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ABSTRACT

The proposed study deals with the modeling of the free spatial vibrations of a woodwork-
ing shaper and its spindle. An original mechanical - mathematical model of woodworking
shaper and its spindle, developed by the authors, is presented in this work. The model provides
the opportunity to explore the free undamped space vibrations of this type of machinery. In this
model the woodworking shaper and its spindle are regarded as rigid bodies, which are con-
nected by elastic elements with each other and with the motionless floor. A system of matrix
differential equations is compiled and analytical solutions are presented. The natural frequen-
cies and mode shapes for a specific machine can be obtained with their help. The model is
supplemented in order to investigate the free damped space vibrations of the considerate sys-
tem. The new model takes into account the damping properties of machine's elements. A new
system of matrix differential equations is developed and the relevant analytical solutions are
presented. They allow various numerical solutions for specific machines. The models take into
account the characteristics in the construction of woodworking shapers. They include all nec-
essary geometric parameters of this system. Numerical solutions and graphs can be obtained
with the help of the developed models. These solutions and graphs are necessary for analyzing
the free undamped and the free damped space vibrations of a particular considerate machine.

Key words: wood shapers, free vibrations, modeling.

2006, Angelov and Slavov 2010). Well-tar-
geted studies can be carried out by solving
these equations under different assumptions.
Some grounded recommendations for the

INTRODUCTION
The examination of the trachea as ab Re-
duction of the level of vibrations and noise of

the woodworking shapers implies the intro- ) i
duction of certain requirements for the con- construction and the manner of operation of

struction and the manner of it works (Gochev the woodworking shapers are formed, based

and Vukov 2017, Vukov et al. 2016). In on these studies (Beljo et al. 2001, Kminiak
’ et al. 2016, Orlowski et al. 2007).

The vibration characteristics of the
woodworking shapers depend on their natu-
ral vibration frequencies as well as any me-

terms of the theory of mechanical vibrations,
it means to formulate specific measures and
manners to influence the vibrating system to
which this machine is commuted (Coutinho ) S ;
2001, Wittenburg 1977). The main task of chanical vibration _system. It is knowr? that
each study is to replace the real machine with when the _frequenC|e§ of _the external influ-
a corresponding vibrating system. Solving of ences, which caus_e vibrations, are eql_JaI oa
this task requires adequate mechanic-mathe- frequency of their natural frequencies ap-
matical modelling and compiling the system pears the_ phenomenon ,,r_eso_nfamce“_. Reso-
equations describing the vibrations of the nance regimes can lead to significant increase

woodworking shapers elements (Amirouche of vibration amplitudes. Significant vibration
amplitudes change the normal work regimes
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of the wood shapers and damage the accuracy
and quality of the production (Vukov et al.
2013). Extra stress, which is caused by in-
crease of vibration amplitudes, sometimes
can reach such values that might damage or
even destroy some machine’s elements. This
causes reduction of the reliability of the
woodworking shapers.

A main rule in the engineer’s practice is
that resonant regimes are unwilling. They
must be avoided by a suitable selection of el-
ements’ parameters of the woodworking
shapers as well as the machine’s work re-
gimes. Therefore, it is necessary to make an
assessment of the resonant danger in advance
when the woodworking shaper is designed
and is dimensioned. Dangerous work re-
gimes during the machine’s operation are not
allowed. Consequently, the natural frequen-
cies and the mode shapes must be investi-
gated. Therefore, the first task in examining
the vibration properties of the machine is to
investigate its free undamped vibrations.
This study is based on a developed mechanic-
mathematical model which allows obtaining
the natural frequencies and the mode shapes
of the considerate mechanical system.

The work of the woodworking shapers
often involves passing through transient re-
gimes. The study of damped vibrations is
useful for analyzing the characteristics of
these regimes. Therefore, the developed me-
chanic-mathematical model can be adapted
to study also free damped vibrations. Exami-
nations of these vibrations help the selection
and the control of technical state of some ma-
chine’s components. It mainly concerns the

vibro-isolators between the machine and the
floor and the bearing units of the spindle.

The idea that the woodworking shaper
and its spindle are regarded as rigid bodies,
which are connected by elastic elements with
each other and with the motionless floor, de-
rives from the written above. These elastic el-
ements are four vibration isolators between
the machine and the floor and two bearing
units of the spindle.

