Wood-based materials produced manufactured with adding more than 30% of the
filler material from rape raw of coarse fraction are characterized by a high aesthetic
quality and low surface roughness and can be used as faced wall panels without addi-
tional mechanical conversion.

Conclusions. Thus, proving rape waste into the manufacture of wood composites
allows to expand the raw resources and to reduce the cost of materials and consequently

save valuable wood raw material, that is extremely important for rarely forestry regions
of Ukraine.
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BuroroBjieHHsI 1epeBUHHUAX KOMIIO3UTIB 3 BUKOPUCTAHHSAM BIIXOAIB pinaky

[TpoananizoBaHO KOMIOHEHTHUH CKJIaj, OyJIOBY POCIMHHOI CHPOBUHHU BUTOTOBJICHOI 13 cTeOel
piMaKky 3 TOYKH 30py MEPCIEKTUBHOCTI IX BUKOPUCTAHHS Y BUPOOHUIITBI CTPYKKOBHUX TUTUT Ta 1HIINX
KOMITO3UIIIHHUX MaTepianiB. HaBeeHO OCHOBHI TEXHOJIOTIYHI aCleKTH BUTOTOBJICHHS JI€PEBUHHHUX
KOMITO3HTIB 3 BUKOPHCTAHHIM PIMaKOBOI CHPOBHHHM Ta JIESAK] X (Pi3MKO-MEXaHIuHI MOKa3HUKH.

KirouoBi ciioBa: nepeBHHHI KOMIO3UIIIHI MaTepianu, CTPYKKOBI IUTUTH, POCIHMHHA CHPOBH-
Ha, (I3UKO-MEXaHIYHI BIaCTHBOCTI, cTe0JIa piMmaKy.
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INFLUENCE OF THE STRUCTURAL ELEMENTS’ PLACEMENT
OF THE FURNITURE BOARDS ON THEIR SHAPE STABILITY

Furniture boards made from wooden wastes have a number of the significant economic and en-
vironmental benefits in relation to their use in furniture and woodworking industries in comparison to
the usual furniture boards made from wooden timber which are connecting into furniture boards in size
of length using finger ironings and in size to the width — using adhesive on the smooth puffer. One of
the possible disadvantages of the furniture boards made from structural elements of small size is a de-
viation from flatness that sometimes exceeds the permissible value. Comparison of deviation from
flatness of furniture boards with directions along and across the fibers for two different schemes for
placement of structural elements — parallel and perpendicular was done. Conclusion about better shape
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stability for the furniture boards, in which there is perpendicular scheme of the structural elements’ lo-
cation, was suggested.

Keywords: furniture boards made from wooden wastes, deviation from flatness, parallel and
perpendicular schemes of structural elements placement.

Rationale. The author of this researches has suggested the design and manufac-
turing process of furniture boards made from wood waste accumulated during wood-
working [1, 2, 3]. Previous studies have also found [3] that the change in the linear di-
mensions of the structural elements of furniture board has a significant impact on the
deviation from flatness of such board. It is likely that the structural placement of the
wooden items in the furniture boards made from wood waste will make the impact on
the shape stability of furniture boards [4-7].

Therefore, the objectives of the research presented in this paper are the following.

e Comparison of the absolute values of deviations from flatness defined in direction A and direc-

tion B for experimental samples of the furniture boards produced by parallel and perpendicular
schemes.

e Comparison of the occasional deviations from flatness defined in direction A and direction B
for experimental samples of the furniture boards produced by parallel and perpendicular schemes by
testing statistical hypotheses about the homogeneity of variances and homogeneity of the medium val-
ues and establish the presence of correlation relations between them.

e Making conclusion in regard to shape stability of the furniture boards produced by parallel and
perpendicular schemes.

