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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 17th 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 km2. 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 

Area Area Area Land-use categories 
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 years the coverage increased by 2,4 % as previously it was 
30,9 % (Table 1). In the 16th century lands in Lithuania unsuitable for agricultural activi-
ties had to be afforested. It is assumed that in the 16th 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-
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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 
Forest land area according to Forest assessment, 1,000 ha 
(SFI) 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. m3 (NFI) 453.4 489.8 501.3 
Mean growing stock volume, m3/ha (NFI) 226 237 240 
Total growing stock volume of mature stands, mill. m3 

(NFI) 109.9 123.9 129.1 

Mean growing stock volume of mature stands of III-IV 
groups, m3/ha (NFI) 301 307 310 

Gross annual increment, mill. m3 (NFI) 16.0 16.6 17.2 
Gross annual increment, m3/ha (NFI) 8.0 8.0 8.2 
Accumulation m3/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, m3 (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 1st  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 
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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 

Area Area Area Land-use category 
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 
forest land under convertion into other cate-
gories – – – – 275 0.0 

Seed orchards, nurseries 1839 2102 2043 
seedling nurseries 505 448 391 
seed orchards 704 829 785 
nurseries 630 

0.1 

826 

0.1 

867 

0.1 

Land for technological purposes  27676 33938 33810 
block lines 11860 12366 12587 
technological lines 667 1313 1508 
firebreak belts 469 468 493 
routes, forest roads 14680 

1.4 

19791 

1.6 

19222 

1.6 

Land for other purposes 5271 8772 8975 
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 

0.3 

467 

0.4 

425 

0.4 

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 1st 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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Fig. 3. Forest stands area by dominant tree species 01.01.2012 [6] 

 

According to NFI data, since 2002 total growing stock volume has increased from 
453.4 million 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 I (strict nature reserves): 26,300 ha (1.2 %); 
– Group II (ecosystem protection and recreational): 266,800 ha (12.3 %); 
– Group III (protective): 331,200 ha (15.2 %); 
– Group IV (exploitable): 1,548,600 ha (71.3 %) (Table 5) . 
The whole county is divided into 10 counties and 60 municipalities. The highest 

forest coverage was recorded in Alytus (49.1 %) and Vilnius (44.0 %) counties, while 
the least forested counties were Marijampole (21.7 %) and Klaipeda (26.4 %). The 
growing stock in Vilnius county (104.0 million 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 

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

Maturity groups Dominant tree species 
Young  stands Middle-aged Premature Mature 

