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Abstract. In this paper the transverse resonance vibratbigdued-up panels and particle boards are understigation.
The viscous elastic properties of these articleseanluated based on the theory of resonance igibsat

The calculating methods of mechanical systems &udi@ bodies with infinity degree of freedom amité elements and
accesses to apply for wood articles are considered.

It is shown that through their structure some maaferectangular wood panels accords modes of elasitropic beam
and their theoretical calculations of beam vibragican be applicable.

Anisotropic properties of wood panels are evalualiedas estimated that the resonance frequengjaime of panel by 5
% and width of band of amplitude — frequency chinastic — by two times can vary.

The results are obtained by estimating the modafiedasticity and the damping coefficient of woaahpls.

Keywords: resonance vibrations, glued-up panel, particledaaodulus of elasticity, coefficient of dampiramplitude
of vibrations

Introduction walls are produced of wood of various types, and of
particle boards. Almost in all cases inner panitiwalls

In the production of various wood articles it is should satisfy an important requirement, i.e., gsodnd
necessary to choose wood of appropriate type, and insulation. Cases of wooden musical instrumenttingi
determine and foresee its properties as well agjtiadity elements and other should satisfy analogous regainés.
of an article. Beside the impacts that affect constructional eldme

Many wood articles must feature good strength antheir oscillations are often excited by the noise. a
elasticity properties. Other articles, in contrastist damp general case the insulation of construction ogle
well the oscillations of various frequencies, ite.feature increases when its mass is increased. Rigidity of
appropriate viscous properties. construction has a significant influence in thissea

Wood is widely used as a building material. TheParticularly rigid constructions insulate the dstibns
columns, beams, floor and other constructional elgm better.
are made of it. In most of these cases strength and A miscellaneous evaluation of mechanical propsrtie
elasticity properties are important. is usually performed in the dynamic analysis of doo

Many accessories of musical instruments should alssamples and articles. In many cases the oscilatare
feature analogous properties. One of the most itapbr used in the research. The frequency of oscillatafsvs
elements is the panels of glued-up wood — soundingevaluating a dynamic modulus of elasticity and the
boards. dissipation of energy, i.e., the damping coeffitidn 2, 3].

On the other hand, wooden ceilings and partitioliswa Many wooden articles have the shape of a plate or
should insulate vibrations and noise quite well.e§& beam. For a dynamic research of such bodies, dunaat
requirements should be met particularly by woodenrf oscillation method is used [1, 4, 5, 6].
systems when laminated boards of cuttings are afteal It is known that the velocity of mechanical
as a substitute. oscillations’ spread depends on the modulus oftielgs

Inner partitions, walls are a very important paft o and the density of the material [7, 8, 9, 10]:
buildings. With their help the space of the builglirs )
divided into individual premises. Often inner p&ot E=c”-p, (1)
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whe.re c - velocity of oscillations’ spread in a 2y 1 v mTf
material; p - density. oy et
In the measurements the oscillations of sound i3 +:5C11c?12 ]
frequency and ultrasound are used. Referring to the G e
velocity of oscillation spread of various frequessi not ) e v
Flnllil_ balks and planks, but also uncut trees areidened 13 +k21€'22 ] +k22r:23:
In the case of resonant oscillations, after deteingi AR ek
the resonant frequency and other parameters oftassut A S
being studied, its modulus of elasticity may beakted. $ e | |
With application of this method, plates, glued-up nlE §nlendE Pk
panels and accessories of musical instrumentsralgsed mn’i i ET
[4,5, 12]. P oy "R p

Analogous analyses are made using free oscillatbns
the assortments. This method is often used inmgprtiood
assortments [13]. The assortment transported by
conveyor is hit, and the oscillations of the agserit are
registered by a microphone. It was established whan