The aim of this work is to build a me-
chanic — mathematical model of a wood-
working shaper and its spindle, which gives
the opportunity for exploration the free space
vibrations of this type of machinery. The
model is designed to study free undamped
spatial vibrations of these machines, and then
it is adapted to explore their free damped spa-
tial vibrations also. The model refers to wood
shapers with lower placement of the spindle.
The model renders in account the construc-
tion’s characteristics of this class of wood
shapers.

A kind of woodworking shapers that are
commonly used in the practice of forestry in-
dustry (Filipov 1977) are examined in the
proposed study. Fig. 1 shows the general
view, and Fig. 2 — a scheme of this type of
woodworking shapers (Obreshkov 1996).
The machine body is marked with 1, 2 is the
electric motor, 3 — the belt drive, 4 — the vi-
bration isolators between the machine and
the floor, 5 — the spindle with the bearings, 6
— the abror with morse cone, 7 — the work ta-
ble, 8 — the cutter.
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Figure 1: Wood shaper — general view Figure 2: Scheme of wood shaper

Analysis of woodworking shapers con-
struction shows the strong influence of the
spindle’” work on the functioning of the

whole machine. Fig. 3 shows the general
view, and Fig. 4 — the spindle with fitted cut-
ter.

Figure 3: Spindle with bearing units and with cutter

METHODOLOGY AND RESULTS

A mechanical - mathematical model of
wood shapers with lower spindle is built for
studying its free spatial vibrations. The
model is shown in Fig. 4. The wood shaper

and its spindle are regarded as rigid bodies,
which are connected by elastic elements with
each other and with the motionless floor.
These elastic elements are four vibration iso-
lators between the machine and the floor, and
the two bearing units of the spindle.



22 GEORGI VUKOV, ZHIVKO GOCHEV

e
9)(1

X1

Cy14

(9)’1 9)(2 e R~
X2 Ci
Cx21

I~ M1, I1

~

M2, |2
Cz21

" o

Ypeto

Cy11

Cy12 713

'\f;’ Cz11

Cx11

C
Cm\{"; 712

Figure 4: Mechanic-mathematical model for investigation of the free undamped spatial vibrations of the
woodworking shaper and its spindle

The following symbols are used:

mz, m2 —mass of the wood shaper and its
spindle;

I1, 12 — inertia moment tensors of the
wood shaper and its spindle;

q= [Xl Y12 0, eyl 0,% Y, 1, ‘9x2 eyz sz ]Tl

Cx1i, Cy1i, Cati, 1 = 1, 2, 3, 4 — elastic co-
efficients of the vibroisolators between the
machine and the floor;

Cx2i, Cy2i, C2i , | = 5, 6 — elastic coeffi-
cients between the machine and the spindle;

This model has 12 degrees of freedom. The
vector of the generalized coordinates is

1)
The matrixes of the transition in small
vibrations between the local coordinate sys-
tems of the bodies and the reference coordi-
nate system have the form
1 -6, 6; X
0, 1 -6, v .
A:) — Z1 Xl yl I — 1’ 2 ) (2)
-0, b4 1 z
0 0 0 1
The vector of the position of the center
of mass of the relevant body is determined
with
ICx +X + ICz 'eyi - ICy 'Hzi
I, +V. —l., .0, +1. .0, i
R?:i :A?-r(:i — Cy yl Cz"“xi Cx*"zi |:1’2, (3)
ICz +Z+ ICy 'exi - ICx 'Hyi

1
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T .
where rCi:[ICx le, lc.] is the vector

of the position of the center of mass in the
local coordinate system.

23

The vector of absolute linear velocity of
the center of mass of the respective body is
calculated as follows:

% +le, 0,1, .6y
Oy —l,.0,+1.,.0, .
gi — dRCI — yl Cz Qm + Cx eu |:1’2. (4)
dt | 2,+1g,.6, -1, .6,
0

The vector of absolute angular velocity
of the respective body, projected in the local
coordinate system, has the form

The deduction of the kinetic energy and
potential energy of the system is convenient
to be made with a symbolic method and mod-
ern software (Mathematica, MATLAB).