Total 

Pine 100.0 
121 

390.8 
322 

52.2 
388 

47.6 
385 

590.5 
304 

Spruce 203.1 
83 

72.8 
277 

39.6 
312 

75.1 
354 

390.6 
209 

Birch 88.3 
38 

116.9 
177 

88.8 
287 

121.7 
291 

415.7 
199 

Aspen 23.2 
42 

6.6 
193 

4.7 
262 

38.4 
346 

72.9 
245 

Black alder 23.9 
34 

45.4 
216 

21.5 
275 

34.7 
337 

125.5 
219 

Grey alder 9.2 
29 

12.0 
80 

28.7 
152 

58.0 
193 

107.9 
157 

Oak 6.0 
63 

19.0 
251 

1.2 
- 

4.5 
329 

30.6 
220 

Ash 4.7 
68 

23.6 
205 

1.3 
231 

1.3 
284 

30.9 
194 

Other 2.0 
70 

3.5 
117 

1.5 
220 

3.0 
223 

10.1 
163 

Total 460.4 
73 

690.6 
267 

239.4 
288 

384.1 
310 

1774.6 
236 

Total 01.01.2003 407.9 
93 

665.9 
242 

312.3 
269 

308.5 
301 

1694.6 
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 m³ in 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 m³) 
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 m³ of pine, 651,000 m³ of birch, 433,000 m³ of aspen, 243,000 m³ of black al-
der, 41,700 m³ of ash, 47,000 m³ of alder, and only 11,900 m³ 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 m³ 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.  
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Secondly, the new management of Ukrainian forestry will not work unless several 
problems influencing the process are eliminated. Such problems are illegal logging, cor-
ruption, and old forest machines and equipment. As demonstration, Lithuania has elimi-
nated such problems a decade ago and it has positively influenced forestry situation in 
long term. Finally, if Ukraine finds a way how to benchmark successful strategies from 
Lithuania, makes right priorities, learns how to protect and market forests, and helps to 
improve their performance, the country has all chances to flourish because of prosper-
ous forestry industry in near future. 
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UDC 658.527.011.56                                     Assoc. prof. R.Ya. Orikhovskyy  – UNFU 
 

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:                                    K  = t /(t  + t )                                (1) 

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 

operations furniture production:        
1

1 !
1)(

k

i

i
tK

i
tKetptF ,          (2) 
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where: F (t) – distribution function of the time intervals; p{ <t} – the probability that 
the duration of the operation will be less than a certain value t;   – 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-2/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 

.1)(
2

2
22

t
t

tD
t

D
K
t

ttDD
t
t

tD
t

tt
tD ,   (4) 

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 

of availability factor:         
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Parameter Erlang  production interval is calculated using the ratio 
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Stability of technological operations is determined by the Erlang  cycle time 
and depends on the readiness coefficient  machines. Only perfect machine (  =1) pa-
rameter  remains at its value for the duration of the cycle . Parameter Stability  
cycle shows a strong influence on the reliability of machines allowed only in the range 
of  =1 to =2. This limits availability factor quite high ( =0.90-0.98).  

To ensure this reliability in terms of furniture production difficult. Further growth 
cycle stability parameter  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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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: Vynske energie technik NV (Belgium), Politechnik Biomass 
Energy (Czech Republic), “Hamech”, “Univeks” (Poland), “Krieger”, “Metallist” 
(Ukraine), which have high efficiency ( 90%). 

The main equipment for drying veneer are roller dryers. They have a number of 
significant advantages over other kind of equipment. Veneer  is shaped between the 
rollers, which prevents the veneer warping. During the movement of the veneer, the 
rollers further squeeze out of it some moisture without consumption of thermal energy. 
In a roller dryer, the thermal energy  is 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: 

 the drying plant is converted to energy-saving heat supply  – flue gases with a high calorific 
value of fuel; 

 the drying process in the drying plant is arranged  zonally –  for the first period of 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; 

 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 Wf. This division of the drying process 
allows to intensify heat-and-mass transfer processes. Due to this improvement of drying 
plants of flash type, it was possible to  obtain new results which differ significantly 
from domestic and foreign analogues, namely: 

 the drying plant uses energy-saving heat supply  – flue gases with a high calorific value of fuel; 
 the drying process in the dryer is divided into two 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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 solving the problems of kinetics of the drying process by experimental drying curves, the 
curves of drying rate and the variation of  temperature in the course of time made it possible to develop 
a methodology for determining the intensity of heat exchange and mass transfer, which gives suffi-
ciently accurate results for  practical use; 

 solving the system of equations of heat-and-mass transfer 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; 

 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; 

 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; 

 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; 

 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; 

 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; 

 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; 

 based  on  the  results  of  experimental  studies  on  rotary-cut  veneer  and  chipped  wood,  a  tech-
nique 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; 

 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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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 Voytovych 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: 
 modern furniture and other wood products are increasingly use parts curved shape; 
 there are some ways to manufacture parts curved shape; 
 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; 
 as a result – each method has different efficiency (cost) of production; 
 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  
number Content Works 

Variant I 
Sawing straight blanks, primary processing, adhesive gluing on the width on the smooth 

surfaces, technological exposure, sawing curved pieces (Fig. 1), the primary processing of 
workpieces. 