Fig. 1. The mechanical model of a wood panel (cuttingsdjoa
Cii.nn — rigidity coefficients; kyy.nn — Viscosity (damping)
efficients;m,1.,,— masses of elements

sorting balks and floor systems, the location oftake The movement equations of such system would be
does not have any influence on the resonant freyueha  Written down in the following way [20]:
separate assortment, however, the resonant freigseot
separate assortments are different [14, 15, 16]. M {q}Jr K{q}+c{q} = {Q} : (2)
For sound insulation the wood of various typesaor
special construction are used [17, 18, 19]. Ihiparticular
important for wooden buildings, where oscillatioase My Mg - My
excited by transport movement, earthquakes, etc. Iwhere M = My My ... Mo, |;

various building constructions the damping coeéfidi of — - -
used panels should be also increased [19].

Thus, the evaluation of viscous elastic propertiés Mo Mhz o Mhi
wood is an urgent task.

When oscillations of the assortments are excited by “u k2o K _ 1 Q2 O _
striking, the oscillations of several frequencies excited k| Kar Koz o Kan |3 o 1Ca1 Cop e Con ]
during the strike. Without evaluation of the ostilbn - - - - - - - -
mode, in many cases the modulus of elasticity fiscdlit Ky Kpz oo Kpj Cg Cnz - Cpi
to assess. In the analysis of the curve of dyingafu
oscillations, it is hard to assess the damping fierfit Q (o}
correctly. .

By using the resonant oscillations, the amplitude- {Q}=_Q_2_' {a}= 2
frequency characteristics and modes may be estimate -
precisely. Regardless of the fact that wood is an Qn Un

anisotropic material, in some cases wood assorsmeay
be analysed as quasiisotropic bodies, assuminghhege
of their oscillation parameters is not significarand
average values of their variation may be operatél w

The objective of the study is to evaluate the sprefa
resonant oscillations’ frequency and the dampin
coefficient of wood panels with rectangular platpe and d
particle boards in the points of the assortmemela

By exciting such systemm resonant frequencies are
obtained.

While applying the method of finite elements, such
system (wood board) is divided into the numberioite
elements (masses), by evaluating the rigidity ahd t
amping coefficients of every zone. A complex of
ifferential equations for every finite elementvi®rked
out by later collecting the matrixes of elementtoim
global matrix.

While working out oscillations of such systems and

di . . - | h determining appropriate modes, the constancy aflityg
Wood is an anisotropic material. In general caserwh 4 iha damping members are adopted.

analysing wood articles with an app_lication (_)f fatibns, In wood as an anisotropic material, the rigiditydan
they may be analysed only approximately in the f@im yamping are continuously distributed along entize ©f
concentrated parameters’ system. _ the article [6]. In this way when applying theoceti
Applying the discretisation principle, wood artile . jations of oscillations of these bodies for odo
should be analysed in the form of the system with nicies of balk or plate shape, it is assumed altatation
degrees of freedom (Fig.1): of these parameters is not significant and thegragye
values are used.

Methods and Equipment of Tests
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A special stand was used for the tests [6]. In seeking to increase the sharpness of measurement
After exciting the resonant oscillations andthe amplitude of oscillations acceleration is meegu
determining the average resonant frequency andr othe

parameters of the studied assortment, the mean|o®odti ?.
elasticity is calculated. ey 8
f2ar?pSI* Eri i 5 i
E=—t—08 ®) 3 Ay . T
A : TN AR e
. . L 1 i L]
wheref, — resonant frequency; — sample length;p. - I:Iu:u 200 400 AO00 200 1000 1200 1400 1600 15002000
density;S— area of assortment’s cross-section;moment f Hz
of inertia of a cross-sectioy — coefficient depending on a
the type of the assortment attachment and osoitiati
mode. 0,25 "'g
After analogically evaluating the amplitude-freqogn 0,20 ﬁ =D
characteristic, the damping coefficient of the assent ) 0 -]‘l
was established (tangent of loss angle) [1, 20]: E"‘ 0.15 | ﬂ § r
: 0,10 H A Ay
- fz — fl 4 -
o ) o T ARAN
wheref, — resonant frequencyf;, f, — frequencies when a MJ—