Methodology of the researching. During the researching, according to the tech-
nology [3] furniture boards with various schemes of the structural elements placing
were produced with respect to the direction of the fibers (Fig. 1 and Fig. 2).
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Fig. 1. General view of the furniture Fig. 2.General view of the furniture

board sample Nel with parallel scheme of board sample Ne2 with perpendicular
structural elements placement scheme of structural elements placement

(dimensions of structural elements: L = 40 mm B = 40 mm)

In order to implement experimental studies it was made three samples of two siz-
es of experimental models of furniture boards produced from solid wood waste of alder
(Fig. 1 and Fig. 2) using size 300 x 300 mm. Deviation from flatness measurement was
carried out using a numerical indicator ICHTS (3)-25-0,01 (measurement accuracy —
0.001 mm). These data were read by the software produced by the Microtech
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(Ukraine)company type UYS-P1-COM and transferred to Microsoft Excel environment
for recording and processing. Measurements were removed from the experimental sam-
ple furniture boards in two directions (along the fiber direction — direction A, across the
fibers direction — direction B). In each of the directions of furniture board measurements
were carried out in 6-th conditional lines. As a result, measurements on each line it was
recorded from 300 to 360 points. Thus the results of one measurement it received sam-
ple of volume from 1800 to 2160 (6 x (300 ... 360)). The experimental deviation from
flatness estimated using a mean value of the sample.

Experimental values of the output value (table 1) were obtained as the difference
between the mean values of samples obtained for the first and last measurement (in ab-
solute value),moreover the first measurement was carried out after approximately two
weeks from the date of the experimental sample furniture board manufacturing and the
last measurement was determined by invariance of the deflection (deflection measure-
ment is not continued if the value of the last boom deflection measurement differs from
the previous one by no more than 5%). It was conducted four series of measurements in
the experiment and deflection value is defined as the difference between the first and
fourth experiments. During the researching also tested the statistical hypothesis about
dispersion homogeneity and sample averages homogeneity for two samples — a devia-
tion from flatness that was defined in the direction along the fibers (sample 1) and
across the fibers (sample 2). The samples were obtained by averaging of the results for
each of the six conventional lines for each of the direction of furniture boards with par-
allel and perpendicular arrangement scheme of structural elements. Testing of the statis-
tical hypotheses about the homogeneity of two dispersions was performed in that order.

1. For two samples with volumes N; and Nait was calculated their dispersion S;
and Szz (N1 = Nz = 355)

2. The calculated value of the Fisher criterion was calculated as the ratio of more
dispersion to less one:

2
F = Sl if S1>> S,2. (1)

cal 29
2

3. The tabulated values of the Fisher criterion Fi. was selected using distribution
tables with Fisher for the selected significance level q and the number of freedom de-
grees f; and f5.

4. It was compared values of the calculated and tabulated criteria. If
Fea<Fubi ,then the sample dispersionsS,? and S,* were considered as homogeneous and
otherwise — it was believed that the difference between them was significant.

Testing of the statistical hypotheses about the homogeneity of average values was
performed as follows.

1. It was calculated mean values *1and”2for two samples and their dispersion
2 2
S1 andSz .
2. It was calculated the estimated value of Student's criteria:
V=),

Leu > >
s, s
N, N,

)
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3. It was selected value of the tabulated criteria ti,, from Student’s distribution ta-
bles using the accepted significance level q and the number of the freedom degrees
=N;+N,-2.

4. It was compared values of the calculated and the tabulated criteria. If
tear<twni , the hypothesis of homogeneity of the medium was assumed. Otherwise —it was
concluded there is a significant difference between the averages of two samples.

Also it was established the presence of correlation between the magnitude of the
deviation from flatness defined in two directions: along and across the fibers using cor-
relation coefficient. Selective correlation coefficient r was calculated from the expres-

sion (3) after calculating the average values 1(y;=S)) and 2 (y,=Sp), their dispersion S;?
and S,? and standard deviation S; and S,.

