € MPSMOIIHIMHOIO.

Bapto 3a3HaumnTH, 110 XapakTep BIUIMBY IIUPUHHU PEHOK HA yCEpEIHEHE BIIXHU-
JICHHS S € HEeNMHINHUM, X04a BHACIIJOK IIHOTO MOXHA 3 MIEBHOIO IMOBIPHICTIO TIPHITYC-
TUTH HAsBHICTh TEHACHIIIH PSIMOT IPOIOPIIiHHOCTI (pHC. 7).

OneprkaHe piBHSIHHSI perpecii B HOpMalli30BaHMX 3HAUYEHHSX 3MIHHHMX (haKTOpiB
MA€ BUTIISLL y= 0,225 + 0,035x; + 0,029x, + 0,01x,* + 0,006x,” - 0,002x1x>
ne: By— mmpuna petiku 3 BX/] (ny6) CIT; B¢ — mmpuna peiiku 3 BX/] (cocna) CII;

S — ycepenHeHe BiAXWICHHS BiJ] TUIONTMHHOCTI, TOOTO cTpina mporuny CIL.

BigxuimeHHsS BiJ ITIOIMIMHHOCTI 3a CTPUIOIO MPOTHHY JJIS CTYICHS TOYHOCTI 12
JUISL BCIX EKCIIEpUMEHTAJIbHUX 3pa3KiB, 3aJI0BOJBHAIOTH BUMOTH cTtangapty ['OCT
6449.3-82.

3a pe3ylbTaTaMy €KCIEPUMEHTY 3/1MCHEHO ONTHUMI3allil0 IUPUHU PEHOK 3a J0-
MOMOTOI0 TPAJIIEHTHOTO METOJY, BHACIIJIOK SIKOI BUSIBJICHO, IO MIHIMAJIbHE 3HAYEHHS
BIIXUICHHS Spin = 0,176 MM, B3sTe 32 aOCOIIOTHOIO BEIMYMHOIO MOXKHA OTpHMAaTH 3a-
¢ikcyBaBmm po3MipHi mapameTpu mmpunu peiiok CII i3 BXK(ay6): By = 20 mMM; mm-
puna peiiku 3 BXK]] (cocHa) B = 20 MM (puc. 8).

S, %
0,35
0,30
0,25
m 0,30-0,35
0,20 @ 0,25-0,30
W 0,20-0,25
0,15 ©0,15-0,20
00,10-0,15
010  m0,05-0,10
20 3 0,00-0,05

0,05

0,00

Be, MM 44
28 36

20 Ba, Mm
Puc. 8. 3anexcnicme ycepeonenozo sioxunenun S (6i0 nnowunnocmi) cmoasaproi
naumu 6i0 wupunu peiiku 3 BJK/[ (0y6 ma cocna)

BruiuB miMpyHU peiioKk KOMOIHOBAHUX Me0JIeBUX IIUTIB HA (POPMOCTIMKICTD.
Pe3ynbTaTi ekcnepuMEHTalbHUX TOCHIIKEHb BIUIMBY IIMPUHU PEHOK KOMOIHOBAHMX
MeOJIeBUX MTUTIB HA (POPMOCTIMKICTh TIPEACTABICHO y Ta0. 3.
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Tabauns 3. Pe3yabraTn ekcnnepuMeHTadbHUX aociimpkenb MIL i3 BXK/]

‘H , , 5 CepenHe 3Ha4€HHS B j-iif BUOIpIIi
é = Pesynbratn Vij MinHOCTI Ha cTaTi4Hui 3ruH, MIIa L
2 Vi V2 V3 V4 Vsi 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

OneprkaHe piBHSIHHSI perpecii B HOpMalli30BaHMX 3HAUYECHHSX 3MIHHHMX (haKTOpiB
MA€ BT y= 0,284 + 0,046x; + 0,039x, - 0,016x;° + 0,031x,* - 0,006x;x,
ne: By— mmpuna petiku 3 BX/] (ny06) CII; B¢ — mmpuna peiiku 3 BXX/] (cocna) CIT,
S — ycepenHeHe BiIXWICHHS BiJ] TUIOMTMHHOCTI, TOOTO cTpina mporuny CIL

['padiuna iHTEprpeTallisi OTPUMAHOI PErpeciiHOl 3aJIeKHOCTI MpEeJICTaBlIeHa Ha
puc. 9.