Variant II 
Sawing straight blanks, primary processing, milling finger joint, bonding pieces in length 
on finger jointin form piece, technological exposure, sawing curved pieces (Fig. 2), the 

primary processing of workpieces. 
Variant 

III 
Sawing straight blanks, blanks plasticizing, bending of solid wood, drying preparations, 

primary processing of workpieces. 
Variant 

IV 
Layout of veneer, cutting of veneer, applying adhesive, forming of glue package, pressing, 

cutting units, primary processing of the workpiece. 
 

 
 

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 

 Materials name U
ni

t 

Ontne work-
piece 

On the program 
for 100000 pcs 

Optimal pro-
gram 

1 2 3 4 5 6 

Variant I (cutting) 115000 
pcs 

1 Hardwood lumber thickness 40 
mm m3 0,00522 522 600,3 

2 Polyvinyl acetate glue kg 0,031 3100 3565 

Variant II (cutting) 110000 
pcs 

1 Hardwood lumber thickness 25 
mm m3 0,00484 484 532,4 

2 Polyvinyl acetate glue kg 0,009 900 990 

Variant III (bending of solid wood) 180000 
pcs 

1 Hardwood lumber thickness 25 
mm m3 0,00128 128 230,4 

Variant IV (bending while gluing) 270000 
pcs 

1 Hardwood slise veneer, 0,8 mm m2 0,104 10400 18720 
2 Rotary veneers from birch m3 0,00090 90 162 
3 Urea glue kg 0,046 4600 8280 
4 Glue thread kg 0,00012 12 21,6 
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Table 3. Summary list of production equipment 
 Variant  Variant  Variant  Variant V 

 Name of equip-
ment  Name of equip-

ment  Name of 
equipment  Name of equip-

ment  

1 Hand-operated 
crosscut off saw 1 Hand-operated 

crosscutoff saw 1 Hand-operated 
crosscutoff saw 1 Workplace for 

mark out 1 

2 Quartering saw, 
trimmer 1 Quartering saw, 

trimmer 1 Quartering saw, 
trimmer 1 Guillotine shears 1 

3 Hand jointer 1 Universal circular 
saw 3 Autoclave 1 Veneer composer 1 

4 Workplace for ap-
plying of glue 1 Molding machine 1 Bender, bending 

rig 1 Roller glue 
spreader 1 

5 Clamping machine 4 Workplace for ap-
plying of glue 1 Drying chamber 1 

Workplace for 
formation of pack-

ages 
1 

6 Hand jointer 1 Clamping machine 8 Handjointer 1 Press (40 pieces – 
4 daylight) 1 

7 Thicknesses ma-
chine 1 Handjointer 1 Thicknesser 

machine 1 Band mill (resaw) 1 

8 Workplace for 
marking 1 Thicknesser ma-

chine 1 Molding ma-
chine 2 Universalcircular-

saw 2 

9 Band mill (resaw) 1 Workplace for 
marking 1 Universalcircu-

larsaw 1 Handjointer 1 

10 Springle moulding 
machine 1 Band mill (resaw) 1   Thicknesser ma-

chine 1 

11 Universal circular 
saw 1 Molding machine      

 

Table 4. Calculating the number of workers 
Variantof process Number of workplace Number of workers, people 

 13 9 
 20 13 
 10 7 

V 11 6 
 

Table 5. Summary list of production area, m2 

 Assignment area VariantI VariantII VariantIII VariantIV 

1 Area occupied by facilities and 
workplaces 191,5 250,8 169,7 131,3 

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 Area (size) of shop 432 (12 36) 504 (12 42) 360 (12 30) 360 (12 30) 

 

Table 6. Summary list of the annual electricity needs, kWh 
Variant process Power electricity  Electricity for lighting and sanitary facili-

ties 
Total 

 42610,4 8259,0 50869,4 
 58431,2 9603,6 68034,8 
 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  Type of consumption    V 

1 Technological needs --- --- 631,2 300,8 
2 Heating and ventilation 153,9 183,3 122,0 124,6 
3 Domestic needs 6,8 9,8 5,3 4,5 
 Total: 160,7 193,1 758,5 429,9 

 