50,70, 5 .
WSS,

For the determination of correlation relation absence it was calculated value of
the calculated Student criteria:

b = I )
- r
The calculated value t., was compared with the tabulated value of the Student's
criteria twb, Which was chosen due to significance level q and the number of the free-
dom degrees of f = N- 2. If t.a<twpni, the hypothesis about absence of the correlation be-
tween two random variables was assumed. If t.,>twb, it was considered that a sample
correlation coefficient is significantly different from zero or in other words, there is a
linear statistical relationship between two random variables.
Researching results. Researching results for samples of furniture boards with
parallel and perpendicular placement schemes are presented in Fig. 3 and Fig. 4.

0,400

0,500

0,350

0,400

0,300

0,300

e
N
&
S

o

1N

=]

=3
I

Deviation S, mm
o
N
8

Deviaton S, mm

0,150

(=}
=
S}
=}

0,000

0,100

1 45 89 133 177 221 265 309 353

-0,100 0,050

—e—Direction A Direction B

0,200 —o—Direction A Direction B 0,000

Fig. 3. Value of the deflection (deviation S) for the Fig. 4. Value of the deflection (deviation S)

experimental sample number 1 (the length of the for the experimental sample number 2 (the

structural element L = 40 mm, width of the structur- length of the structural element L = 40 mm,

al element B = 40 mm, placement scheme of the width of the structural element B = 40 mm;,
structural elements — parallel in such directions: placement scheme of the structural elements —

along (direction A) and across (direction B) fibers)  perpendicular in such directions: along (direc-
tion A) and across (direction B) fibers)
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The results of the statistical test of the hypothesis of homogeneity of the medium
of two random variables (deviation from flatness defined in direction A and direction
B), which received two aggregate sample which are presented in Table 1.

Table 1. Results of testing of the hypothesis of homogeneity of average of two sam-
ples (Si deviation in the longitudinal and transverse directions Sp)

No of | Dimensions | Average value of the | The relative Testing of the hypotheses about the
the ex- of the deviation from flat- | difference be- | homogeneity of the means for two
peri- structural ness S, mm tween the samples (Sideviation in the longitu-
mental | elements of | in the di- | in the di- | values of the dinal and transverse directions Sp)
sample | thefurni- | rection | rection | deviationsin | calculated and tabulat- | conclusion
of the | tureboard | along fi- | across fi- | the direction ed value of Student | about hom-
furniture | L, B, | bers (dir. | bers (dir. | A and Direc- criteria age of two
board | mm | mm A), Si B), Sp tion B, % t cal tiabl means
1 40 | 40 | 0144 | 0373 160 65,5 1,96 bdlfference
etween the
2 40 | 40 | 0,261 0,230 12 12,03 1,96 | 2cragesis
significant

As it is shown in the Table 1, in two cases, for various schemes of the structural ele-
ments placing the calculated value of Student criterion is more than the tabular value of this
criterion and therefore we concluded that the differences between the means of the random de-
viations from flatness in the directions along and across the fibers is significant and these aver-
age values cannot be considered as homogeneous. It should also be noted that the relative dif-
ference between the deviations in the directions A and B for furniture boards of the perpendic-
ular placement (sample number 2, Fig. 2) is substantially less than the same difference for fur-
niture boards of the perpendicular placement(sample number 1, Fig. 1.) — 12 and 160%, re-
spectively. The results of the statistical test of the hypothesis of homogeneity of the dispersions
(Table 2) showed that the difference between the sample means of two random variables de-
viations from flatness in different directions is significant for both: for furniture board with
parallel arrangement scheme of structural elements and for furniture board with a perpendicu-
lar arrangement scheme of these elements.