. ) 0 200 400 600 800 1000 1200 1400 1600 15002000
the resonant amplitude decreases/aytimes f Hz

The studied assortments were classified into the b
number of finite elements (zones). In each of thibm g 2. Th itud . haracteristi ¢ ot
resonant frequency and damping coefficient, i.e.sfpread 9. 2 'he ampiitude — irequency characteristics of perti
of parameters in the plane of the assortment werPards (a) and glued-up panel (b) in one of therasteristic
- . S Y zones
measured. Also a variation in oscillations amplktusas
assessed.

[l

Research Results

ka3 th G e

- k2

The glued-up panels of oak scantlings (3 pcs.) and

1
particle boards of different manufacturers (12 pegere %‘“”-3
used in the research. 1051

700x 700 mm dimensions of panels and boards were = 1o
chosen according to the construction of a testdstdhe 251

thickness of glued-up panels and particle boards 8
mm and 18 mm respectively, and its humidity did not
exceed 12 %.

The density of panels varied between 670 and 730
kg/m®, and the one of boards was in the range of 64ID- 7
kg/m®. Tests were made in the laboratory conditions,
where the temperature was about %) and relative air
humidity constituted about 60 %.

The dimensions of the studied assortments were
measured by using sliding callipers (length andthwiel o1
within 0.05 mm, width — within 0.02 mm), and the ssa = o
was measured by dynamometer (to within 50 g). r

While adjusting the frequency of oscillations’
generator, the amplitude-frequency characteristafs
glued-up panels and particle boards were determined

[
L

separate zones of the assortments (oscillation uneasnt 0 00,2, % 0.3

points). They are shown in Fig. 2. Length, £n':'=40,5,l5 U 9ridth, m
By measuring oscillations in separate zones of the 0.7

panels, it was determined that different zonesatéat with b

different frequencies. In addition, it was estdidid that a Fig. 3. The modes of glued-up panel at its vibration alting

different number of resonant frequencies was regst grain (a) and across the grain (b): a- averageneeedrequency
within the frequency range of 20 — 2000 Hz in saf®r 289 Hz: b — 90 Hz

zones: in some it reached 12, in others — 15.
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In order to obtain characteristic modes of osddlat, Table 1.Mode of the value (mf} of the oscillation amplitude of
the arithmetic mean values of the resonant fregaenc glued-up panel, when it vibrates across the grairakin to
were used. Measurements were made in 64 points §feoretical mode of isotropic beam

panels’ plane. p/A p/A oA pA piA plA pA plA

In the course of tests it was determined that due t| 1]062] 903417032 25| 06| 33]|056] 41| 03] 49]0,25| 57| 0,82
clearly expressed properties of wood along andsactiee ~ |-2]0.761 101032} 180,291 261058} 341 0,52} 421 0,31} 501 0,26} 5810,9
grain, and due to the density distribution of mdetibboards 2 8‘2113 E 8’320 ;g 8‘?3 g (?‘5% i 5)’459 ﬁ (?’332 g; 8‘22 Zg 8%
in the case of resonant oscillations of appropriat,5 0:91 13 0:34 21 0:19 29 0:51 37 65 45 0:22 53 0:22 61 0:93
frequencies, these assortments conform to the lafvs | 61092 14]|0,34] 22]0,21] 30| 053] 38]0,52] 46] 0.25] 54]0,22] 62] 0,91
oscillations of beam being deformed (Fig.3). Thedmlos 710911510321 23] 0.2{3110,34] 3910,54] 4710,25 55/0,23] 6310,82
of elasticity and the damping coefficient agreeatoly(3) 810861 16]0:34) 24]019] 32| 053] 40| 098] 48] 0.32] 6] 0.21] 4] 068
and (4) expressions are evaluated as equivalenevah * wherep — running number of a poind — amplitude
an appropriate direction of inflection. m/< (the amplitude of oscillations acceleration is mead

to increase the sharpness of measurement)