Table 8. List of water consumption 
Variant process Technology needs Domestic needs Against fire 

needs Total 

1 2 3  4 
 --- 146,3 23 169,3 
 --- 211,3 23 234,3 
 --- 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 m2 production area of shop; 
 depreciation deductions (passive of fixed assets – 7,76 % active part of fixed assets (equip-

ment) – 21,93 %); 
 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 

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

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

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

Project variantstechnology  Elements of cost 
   V 

1 Materials (net return of waste) 72,5 66,3 57,1 59,4 
2 Energy costs 1,5 2,1 6,8 6,1 

3 Wages of production workers with de-
ductions 8,7 13,3 14,5 13,3 

4 Depreciation and repair costs 3,8 4,6 7,2 7,8 
5 Other expenses 13,5 13,7 14,4 13,4 
 Total: 100,0 100,0 100,0 100,0 

 

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

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

These calculations indicate the 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 I Variant II Variant III Variant IV 

Production cost, $/pcs 3,32 3,27 0,99 0,61 
Productivity (removing products from 1 m2 

of production area) pcs/m2 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). 

 

 
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 III and IV. In terms 
of appearance and workmanship bending curved pieces of massive wood (variant III) 
has clear advantages on all levels. 
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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 ( ) have better indexes of strength [13, 
14], due to glueing of the core strips by edge to edge. Here the core strips form a solid  
basis, and in combination with facing  – a rugged structure. Warping of such panels is 
higher than that  of  panels   NR (HP).This is  due to the mutual  deformation of  the core 
strips, glued to form a blockboard. The warpage rate depends on the relative position of 
the annual rings in adjacent strips, the slope of grain, the presence of defects, etc. 

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

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

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

 

 
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 ( ). 

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/m2. 

The fabricated specimens of blockboard were 450×450 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]. 

 

 
)   

      
b)                                                                   c) 

Fig. 2. Warpage change in time for different types of  blockboard:  
a – for blockboard of type NR(HP) , b – for blockboard of type SR ( ),  
c – for a blockboard in which the core strips are fastened with brackets  

 

Conclusions: 
1. As shown by the experiments, fastening the core strips with steel brackets has a positive impact 

on the properties of the blockboard. In particular, the core  will be sufficiently rigid and does not re-
quire transversal clamping when pressing. 

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

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

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

 
The expediency of using post-consumer wood ( PCW) for material production is substantiated. 

It is proposed to process PCW into blockboards (BB). Proposed are new designs of PCW-made block-
boards which are suitable for manufacturing furniture fronts. It was experimentally confirmed that the 
physical and mechanical properties of front PCW-made blockboards meet the requirements of 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 life».  

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; 
  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: 

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

 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: 
 the thickness of the PCW-made blockboard is 19 mm, which complies with the 

standard GOST 13715-78 [21]; 
 the width of the core strips is from 20 to 40 mm, which complies with the stan-

dard GOST 13715-78; 
 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); 
 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: 

 methods of manufacturing front PCW-made blockboards; 
 methods for determining the shape stability of PCW-made blockboards; 
 methods for determining physical and mechanical characteristics of PCW-made 

blockboards. 
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Fig. 2. PCW-made blockboards structures faced with WFB 4 mm thick 
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Fig. 3. PCW-made blockboards structures faced with WFB 5 mm thick 
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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 (HWFB) 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 oC; 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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ble. 1. Planning matrix for -plan with two variables 
Input factors values in the experiment 

in natural value in coded value Experiment 
No. 

PCW, mm HWFB, 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: 

 preparation of the core strips made from PCW; 
 cutting of panel woodfiberboard components of blockboards; 
 manufacturing the core; 
 manufacturing the PCW-made blockboard. 