Qxi The kinetic energy of the mechanical system
Qi - Qyi i=12 ) is determined with
Hzi
- 0 —
, :
1 v+ 17 {mRRi } {Rm}
E = —|Rg O, 1]. g : (6)
“ Z[z ke | loi | | ©,
where RCi = [XCi yCi ZCi]T;
m 0 O . ...
i Q = [exi 0, ezi]T.
My =0 m O ’
' ' Potential energy is defined by
0 0 m
Ixxi - Ixyi - I><zi
looi = Ixyi Iyyi Iyzi !
- Ixzi -1 Izzi
4 1 01 2 1 12 2
Ep =Ep +Ep, = chk'(&k ) +ZECK (Srk ) ZEPGI ' (7)
k=1 k=1 i=1

where

o =R, + UK —r,

o =(R, +U°.r?

R = [Xi Yi Zi]T
of the position of the beginning of the mobile

(related with the body) coordinate system rel-
ative to the fixed coordinate system,

=12 — vector

—r)=(R, + VLR -

)

dr," — the deformation of the elastic el-

ements between the base (marked condition-
ally with "0™) and the body 1,

dr,” — the elastic deformation of the el-
ements between the two bodies.



24 GEORGI VUKOV, ZHIVKO GOCHEV

The differential equations which de-
scribe the free vibrations are deduced by us-
ing the Lagrange’s method. This method pro-
vides the best opportunities.

O,

d (6B ) O
di| g

where Ek and Ep are respectively the ki-
netic and the potential energy of the systems.

The obtained system of parametric dif-
ferential equations, which describes the free
vibrations of the mechanical system, is

The natural frequencies and the mode

shapes of the mechanical system are obtained
after solving the system equations (9).

e =0, (8)
In order to investigate the free damped
spatial vibrations of the woodworking
shaper, it is necessary to modify the model,
presented above. The woodworking shaper
and its spindle are regarded again as rigid
bodies, which are connected with each other
and with the motionless floor. The damping
properties of the connecting elements in ad-
dition to their damping properties should be
taken into account in the second model. This
model accepts the form, shown in Fig. 5.

my,
I

mpz,
1>

zl3,

Crisy Dy

cx2, by

Czy2, b2

Figure 5: Mechanic-mathematical model for investigation of the free damped spatial vibrations of the
woodworking shaper and its spindle

The used symbols are analogous to those
of Fig. 5, but the following ones are added:

bxii, by, bai, 1 = 1, 2, 3, 4 — damping
coefficients of the vibroisolators between the
machine and the floor;

bxai, byai, bi, 1 = 1, 2, 3, 4 — damping
coefficients between the machine and the
spindle.

The differential equations which de-
scribe the free damped spatial vibrations are
deduced by using the Lagrange’s method
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L OF, K,

d(oE ) (o,
dt| ag aq

where Fy, is the energy dissipation or dis-
sipative function.

The obtained system of differential
equations, which describes the small free
damped vibrations of the mechanical system,
is

M.§+B.q+C.q=0. (11)

The matrix in these equations which
characterizes the mass-inertial properties of
the mechanical system is M, and the elastic
properties — C. B(q) is the matrix that char-

acterizes the damping properties of this sys-
tem.

0°E
i+
0°E
c=le;]. ¢ "o @
i

The matrix B = [bm'n] is obtained by sub-

stituting the elements of the matrix C — cmyn,
with bmn.

0°F,

=— (14
aq; .oq;

B= [bij ], b;

The diagrams of free damped spatial vi-
brations of the woodworking shaper and its
spindle are obtained after solving the system
equations (11).

CONCLUSION

The presented study considers the mod-
eling of the free spatial vibrations of a wood-
working shaper and its spindle. Two mechan-
ical — mathematical models of woodworking
shaper and its spindle, developed by the au-
thors, are presented in this work. The first
model provides the opportunity to explore
the free undamped space vibrations of this

=+ =0. (10)
a oq

type of machines. In this model the wood-
working shaper and its spindle are regarded
as rigid bodies, which are connected by elas-
tic elements with each other and with the mo-
tionless floor. A system of matrix differential
equations is compiled and analytical solu-
tions are presented. The second model pro-
vides the opportunity to explore the free
damped space vibrations of this system. This
model is obtained by taking into account the
damping properties of machine's elements
additionally. A new system of matrix differ-
ential equations is developed and the relevant
analytical solutions are presented. The two
models allow various numerical solutions for
specific machines. Received numerical solu-
tions and graphs are necessary for analyzing
the free undamped and the free damped space
vibrations of a particular considerate ma-
chine.