Table 2. The mode of the value (Hz) of the resonant freqig=n

of a glued-up panel, when it vibrates across tlaéngis akin to
the theoretical mode of isotropic beam
f f pff p/f pif pif
1906 99,7 17 90,8 25{ 90,6 33/ 90,7 41 905 49 0.6] 571 0,3
21905 10 90,6 18] 90,7 26/ 90,7] 34 90,4 42| 90,6] 50] 0,5 58 90,3
31905 11f 90,6] 19 20,8 27]90,7] 35 20, 43 20,6] 51| 90,7] 59 20,3
4 90,6 12[90,7] 20 90,8 28 90, 36] 90,9 44] 90,5 52| 20,5 60 20,4
5905 13 90,8 21] 90,8 29] 90,7] 37 20,4 45 08| 53] 20,8 61| 04
61 905 14] 90.6] 22| 90,8 30[ 90,7] 38/ 209 46] 20.8] 54 20,8 62 0.6
7190,6] 15[ 90.6] 23] 90,6 31/ 90,7] 39[ 0.4 47 90,7] 55/ 0,8 63 05
8 905 16{ 909 24] 91 32] 90,7 40 90,7 48 90,8] 56| 91,1] 64 20,7

* where p — running number of a point,— resonant
frequency, Hz

It can be seen that the mode, when the panel bends
across the grain, is akin to the mode of isotrdygiam, the
highest amplitude in the direction of inflection & the
edges and in the middle zone (the amplitude reacpéds
0.95 m/4). The amplitude at the edges in the middle zone
of a panel in perpendicular direction is the biggasad in
the middle — the lowest. It was determined thatmpanel
vibrates at the mode along the grain akin to thezae
mode of isotropic beam, the oscillation amplitudeaup to
20 times bigger.

In Figure 5 the regularities of oscillations amypdies
of panel of glued-up wood without considering datibn
phase, and the variation of resonant frequenciiérptane
Fig. 4. The modes of particle boards when they vibrate ahre presented.
different, perpendicular to each other directioas= average It was determined that the amplitudes of different
resonant frequency 84.1 Hz; b — 100 Hz zones' oscillations differ up to 2,5 times, and ¢henge in
a resonant frequency may reach 3 - 5 %.

As it can be seen from the amplitude-frequency

characteristics (Fig.2), and modes (Fig. 3, 4), thegpie 3 The values (MR of oscillations amplitude of a particle
oscillation amplitudes of panels and boards alsterdid  poard when it vibrates at the mode akin to thertézal mode of
significantly. isotropic beam

In seeking to determine viscous elastic propertiese

. .. .. . A p/A p/A p/A p/A p/A p/A p/A p/A
precisely, the regularities of the distributionassortment 1[2.87] 9] 2,00] 17] 0,60] 25] 0,23 33] 0.23] 41] 0.58| 49] 1,90] 57] 2.85
plane of oscillation amplitude of resonant frequeand 212,35 101 1,321 181 0,09} 260,904 410,90} 421 0,08} S0 140} 581 2.20

. L . 3| 1,80] 11]0,54] 19 0,86] 27 1.68] 35| 1,70 43[0,83] 51] 0,58] 59] 1,80
damping coefficient were estimated. _ 4] 1.28] 12| 0.12] 20] 1.38| 28] 2.20] 36[2.20] 44| 1.30] 52| 0.12| 60| 1,35