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

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

Obtaining of blockboard core involves selection of strips according to the strip 
width, annual rings angle, applying glue to the strips edges with the glue spread of 200-
250 g/m2, clamp bonding (operation parameters: temperature – 85-90 oC; soaking time – 
30-40 min; pressure – 0.5-1.0 MPa), technological conditioning (humidity – 60±5 %; 
temperature – 20±2 oC) for 8-12 hours; double-side milling up to 11, 9, 7 mm respec-
tively for WFB with a thickness of 4.0; 5.0; 6.0 mm; dimension cutting into a size of 
480×480 mm. 

The final stage of blockboard manufacturing comprises the following steps: ap-
plication of glue to the blockboard core with glue spread of 150-200 g/m2, the formation 
of package, facing in a flat press (operation parameters: temperature – 115-120 oC; press 
time – 4-6 min; pressure – 1.2-1.3 MPa) technological conditioning (humidity – 60±5%; 
temperature – 20±2oC) for 4-8 hours; cutting on the perimeter into dimension of 
440×440 mm. 

Methods for determining shape stability of front PCW-made blockboards. 
According to the requirements of the standard GOST 13715-78, warpage of the 

blockboard can be no more than 1.5-2.5 mm, and rippling – 0.2-0.6 mm 
The rippling of boards is determined by the maximum depth of the wave on the 

surface of the board which is measured with an error of no more than 0.05 mm by indi-
cator of the type ICH-10 ( -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 



 38 

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

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

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

     
 

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

 

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

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

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

on the plane of the blockboard  
 

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

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

Test specimens for determination of static bending strength across strips were 
made according to GOS  9625-2013 [24], which refers to GOS  13715-78 [21]. 
Specimens selection, their quantity, making and preparing for testing was done accord-
ing to GOS  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 l1=15h=15·19=285 mm. When 
testing the specimens whose length l1=15h, the spacing between supports l is taken 
equal to l=12h=12·19=228 mm (Fig. 7). 

Test specimens for determination of shearing dry strength along glue line were 
made according to GOS  9624-93 [23]. Selection of models of their manufacturing, 
their fabrication and preparing for testing is done according to GOS  9620-94 [22]. The 
shape and dimensions of test specimens for determination of shearing strength along 
glue line should correspond to the 85×40×19 mm dimensions with the kerf of 5 mm 
(Fig. 7). 

 

 
 

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

 

To suit GOS  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 U -05 (GOS  7855-61) (Fig. 8)was used 
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while the test machine PM-05 (GOS  28840-90) was used to determine shearing 
strength. 
 

 
 

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

 

Static bending strength ( u) in MPa was calculated by the formula:  
u=3Pmaxl/(2bh2)                                                    (1) 

The srtength along glue line  is determined in MPa by rounding the result to 0.05 
MPa by the  

=Pmax/(b l ) ,                                                   (2) 
where: Pmax – maximum load, H; l – 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 Xi min the highest Xi man and the mean Xi 0 . At nor-
malized values, these levels are denoted respectively -L, +L, 0. 

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

 
i

k

i
iiiiii xxbxbxbby

1 1,1

2
0 ,                              (3) 

where: bo – free term; bi – linear regression coefficients, i=L,k; bii – quadratic regression 
coefficients; biu – 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 – HWFB (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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=0.137+0.016 1-0.072 2+0.006 1
2+0.023 2

2-0.003 1 2,              (4) 
While in natural values of variables it can be written as: 

S = 1.033 + 0.0005BPCW – 0.293HWFB + 0.00006BPCW
 2 + 0.023HWFB

2  
– 0.0003BPCW HWFB              (5) 

where: BPCW is the width of PCW-made (solid wood) strip of blockboard, in mm; HWFB 
is the thickness of face decks made from WFB, in mm; S is the averaged deviation from 
flatness, that is the sag of blockboard, in mm. 
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Fig. 9. Dependence of the averaged deviation S from flatness of the blockboards on 
the 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). 

 

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

Input variables, mm Objective (response) function, mm 

natural values flatness tolerance for block-
boards size 440×440  No. 