5 0:400
0,377

E ]
0,350 031 _— 0353
0
o1 0,312
X 0,300
o 0250 0276 0,284 0,297
= - —Bp=20
= 0,222
r 0,200 : BA=40
2 0,150 {2208 ——Bg=60
=
6 0,100
(o]
2
g 0,050
)

0,000

20 40 60
LnpuHa penok Bc, mm

Puc. 9. 3anexcnicme ycepeonenozo sioxunenun S (6i0 nnowunnocmi) cmoasaproi
naumu 6i0 wiupunu peiiku 3 BK/I (0y6) B (x1)

Sx BuaHO 3 puc. 9, 30inbiIeHHs mmpuHa periku 3 BXK/] (my0) MIL npu3BoauTh
70 30UTBIICHHS BIAXWICHHA S. A TaK0X, TEHEHI[S 100 3aJI€KHOCTI BIUIUBY ITUPUHU
peliku 13 cocHu Ha BiaxwieHHs: MII] Big miommHHOCTI € mpsMoiHiiHOW. BapTo 3a3Ha-
YUTH, 10 XapaKTep BIUIMBY IMMPUHU PEHOK HA YCEPEIHCHE BIIXWJICHHS S € HEJiHIN-
HHUM, X04a BHACIIJOK IIHOTO MOHa 3 IMMEBHOIO IMOBIPHICTIO IIPUITYCTUTH HASBHICThH Te-
HJCHIINA TIpsiMOi TipornopiiHocTi (puc. 7). BiAXuieHHS BiJ IUIONMIMHHOCTI 3a CTPLIOIO
MPOTUHY JJIS CTYNMEHS TOYHOCTI 12 nmist BCiX €KCIEpHMEHTATbHUX 3Pa3KiB, 3aJ0BOJIb-
Hs10Th BuMoru ctanaapty ['OCT 6449.3-82.
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3a pe3ysbTaTaMy €KCIEPUMEHTY 3/1MCHEHO ONTHUMI3allil0 IIMPUHU PEHOK 3a J0-
MIOMOTOI0 TPAJIIEHTHOTO METOJY, BHACIHIJIOK SIKO1 BUSIBJICHO, IO MIHIMAJIbHE 3HAYEHHS
BIIXWICHHS Spin = 0,208 MM, B3sTe 32 a0COIIOTHOIO BEIMYHMHOIO MOXKHA OTPHMAaTH 3a-
¢ikcyBaBmm po3MipHi mapameTpu mmpunu peiiok CII i3 BXK(ay6): By = 20 mMMm; mm-
puna peiiku 3 BXK] (cocHa) B¢c = 20 mm (puc. 10).

S, %
0,35
0,30
0,25
m 0,30-0,35
0,20 @ 0,25-0,30
W 0,20-0,25
0,15 00,15-0,20
00,10-0,15
010  m0,05-0,10
20 m0,00-0,05

Bc, MM 44
20 28 36
Ba, Mmm

Puc. 10. 3anexncnicmo ycepeonenozo sioxunennsn S (6i0 niowgunnocmi) mednie6ozo
wyuma 6i0 wuupunu peuxu 3 B)K/[ (0y6 ma cocna)

IHopiBHsabHui anaxi3 ¢gopmocTiiikocTi. B pe3ynbrari npoBeieHHS eKCepH-
MEHTY Oyiu oTpuMaHi AaHi popmocririkocti MII Ta CIT i3 BX]] (Tadm. 4, puc. 11).