Values of amplitude and resonant frequency in the g 8 e R e e ot ras
plane of one of the glued-up panels, when it vésat the 7] 2.72] 15[ 1.10] 23] 0.12| 31] 0.82] 39] 0.87] 47] 0.12] 55| L.30] 63| 2.55
frequency of about 91 Hz (the mode, when panel $end 8[370] 16]2,00] 24] 0,68] 32] 0,16 40[0,20] 48] 0,67] 56] 2,00] 64] 3,43

across the grain, is close to the theoretical ohearo

. 3 . Ca .
isotropic beam), are presented in Tables 1 and 2. wherep — running number of a poing — amplitude

m/&
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Table 4. The values (Hz) of resonant frequency of oscdladi of
particle board when it vibrates at the mode akithtotheoretical
mode of isotropic beam

p/f p/f

p/f

pl/f

pl/f

p/f

p/f

p/f

99,7] 9]100,5

17]101,1

25|101,0

33]101,0

41

101,1

49|100,6

57] 99,9

100,3]10{100.,8,

18101,0

26/101,2

34|101,2

42

101,1

50]101,0

58/100,2

100,7]11]100,9

19]101,0

27]100,9

35/100,8

43

101,0

51]100,9

59]100,6

100,8]12]100,8,

20]100,7

28/100,8

36/100,8

44

100,7

52]100,8

60]100,7

100,7]13]100,8,

21]101,0

29|100,8

37]100,8

45

100,6

53]/100,8

61]100,7

100,5]14]100,9

22]101,0

30/100,8

38]100,9

46

101,0

54]1101,0

62|100,6

100,3]15]100,9

QR[N || D WIN |-

23]101,1

31]101,1

39]101,1

47

101,1

55|101,2

63]100,2

99,4]16]100,3

241101,0

32|100,9

40]101,1

48

101,0

56]100,5

64| 99,8

. where p — running number of a pointf —
resonant frequency, Hz

It was established that angles of particle boarih(w
amplitude up to 3,7 nfsand central part (up to 2,15 A)/s
vibrated at the highest amplitudes. It was deteeohithat
the resonant frequencies of board angles’ zones logrer
than 100 Hz, while the frequency dominating in othe
zones varied in the range 100,3 — 101,2 Hz.

Fig. 5. Variation regularities across the grain of tramsge
oscillations amplitude (a) and the resonant frequesf a wood

panel

It was established that in many cases the frequen
variation is inversely proportional to the variaticof
amplitude in different zones of resonant, i.e. frengy
value in the zones of maximum amplitude is the lstveend

vice versa.

The regularities of variation analogous parametsrsa
particle board are shown in Fig. 6.
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Fig. 6. The regularities of variation in oscillations aityde (a)
and the resonant frequency (b) of a particle baatlle plane

It was found that in general the regularities aiatéon
in resonant oscillations’ amplitude and the frequeof
both, glued-up wood panels and particle boards are
analogous. In the case of boards, variation of masb
frequency did not exceed 3 %.

Tendency to variation particularly became clear in
determining the damping coefficient of assortmeings, in
evaluating viscous properties.

Values of damping coefficient in the plane of orfe o
the glued-up panels, when it vibrates at frequencé
about 91 Hz and 290 Hz (when the panel bends at the
modes akin to the theoretical ones of isotropicntjeare
shown in Tables 5 and 6.

Table 5. Values of the damping coefficient of a glued-upglan
the plane of the panel, when it vibrates at the enadross the
grain close to the theoretical mode of isotropiarhe

p/d p/d p/d p/d p/d p/d |  pd p/d

0,0199] 9] 0,0121]17] 0,0242|25] 0,0188]33] 0,0198]41] 0,0188]49] 0,0199]57] 0,0210
0,0188]10] 0,0199]18] 0,0209]26] 0,0209}34] 0,0198]42] 0. 0188150 0,0221]58] 0,0210
0,0199]11] 0,0210]19| 0,0231}27] 0,0209}35] 0,0209]43| 0,0199|51 0,0209]59] 0,0199

0,0210J13] 0,0209|21} 0,0220]29] 0,0198]37| 0,0209]45| 0,0209|53] 0,0220}61} 0,0210
0,0210}14] 0,0210J22} 0,0231}30] 0,0187}38| 0,0209]46| 0,0187|54] 0,0209]62] 0,0210
0,0210J15] 0,0210J23} 0,0221]31] 0,0209]39| 0,0209]47] 0,0198|55] 0,0220}63] 0,0199
0,0210]16] 0,0209|24}| 0,0209]32| 0,0209]40| 0,0209]48| 0,0220|56] 0,0187]64| 0,0209