PCW HWFB degree of accuracy 12 
experimental value Yexp 

calculated value 
Ycalc 

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 Smin = 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:  PCW = 20 mm; 
thickness of face decks made from WFB – HWFB = 6 mm (Fig. 11). 
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Fig. 10. Dependence of the averaged deviation S from flatness of the blockboards on 
the thickness of face decks made from WFB – HWFB (x2) 
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Fig.  11. Dependence of the averaged deviation S from flatness of the blockboards on 
the width of PCW-made and thickness of face decks made from WFB. 

 



 43 

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: 

=22.978–1.73 1–3.658 2+0.004 1
2+1.008 2

2+0.017 1 2,             (6) 
When analysing the regression equation, we can see that the factor x2, certainly, 

has the most influence on the output value of the function while factor’s x1 influence is 
significantly less. Besides, output values to decrease up with an increase in x1 and x2 
values. In order to determine equation coefficients in natural expression letus make use 
of factors coding formulas which we insert into the coded equation. 

u = 84,044 – 0,26 PCW – 13,8 WFB + 0,00004 PCW
2 + 1,008 WFB

2 – 0,0017 PCW WFB  (7) 
The static-bending strength across strips u 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). 

 

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

Input variables, mm Objective (response) function, mm 

natural values static-bending strength across 
strips u, MPa No. 

PCW HWFB blockboards 19 mm thick 
experimental value Yexp 

calculated value 
Ycalc 

1 20 4 20 29.048 29.395 
2 40 4 20 25.926 25.901 
3 20 6 20 22.020 22.046 
4 40 6 20 18.966 18.619 
5 20 5 20 25.084 24.712 
6 40 5 20 20.880 21.252 
7 30 4 20 27.966 27.644 
8 30 6 20 20.006 20.328 
9 30 5 20 22.755 22.978 

 

Graphical representation of the obtained regression curves is shown in Fig. 12 and 
Fig. 13. 
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Fig. 12. Dependence of the static-bending strength across strips u 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 u. The dependence of the 
blockboard’s sag on the thickness of face decks made from WFB is similar (Fig. 13). 
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Fig. 13. Dependence of the static-bending strength across strips u of the facades 
blockboards on the thickness of face decks made from WFB – WFB (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 u = 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: PCW = 20 mm; thickness of face decks made from WFB HWFB = 4 
mm (Fig. 14).  
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Fig. 14. Dependence of the static-bending strength across strips u  
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: 

=1.469+0.12 1–0.08 2–0.007 1
2–0.139 2

2+0.0005 1 2,             (8) 
In order to determine equation coefficients in natural expression letus make use of 

factors coding formulas which we insert into the coded equation. 
 = 1,116 + 0,05375 PCW + 1,3085 WFB – 0,00007 PCW

 2 – 0,139 WFB
2 – 

0,00005 PCW WFB    (9) 
When analysing the regression equation, we can see that the factor WFB, certainly, 

has the most influence on the output value of the function while factor’s PCW influ-
ence is significantly less. Besides, output values grow up with an increase in PCW val-
ues, output values teng to decrease as factor’s WFB 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  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  of the facades 
blockboards on the thickness of face decks made from WFB – WFB (x2) 
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The shearing  dry  strength  along  the  glue  line   of front PCW-made block-
boards  19  mm thick  for  all  the  experimental  specimens  meets  the  requirements  of  the  
GOST 13715-78 (Table 4). 

 

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

Input variables, mm Objective (response) function, mm 
natural values shearing dry strength , MPa No. 

PCW HWFB blockboards 19 mm thick 
experimental value 

Yexp 
calculated value 

Ycalc 
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  = 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: PCW = 40 mm; thickness of face decks made from WFB HWFB 
= 5 mm (Fig. 17).  
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Fig. 17. Dependence of the shearing dry strength along the glue line   
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: PCW = 20 mm; WFB = 6 mm – shape 
stability will be 0.082 mm; PCW =  20  mm;  WFB = 4 mm – static-bending strength 
across strips – 29.395 MPa; PCW = 40 mm; WFB = 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 45o. 