Tadoanusa 4. Anagiz ¢popmocriiikocti MII i CII i3 BXK/I 1y peiiok pi3HOI IIUPUHH

Koncrpyxkuii kom06. muTiB i3 BXX]] Po3paxyHok Hopma % HOpMHU
CIT i3 BXK/I (20 mm) 0,176 0,3 59

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

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

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

CIT i3 BXK/1 (60 mm) 0,303 0,3 101

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

Sk BuaHo 3 rictorpamu puc. 11. Halikpamy GopMOCTIHKICTE Ma€e KOMOIHOBaHA
CTOJISIpHA TUINTA, IIUAT SKOI BUTOTOBJICHUN 3 peroK mupuHOO 20 MM, BIIXWICHHS Bif
IUIOIMMHHOCTI sik0oi cTaHoBHTh.0,178 mM. KombGinosani MII] 3 mupunoro periku 30 MM
MaroTh BiaxuwieHHs Bin mrommuHOCTI 0,208 MM. BigxmiieHHS Bia IUTOIIMHHOCTI KOMOI-
HoBauux CII 13 BXK/I npu mupuni peiiku 60 MM Oyio He 3HaunuM (1 %) , a qma MIL] i3
BXX]J1 mpu mmmpuHi peiiku 60 MM nepeBuiryBano Bxe Ha 26 %, mo OinbIne 3a HOpMaTH-
BHI (0,3 mm) 3rimno 'OCT 6449.3 "Jlonycku Ta mocanku. Jlomycku ¢GopMu Ta po3mi-
IICHHS MIOBEPXOHB' .
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0,400 + 0,377

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

§ 0,300 0,284
m
® 0,250 U,ZZD
o 0,20
S
5 0,200 -
a
]
'z 0,150 +—f
=
=
3
g 0,100 +—
Q.
8

0,050 +

0,000

Cniz BXO MLWisBXO ChisBXA MLWizBX0 CMisBXO ML i3 BXAO
(20 mm) (20 mm) (40 mm) (40 mm) (60 mm) (60 mm)
KOHCTPYKLji KOMGIHOBaHUX L UTOBUX ENEMEHTIB i3 Pi3HOO LLUMPVHOI PEeriok

Puc. 11. I'icmozpama ¢hopmocmiiikocmi KOMOIHOBAHUX WUMOBUX elEMEHNIE 0N
PEoK pi3HOT wiupunu
BucHOBKH Ta peKoMeHaaIii.

1. BcraHoBneHO, IO Ui BIOPSIKYBAaHHS BUKOPHCTaHHS JIICOBHX pecypciB YKpaiHM HEOOXiTHO
MPUCKOPUTH MPUUHATTS 3aKOHIB 1100 pecypco30epekeHHsI 1 BUKOPUCTAaHHS BTOPHUHHUX BiaxoniB. Lli
3aKOHH MOBHMHHI €()eKTUBHO HAIIUTIOBATH MIIMPUEMCTBA Ha €KOJIOTIUYHE Ta PaIllOHATIbHE CIIOKUBAHHS
pecypciB, a 3HaYUTh — HAa PO3pOOKY 1 3aCTOCYBAaHHS MaJIOBIIXOJHUX 1 0€3BIIXOAHUX TEXHOJIOTIH, pe-
cypcosbepiraro4oi i HaaiiHOT TexHiKU. ) IIbOro B 3aKOHAX HEOOXITHO MEpea0auynuTH 3aX0AH €KOHO-
MIYHOT BiIMOBIANIBHOCTI 32 HepalioHaJIbHE BUKOPUCTAHHS PECYpPCiB, a 3a 3HUILICHHS JUIOBHX BiIXO-
IiB — mrpadu.

2. O6rpynToBaHo, 1o BXXUBAHA JEPEBUHA € JOJAATKOBUM PECYPCOM, NPUIATHUM JUIL MaTepiaJbHOTO
BUKOPUCTAHHS, 30KpeMa Y BUPOOHUIITBI IIUTOBUX €JIEMEHTIB.

3. Hocmimxkeno, mo (GopMOCTIHKICTh CTONSPHUX IJIMT Ta MEOJEBUX IIMTIB MPU BUKOPUCTAHHS
peitok mupunaoro 20-40 MM , BiINOBiAa€ BUMOTaM CTaHAAPTY.

4. ®opmocriiikict koMmOiHOBaHuX CII 13 BXK/] € Bumor, HbK MeOIeBUX IIMUTIB 32 OJTHAKOBUX
KOHCTPYKIIi{{, 30KpeMa CKJIaJIaIbHUX €JIEeMEHTIB — PEHOK.