Table 2. Results of testing in regard to the hypothesis of homogeneity of variances
of the two samples (S; deviation in the longitudinal and transverse directions Sp)

Dimensions of | The average value of the | Tegting hypotheses about the homogenei-
Neofthe | the structural el- | dispersion for deviation |ty of the dispersions for the two samples

experi- ements of the from flatness (deviation in the longitudinal and trans-
mental furniture board in the di- in the di- verse directions)
sample of rection rection calculated and tab- .
the furni- along fibers | across fi- | ylated values of the | cOnclusion about
ture board | L, mm | B,mm | (djr A),S;, | bers (dir. Fisher criteria the homogeneity of
mm B), Sb, mm F o F oty the two dispersions
1 40 40 0,0021 0,0022 1,06 1,00 heterogeneous
40 40 0,0023 0,00005 51,1 1,00 heterogeneous

It should be noted that the relative difference between the average values of the devia-
tions from flatness in different directions in the case of parallel placement makes up 160 %,
while a similar difference for perpendicular arrangements of the structural elements makes up
only 12 % (Table 1). However, as a result, we concluded that the two samples (for deviation S;
and for deviation Sp) are not the members of the sane total population and the difference be-
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tween two sample means and sample dispersions cannot be explained by random errors. Obvi-
ously, the above described difference is related to the influence of certain non-random factors.
Therefore it is logical to assume that the deviation from flatness in the direction along the fi-
bers and the deviation from flatness in the direction across the fibers for furniture boards with
different placement schemes — these are two different random variables, characterized by dif-
ferent nature and causes. As shown in Table 3, for the pilot sample furniture board with paral-
lel in regard to the direction of fiber placement of structural elements (sample number 1) be-
tween two random variables (deviation from flatness toward the direction A and B) there is a
statistical relationship, namely by changing a random variable it will change the distribution of
the other one. Also for the experimental sample is likely to assume the presence of a direct line
of communication, as the sample correlation coefficient value is positive (Table 3).

Table.3. Results of testing of the hypothesis about the presence of the statistical
(correlation) connection between two random variables
(S1 deviation in the longitudinal and transverse directions Sp)

Dimensions of ) Testing hypotheses about the correlation
Ne of the Value of the selective &P N
. the structural el- . . connection for the two values (deviation in
experi- correlation coefficient o1 L
ements of the the longitudinal and transverse directions)
mental . r for two random val-
furniture board C calculated and tabu- ..
sample of ues: Sideviation in the Decision about a
. o lated value of Student .
the furni- longitudinal and trans- . statistical (correla-
L,mm | B, mm o criteria . .
ture board verse directions Sp . . tion) connection
cal tabl
1 40 40 0,94 53,2 1,96 there is linear statis-
40 40 -0,11 2,05 1,96 tical connection

The presence of a linear inverse statistical relation (negative sample correlation coeffi-
cient) between the magnitude of the deviation from flatness specified in the direction along the
fibers and the corresponding deflection specified in the direction across the fibers it can ob-
serve for the experimental sample of the furniture board number 2 (perpendicular to the place-
ment of structural elements). For sample of the furniture board with perpendicular placement
of structural elements (Table 2), the calculated value of Student criterion makes up tcal =
2,05which is more than the tabular value of the Student criterion (twb1.=1,96 ), which is defined
for a significance level q = 0,05 (on the basis of this comparison it was concluded that there is
a correlation). It is interestingly, if we take q = 0,01 (to increase uncertainty in the decision of
statistical hypotheses from 5 to10%), the value of the tabular value of the Student criterion will
increase and will make up twb. = 2,58, which will allow in this case to conclude that there is no
statistical relationship between deviations from flatness of the furniture boards specified in the
directions along and across the fibers.

Conclusions. Thus, as a result of the comparing the deviations from flatness for furni-
ture boards for parallel and perpendicular placement of the structural elements (Fig. 1) it was
made the following conclusions.

1. Two samples (deviation from flatness of the furniture board in direction along the fibers S;and
deviation from flatness across the fibers Sp), the two placing schemes of the structural elements (parallel
and perpendicular) does not belong to the same total population and the difference between two sample
means and two selective variances of these variables cannot be explained by random errors.

2. Relative difference between the average values of the deviations from flatness in different di-
rections (A and B) in the case of parallel placement makes up 160 %, while a similar difference for
perpendicular arrangements of the structural elements makes up only 12%.