1
2
3
Y] 0,0199]12] 0,0221|20] 0,0198]28] 0,0210|36] 0,0209]44] 0,0221]52[ 0,0210]60] 0,0210
5
6
7
8

* where p — running number of a pointt — damping
coefficient
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Table 6. Values of damping coefficient of particle boardtire
plane of the board, when it vibrates at mode clasethe
theoretical mode of isotropic beam

p/d p/d p/d p/d p/d p/d pd | pid

0,0241] 9] 0,0219]17! 0,0148]25] 0,0297|33] 0,0267]41] 0,0208]49] 0,0219]57" 0,0250
0,0209]10] 0,0208|18] 0,0307|26] 0,0188]34] 0,0188|42| 0,0485|50] 0,0208]58] 0,0220
0,0209]11] 0,0218]19| 0,0208]27] 0,0218}35] 0,0208]|43| 0,0198|51 0,0228]59] 0,0229
0,0208]12] 0,0228|201 0,0209]28[ 0,0198]36] 0,0198]44] 0,0199]52] 0,0228]60] 0,0199
0,0209]13] 0,0228|21] 0,0218|29] 0,0208]37] 0,0198]45] 0,0209]53] 0,0228]61] 0,0209
0,0229]14] 0,0218]22| 0,0188]30] 0,0208}38] 0,0218]46] O. 0198_|_54 0,0218]62] 0,0219
0,0209]15| 0,0218]23| 0,0198}31] 0,0188}39] 0,0198]|47] 0,0198|55 0,0208]63] 0,0220
0,0201]16] 0,0209]24] 0,0208]32| 0,0317]40] 0,0257]48| 0,0198|56] 0,0209]64] 0,0200

o|~Njo|a|s|wn|e-

As it can be seen both in particle boards and glyed

panels, damping coefficient is distributed veryfatiéntly.
It was found that the average damping coefficienthese
assortments are close to each other. It was detednhihat
the viscous properties of glued-up panels variesialler

As it can be seen, the laws of variation in the iz
coefficient of panels and boards are different.wis
determined that the laws of variation of this pagten of
separate panels and boards in the plane of assurame
different. It was established that in general dhsevalue
of damping coefficient in separate zones of thermisent
might vary up to 40 %.

Thus, when evaluating viscous elastic properties of
wood articles by the method of resonant oscillatjahis
necessary to evaluate the anisotropicity of wood
assortments. When determining a dynamic modulus of
elasticity and damping coefficient, it is necesstrytake
into account the law of variation of resonant frexey (as
the main measurement parameter) in the plane of
assortment. This is particularly important when tiethod
of finite elements is applied, as it allows inciegsthe

range than those of particle boards (the dampingorrectness of measurement.

coefficient of glued-up panels and particle boardss
0,019 - 0,022 and 0,015 — 0,045 respectively).

In Fig. 7 the regularities of variation in damping

coefficient of glued-up wood panel (a) and partioteard
(b) in the plane are presented.

Coefficient of darmping

Coefficient of daraping

b)

Fig. 7. Variation regularities of the damping coefficieot a
glued-up wood panel (a) and particle board (bh&lane

Conclusions

1. It was determined that in the analysis of glued-up
wooden panels and particle boards as the systems of
finite elements, it is necessary to evaluate thgake
of their anisotropicity.

2. It was found that the spread of resonant frequémcy
separate zones of assortments’ plane does not
exceed 5 %.

3. The noticeable variation of damping coefficient of
wood panels and particle boards was determined,
i.e., in separate zones of the plane its value may
vary up to 40 %.

4, It was established that variation of the main
parameters is related to the variation of oscdlzdi
amplitude. Oscillation amplitudes of the separate
zones may differ by up to 2.5 times.
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