REFERENCES

AMIROUCHE F. 2006. Fundamentals of Multibody Dy-
namics — Theory and Applications, Birkhauser,
Boston.

ANGELOV |, SLAVOV V. 2010. Book of problems. Ma-
trix mechanics — Dynamics, Avangard Prima,
Sofia.

BELJO-LUCIC R, GOGLIA V. 2001. Some possibilities
for reducing circular saw idling noise. Journal of
Wood Science, 47(5):389-393.

COUTINHO M. 2001. Dynamic Simulations of Multi-
body Systems, Springer-Verlag, New-York.

FiLipov G. 1977. Woodworking machines. Sofia

GOCHEV ZH., G. VUKoV. 2017. Influence of the Wear-
ing of the Saw Unit Elements of the Wood
Shaper on the System Vibration, Acta Facultatis
Xylologiae Zvolen, 59(2): 147—-153.

KMINIAK R., SIKLIENKA M., SUSTEK J. 2016. Impact
of tool wear on the quality of the surface in rout-
ing of MDF boards by milling machines with re-
versible blades. Acta Facultatis Xylologiae Zvo-
len, 58(2): 89-100.

OBRESHKOV P. 1996. Woodworking machines. Sofia.



26 GEORGI VUKOV, ZHIVKO GOCHEV

ORLOWSKI K., SANDAK J., TANAKA C. 2007. The crit-
ical rotational speed of circular saw: simple
measurement method and its practical imple-
mentations. Journal of Wood Science, 53(5):
388-393.

VUKOV G., GOCHEV Z., SLAvVOV V. 2013. Investiga-
tions of the Natural Frequencies and Mode
Shapes of the Circular Saw Using Finite Ele-
ments Method. Part I: Mechanic-Mathematical
Model, Proceedings International Scientific
Conference ,,Wood Technology & Product De-
sign*, Ohrid, Republic of Macedonia: 18-22.

VUKoV G., GOCHEV Z., SLAvoV V. 2013. Investiga-
tion of the Natural Frequencies and Mode Shapes
of the Circular Saw Using Finite Elements
Method. Part 11: Numerical Investigations, Pro-
ceedings International Scientific Conference
»Wood Technology & Product Design*, Ohrid,
Republic of Macedonia: 52-59.

VUKoV G., GOCHEV Z., SLAvVoV V. 2016. Mechanic-

Mathematical Model for Investigations of the
Free Damped Spatial Vibrations of Wood Shaper
and its Spindle, Proceedings of the IInd Interna-
tional Furniture Congress, Mugla, Turkey: 216—
19.

VUKoV G., GOCHEV Z., SLAVoV V., VICHEV P., AT-

ANASOV V. 2016. Mechanic-Mathematical
Model for Investigations of the Natural Frequen-
cies and Mode Shapes of the Free Spatial Vibra-
tions of Wood Shaper and its Spindle, Proceed-
ings of the 10th International Science Confer-
ence ,,Chip and Chipless Woodworking Pro-
cesses*, Slovakia, Technical University in Zvo-
len, 10(1), 203-209.

WITTENBURG J. 1977. Dynamics of Systems of Rigid

Bodies. Stuttgard. B. G. Teubner: 223.



INNOVATION IN WOODWORKING
INDUSTRY AND ENGINEERING
DESIGN

2/2018

INNO vol. VII Sofia

ISSN 1314-6149
e-ISSN 2367-6663

Indexed with and included in CABI



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING

DESIGN

Science Journal
Vol. 07/p. 1-88
Sofia 2/2018

ISSN 1314-6149
e-1ISSN 2367-6663

Edition of
FACULTY OF FOREST INDUSTRY —UNIVERSITY OF FORESTRY - SOFIA

The Scientific Journal is indexed with and included in CABI.