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: 

 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 45o; 
 facing – woodfiberboard 5-6 mm thick; 
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 glue spread for the core – 200-250 g/m2; glue spread for a blockboard – 150-200 
g/m2; 

 clamp temperature for the core –85-90 °C; press temperature for the BB – 115-
125 °C; 

 press time for the core – 30-40 min; press time for the blockboards – 4-6 min; 
 pressure for the core – 0.5-1.0 MPa; pressure for the blockboards – 1.2-1.3 MPa. 
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THE POSSIBILITY OF POLYMERIZATION OF THE ACRYLIC PVMOF 
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. 

 Long lifetime of LEDs (over 10,000 hours). 
 Extremely low energy consumption (5-6 kW - the source of the installation radiation). Special-

ists from the Bürkles 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 CO2 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]. 

 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. 

 Deep curingis provided even for pigmented coatings. 
 LEDs are suitable for solidifying coatings on all types of wood and other heat-sensitive materials. 
 LEDs show the slight decrease of radiative ability during their lifetime. 
 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 Bürklescompany, 
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.l.) 

Composition A Composition B Composition  

Indicators Acrylic lacquer 
UV-curing for roll-

ing with rollers 

Water soluble acrylic lacquer 
UV-curing for spray applica-

tion 

White acrylic enamel 
UV-curing for roller 

rollers 
Volatile matter con-

tent,% 99±1 32 ± 2 99 ± 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/m2 4-8 80-110 10 –15 

Drying 
UV-lamp of high 

power (360nm 80-
120W/cm) 

20  - hot air for 30-35  High 
Power UV Lamps (360nm, 80-

120 W/cm)  

-4  'High Power UV 
Lamps gal-

lium/mercury 80-
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 50 80 mm 
Moving speed of the carriage (variable) 2.5 m/min - 10.0 m/min 

Maximum stabilized power supply of LEDs  
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: 

 the carriage, moving reciprocally, on which the test sample is installed; 
 replaceable illuminator with UV light-emitting diode; 
 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°  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 

Hardness of coatings, conventional units Types of paint and 
varnish materials of 

photochemical curing 
photopolymerization under a UV 

lamp with LEDs EDEV-1LA1 
photopolymerization under a high pres-

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-1LA1 (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: 

 viscous state with viscosity varying during heating; 
 formation of molecular and supramolecular structure, the transition of reinforced matrix to 

highly elastic condition; 
 temperature field lowering to T-vitrifaction, slowing down of elastic properties; 
 transition to the glassy condition with vigorous increase in relaxation time due to the 

supramolecular structuring; 
 cooling down to the ultimate temperature subject to change of relaxation properties. 

To solve the problems related to determination of the process stress fields and 
strains for each stage, the corresponding physical ratios for temperature and humidity, 
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 kinetics is reduced to the following system 
of equations: 
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where: ),,( iii UTC  means heat; ),,( iii UT  means density; 12r  means vaporization 
heat; ij  means thermodynamic factor;  means the phase transition criterion; i  means 
the structural transformation value. 

Note that for anisotropic bodies, the diffusion mija  and thermal conductivity ij  ra-
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 kE (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 
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molecules in the state of an unstable equilibrium ( 0,0 2UU ). A kinetic equation 
for the process in general can be written as follows  

3
12 .),(),( jjii

i

iii Tttt
dt
dT

KT
E

dt
d      (2)    

where:  5,3,1i ;  4,2j ;  0)( it ,  0it ;  1)( it , 0it   
).()(),( 11 iiii tttttt  

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 i  may describe the thermo-
dynamic probability of the condition. From the kinetic theory, we obtain  

2RT
U

dT
d iii         (3) 

where R is the gas constant, and iU  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.  