5. BcraHoBneHo, mo s 3a0e3rneueHHs] MANMPUEMCTB BKUBAHOIO JEPEBUHOIO, MOXKIHUBO, KpIM
3BHYANHUX [IATOBUX €JIEMEHTIB, BUTOTOBJIATH KOMOIHOBAHI.

6. PexoMeHI0BaHO /I MiBUIIEHHS (POPMOCTIHKOCTI IIUTOBUX CKJIaJaIbHUX OJUHHUIb BUKOPHUC-
TOBYBaTH PEMKH MaJHX MUPHUHOIO 10 40 MM.
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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.l. Yashcherit-
syn, E.N. 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 ensur-
ing 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 qual-
ity 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 pro-
ductivity, improve quality and increase the overall durability of knives.
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IliianeTapHuii a0pa3suBHUI IHCTPYMEHT /ISl 3aTOCTPEHHS AePeBOPi3aJIbHUX HOXKIB

Ha ocHoBI aHamni3y 1 OIIHKK aOpa3suBHUX KPYTIB Ui 3arOCTPEHHS JIePEBOPI3AIbHUX HOXKIB, 1110
BUKOPHUCTOBYIOTbCS Ha MIANPHEMCTBAX Trally3i, 3allpONOHOBaHAa HOBAa KOHCTPYKLiS aOpa3HMBHOIO
IHCTPYMEHTY 3 IUTAHETapHUM MpHUBOAOM. OOIPYHTOBAHO, 110 3aCTOCYBAHHS IIJIAHETAPHOTO TOPLIEBOTO
nuTipyBaHHs, JO3BOJISIE OJHOYACHO 3MIHUTH KIHEMAaTHKYy pyXy, pealli3yBaTu NepepBHE LUTi(yBaHHS,
10 3HAYHO MOKPAIIUTH SKICTh MIATOTOBIEHHS TOBCTUX HOXKIB 10 poOOTH.

KarouoBi cjoBa: HiX, aOpa3uBHMI IHCTPYMEHT, 3arOCTPEHHS, IUIAHETApHUI MPHUBOA, Tepe-
pBHE HUTIQyBaHHS.

J10 BIIOMA ABTOPIB CTATEM

Ilin 4yac miAroTOBKM CTaTeW IS MIDKBIZIOMYOTO HAayKOBO-TEXHIYHOT'O 301pHHKA
"JlicoBe rocnmoxapcTBo, JicoBa, naneposa i 1epeBooOpodHa MPOMUCJIOBICTD'' pagu-
MO aBTOpaM JOTPUMYBATUCh TAKUX PEKOMEH IAIIIM.

Texcr crarTti 06csiroMm 5-20 cTOpiHOK HEOOXIAHO TIO/IaBaTH aHTIIIMCHKOI MOBOIO,
ApyKyBaTH Ha marepi popmary A4 3a gonomororw komi'torepa y peaakropi MS Word
(mpudt — Times New Roman, po3mip — 14 points, psaku — gepe3 1.5 intepBanu, moss —
2 c¢M 10 TIepuMeTpy) 0e3 MPUCBOEHHS KOIHUX CTHIIIB 1 OOPMIIATH B TaKid MOCITIIOB-
Hocti. Ha mouatky ctarri OBOB'SI3KOBO npoctaBisieTbes iHaeke Y K, B 3aronoBky
BKa3yIOThCSI. BUCHE 3BaHHs, iHIIiamu 1 mpi3Buiie aBropa (abo aBTOPiB), HAYKOBHM CTY-
MHb, CKOPOUYCHA Ha3Ba 3aKjajy, B SKOMY BHUKOHaHa po0OOTa, Ha3Ba CTATTi, aHOTAIIis
(500 3HakiB) Ta kit04OBi cioBa. Jlami — yKpaiHCHKOK MOBOIO: IHIIIANIH 1 TIPi3BUIIE aB-
Topa (abo aBTOpPIB), CKOpOYCHA Ha3Ba 3aKjajay, B IKOMY BUKOHaHa poOOTa, Ha3Ba CTaT-
T1, aHOTALA Ta KJIFOYOBI CJIOBA.

Crarri 3nasatu goi. C.B. INaim, xopir. Ne2, Byi. 3amizasgka 11, 2 os., ka0. 22a;
TelL. poo. 238-45-04; Mm006. 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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