SCIENTIFIC EDITORIAL BOARD

Alfred Teischinger, PhD (Austria)
Alexander Petutschning, PhD (Austria)
Anna Danihelova, PhD (Slovakia)
Asia Marinova, PhD (Bulgaria)
Bojidar Dinkov, PhD (Bulgaria)
Derya Ustadmer, PhD (Turkey)
lvica Grbac, PhD (Croatia)

Ivo Valchev, PhD (Bulgaria)

Jan Holécy, PhD (Slovakia)

Jan Sedliacik, PhD (Slovakia)

Julia Mihajlova, PhD (Bulgaria)
Hubert Palus, PhD (Slovakia)
Ladislav Dzurenda, PhD (Slovakia)

N. Trichkov, PhD — Editor in Chief
D. Angelova, PhD — Co-editor
N. Minkovski, PhD

Marius Barbu, PhD (Romania)
Nencho Deliiski, DSc (Bulgaria)
Neno Tritchov, PhD (Bulgaria)
Panayot Panayotov, PhD (Bulgaria)
Pavlo Bekhta, PhD (Ukraine)
Silvana Prekrat, PhD (Croatia)
Stefan Barcik, PhD (Slovakia)
Valentin Shalaev, PhD (Russia)
Vasiliki Kamperidou (Greece)
Vesselin Brezin, PhD (Bulgaria)
Vladimir Koljozov, PhD (Macedonia)
Zhivko Gochev, PhD (Bulgaria)

EDITORIAL BOARD

V. Savov, PhD
P. Vichev, PhD

Printed by: INTEL ENTRANCE

Publisher address: UNIVERSITY OF FORESTRY — FACULTY OF FOREST INDUSTRY
Kliment Ohridski Bul., 10, Sofia, 1797, BULGARIA

http://inno.ltu.bg
http://www.scjournal-inno.com/



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN, 2/2018 (14): 3-4

CONTENTS

COMPUTATION OF THE ENERGY CONSUMPTION FOR WARMING UP OF FLAT OAK
DETAILS BEFORE THEIR BENDING ......cocoiiiiiiiiiiii s 5

Nencho Deliiski, Neno Trichkov, Dimitar Angelski, Ladislav Dzurenda, Zhivko Gochev,
Natalia Tumbarkova

WOOD COLOUR MODIFICATION OF FRAXINUS EXCELSIOR L. DURING THE
PROCESS OF THERMAL TREATMENT WITH SATURATED WATER STEAM ......c.cccccvvnenee 12

Ladislav Dzurenda, Adrian Banski

MODELING OF THE FREE SPATIAL VIBRATIONS OF WOOD SHAPER AND ITS
SPINDLE .. e 19

Georgi Vukov, Zhivko Gochev

NON FORMAL EDUCATION IN DESIGN FIELD .......ccooiiiiiiiicii s 27

Alin M. Olarescu, Thomas Gronegger, Biborka Bartha, Marina Cionca, loan Muscu

EXOTICISM IN FURNITURE DESIGN ....c.ooiiiiiiciiesece et 36
Regina Raycheva

KNITWEAR: FROM CLOTHING TO FURNITURE ......ccco it 48
Regina Raycheva, Desislava Angelova

WOOD-BASED PANELS WITH LOW FORMALDEHYDE EMISSION BY COLLAGEN
AND KERATIN BIOPOLYMERS........coiiiiieitiie ettt sne s 61

Jan Sedliacik, Jan MatyaSovsky, Peter Jurkovi¢, Maria Smidriakova

INVESTIGATION OF PLASTIC/WOOD COMPOSITES ..ottt 67
Igor Novak, Igor Krupa, Jan Sedliacik, Zuzana Nogellova, Jan Matyasovsky,
Peter Duchovié, Peter Jurkovic¢

QUANTITATIVE YIELD IN SAWING THIN LOGS OF SCOTS PINE (PINUS

SYLVESTRIS L.) FOR PRODUCTION OF DIMENSIONAL LUMBER WITHOUT DEFECTS...... 71
Neno Trichkov, Daniel Koynov

STATIC ANALYSIS OF A UPHOLSTERED FURNITURE FRAME MADE OF SCOTS PINE

AND PB WITH STAPLE CORNER JOINTS BY FEM ...uooviiiiiiiiiiee ettt 78
Nelly Staneva, Yancho Genchev, Desislava Hristodorova

SCIENTIFIC JOURNAL ,,INNOVATIONS IN WOODWORKING INDUSTRY AND
ENGINEERING DESIGN ...t 86