)( 22
2 k

dt
d        (4) 

22 Tak=k  means an effective reaction rate constant; k means a reaction rate constant; 
RT/exp 22 E=aT  means a thermal displacement coefficient; 22  means a depend-

ence of the chemical reaction rate: 2
22 1=  means a polycondensation, and 

22 1= 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  

       )( 4444
4

4
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dt
d        (5) 

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 21 k,k factors. In general, the mechanical load 
with 0P  intensity on the surface tC ,  which occurs,  for  example,  during movement,  is  

described by the function   
C

dCPtVtf 0
1 )()(  

A closed-circuit system of mechanics equations looks as follows. 
 WCM equilibrium equation  

)()( 0tttfdivdiv MMMaa ;     (6) 
where a and m indices belong to the reinforced particles and the polymer matrix, 

respectively; and  is the delta function. 
 equation of solving the velocity fields of the viscous-flow matrix with the field 

pressure P therein  
gradPkVH 2        (7) 
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 equation of continuity in a strained viscoelastic medium 

0)( gradPkdiv
dt
d

MMMMM      (8) 

 physical ratios for reinforced particles and a polymer matrix  
).();();( aaMMMMM FFPI     (9) 

where M  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  

,0)1(1 1

dt
d

dt
d y

y      (10) 

where kk=y  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 

dt
dU

dt
dTbt

dt
d

dt
dat

dt
d k

ij
k
ijmn

k
ijmnkij

k
ymnk

ijmnk
ij )())(1(  (11) 

where a ijmn
k  means the stiffness tensor components; kbijmn – means the viscosity tensor 

components; and kk b,a ijik  means the temperature and humidity expansion tensor compo-
nents. 

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

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 = An • sin (n •  • t + n),                                   (1) 
where: S – instantaneous value of the deviation of the saw from the middle position due 
to the face runout;  – 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) 
 

Consequently, voltage of this sensor with high accuracy characterizes the rate of 
change in the magnitude of the nonmagnetic gap dS / dt: 

U = k • dS / dt = k •  • An • n • sin (n •  • t + n),                    (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 

Fig. 2. Signal of the induction sensor from the face runout of the saw 
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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. 

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). 

Frequency, Hz 

Level, dB 

Fig. 3. The spectrum of  induction sensor signal 
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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 S = S2-S1 are 
performed for its conducting after the sensor is installed. The value of S 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 = (Urs1- Urs2) / S                                           (4), 
where:  – sensitivity of the sensor; Urs1 and Urs2  the sensor signal in the initial and 
shifted position; S change in the magnitude of the non-magnetic gap. 

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. 

Voltage, V 

Time,ms 
 

Fig. 4. Filtered signal of the induction sensor 
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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: 

 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, 

 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; 

 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; 

 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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development, outline ways of interaction of highereducation institution and industry enterprises, 
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integration processes and challenges of modern society. 
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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. 
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ORBITAL GRINDING TOOL FOR SHARPENING WOODCUTTING KNIVES 
 
On the ground of analysis and evaluation of grinding wheels for sharpening industry-used 

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

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

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

Viewing the technology development as a science, one should note that in recent 
years it has won one of the key roles. One of such key roles in the technological science 
of materials processing by cutting is reserved by the technological processes of grinding 
wheel sharpening and whetting of woodcutting tools. Such wheels ensure high accuracy 
of shapes and sizes, low roughness of the work surfaces, ensuring their durability, and 
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thus the quality of the tool. The complexity of grinding process and its associated phe-
nomena brings a need for in-depth theoretical and exploratory study of the physical na-
ture of the phenomena occurring during the grind processing (sharpening) of the wood-
cutting tool. The essential academic work of the well-known scientists, P.I. 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.  

 

 
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 

 

The main advantages of the proposed tool design are as follows: 
 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; 

Parameters Value 
1. Outside wheel diameter, mm 
2. Wheel height, mm 
3. Number of grinding cups, n 
4. TTX of grinding cups: type  
abrasive grain 
bond 
hardness 
5. Cup sizes, mm : diameter / height 
6. Cup drive type 
7. Wheel weight, kg 

250 
50 
8 

11, 6 
synthetic corundum, silicon carbide 

ceramic, retinoid 
K 

50 / 25 
orbital 

5.0 
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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. 

 

 
a) 

 
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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