3. For the experimental samples of the furniture boards with perpendicular arrangement scheme
of structural elements, with a significance level q = 0,01, it can accept the hypothesis that there is no
statistical correlation between the two these values of the deviations from flatness in the direction A
and direction B, that together with conclusion 2 may indicate a better shape stability of furniture
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boards with perpendicular placement of structural elements in comparison with similar furniture
boards that are made by the parallel scheme.
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BruiuB po3MillleHHSICTPYKTYPHUX €JIEMEHTIB KJIe€HUX IIUTIB HA IX GOPMOCTIHKICTH

MeOneBi IIUTH, BUTOTOBIEHI 3 KYCKOBHX BIAXOJIB JCPEBHHM, MAIOTh PAJ CYTTEBUX EKO-
HOMIYHHUX Ta €KOJIOT1YHMX IepeBar moA0 BUKOPUCTAHHS iX Y MEOJICBOMY 1 1IepeBOOOPOOITIOBATBHOMY
BUPOOHHUIITBAX y MOPIBHAHHI 13 KJIACUYHUM MEOJIEBHUMHU LIMTAMH, BUTOTOBJICHUX 3 JIAMEJICH HUIIXOM
3’€THAHHS Y MEOJICBUI IIUT y PO3MIP 3a JIOBXKUHOIO 32 JOIOMOTO0 3y0UacTuX IIMIIB 1y po3Mip 3a
IMIMPUHOIO — 32 JIOTIOMOT'OI0 CKJICIOBAHHS HA TNaaKy Qyry. OQHUM i3 IMOBIpHUX HEIOJIKIB MEOIEBUX
IIUTIB, BUTOTOBJICHUX 13 CTPYKTYPHHX €JIEMEHTIB HEBEIMKHUX PO3MIPIB € BIIXWICHHS BiJl TIJIOMIWH-
HOCTI, 1110 1HKOJIM MO’KE€ TIEPEBUILYBATH JOITYCTUMI 3HAUEHHS. IHCHEHO MOPIBHSAHHS BETMYMHU BiJIXH-
JIEHHSI MEOJIEBUX HIUTIB BiJ] IUIOIMIMHHOCTI y HANpsIMKaxX B3J0BX 1 MOMEPEK BOJOKOH ISl IBOX Pi3HHUX
CXEM PO3MILICHHS CTPYKTYPHHUX €JIEMEHTIB — MapajeabHoi 1 MepIeHAUKYIspHO. 311iCHEHO BUCHOBOK
po Kpamry GopMOCTIHKICT MEOJIEBUX IIUTIB, Y AKUX CTPYKTYPHI €JIEMEHTH PO3MIIICHI 32 TIEPIICH TN~
KYJISIPHOIO CXEMOIO.

KurouoBi ciioBa: kiieeHM AT 13 KYCKOBHX BIJXOIB, BIIXWUJICHHS BiJl IJIOIMIMHHOCTI, Tapa-
JenbHA 1 IEPIICHANKYIIIPHA CXEMHU PO3MIIIEHHS CTPYKTYPHHUX €JIEMEHTIB.

UDC 674:630  Senior teacher 1.Z. Pylypiv; assoc. prof. O.1. Dumanskyy — UNFU

BUILDING MATHEMATICAL MODELS DEPENDING ON BEND RADIUS
FIBER BOARDS CONCERNING ITS THICKNESS AND HYDRATION TIME

Submitted by processing experimental studies necessary for the production of curved pieces of
furniture with fiberboard. Found a mathematical dependence studied processes using methods of inter-
polation and approximation. Presented minimum radius curved pieces of furniture in the thickness of
plates and different moisture conditions adhesive.

Keywords: curved furniture element, fiberboard, minimum radius, interpolation, approximation.

Recently, the development of design and construction in order to improve consumer properties
of furniture products significantly changed the approach to the formation processes of production and
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