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Abstract

This work presents a study on some basic characteristics of dynamic loads in the components of the saw unit of the
carved veneer machines in work regime. The change of the particular forces, formed this loads, are studied. After that
their joint actions are studied. Several separate periods in the formation of the load are defined. These periods have
specific characteristics and duration. Thus considered load can be conditionally divided into parts with the purpose of a
more complete and accurate analysis. A carefully study of a single period provides an opportunity to analyze in detail the
prerequisites for the arising of increased load in connection with a specific reason. Such particular studies take great
advantages. They support the conduct of research on the total work of the mechanism. The results of the study are
applicable to the development, design and dimensioning of new machines of this type. They are useful in reconstruction
and modernization of existing ones. These results can be used to analyze and optimize the operation of the machines

with specific parameters for the different operating regimes.
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Introduction

The dynamic loads on the components of the
saw unit of the carved veneer machine are complex
and difficult to study. The studying of the dynamic
loads is important because the loads directly affect
the work ability of the machine and they often
cause troubles. As it is known, work reliability and
longer terms between the repairs of carved veneer
machines are important for their effective work [1,
3]. Ensuring high reliability and a longer period
between the necessary repairs requires analyzing
the causes of damage and increased wearing of the
parts and mechanisms of machine. As a result of
this analysis it is possible to provide some
reasonable actions to increase the efficiency of the
carved veneer machines.

The practical operation of modern carved
veneer machines shows that their slight part is the
saw unit. The components of this mechanism wear
out and disturb their work ability relatively quickly.
This requires stopping the machine and replacing
the worn component with a new one. Then some
additional settings and adjustments are usually
necessary. A period of operation with incomplete
load after repair to bedding of the components of
the mechanism is inevitable. As a result, all this
prevents full use of carved veneer machine and the
effectiveness of production gets worse.

Another important negative result of the
increased wear of the components of the saw
mechanism of the carved veneer machine is
lowering of accuracy and quality of the production.
The producing veneer does not meet the standards
in some cases.

It becomes clear that it is important to
investigate the operation of the saw mechanism of

veneer machine thoroughly and identify the factors
leading to increased wear of its components. The
free torsional vibrations of the saw mechanism of
the carved veneer machine are modelled and
investigated numerically in previous studies of the
author [4, 8]. A model is developed and parametric
torsional vibrations of the mechanism are
investigated [5]. The amplitude frequency spectra
are obtained [6]. Some possibilities for identification
of typical defects in the mechanism are studied [7].

The influence of the inaccuracies and damages
of the profile of the teeth of the gear on the torsional
vibrations in the drive mechanism of veneer
machine is investigated [9]. The conducted studies
show that the components of the saw mechanism
are affected by a heavy dynamic load. The dynamic
loading of the mechanism is caused by three
groups of forces. These are: forces of interaction
between the knife and the material in the cutting
process; inertia forces; frictional forces in the
elements of the mechanism. The study of the
influence of these loads on the wear of the
components of the mechanism requires studying
the manner of changing of these forces.

The aim of this paper is to investigate the
characteristics of the dynamic loads on the
components of the saw mechanism of the carved
veneer machine in work regimes. It is necessary to
study the manner of changing of the separate
groups of forces, which form this load, taking into
account the purpose. Then their joint action is
considered. Particular periods in the action of the
loading with strictly certain characteristics and
duration are fixed. A carefully study of a single
period provides an opportunity to analyze in detail
the prerequisites for the arising of increased load in
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connection with a specific reason. Such particular
studies take great advantages. They support the
conduct of research on the total work of the
mechanism.

Methodology and results of the researches

Fig. 1 shows a general view of a carved veneer
machine, which is often used in practice. This ma-
chine is the subject of the presented study.

Fig. 1. Carved ven hachine — general view

The general scheme of this kind of carved ve-
neer machines is shown in Fig. 2 [1, 3]. All its fun-
damental components are included — the electric
motor, the belt and gear drive, the flywheels, the
connecting rods and the tool slide.
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Fig. 2. Scheme of a veneer machine
Legend: 1 — electric motor; 2 — belt drive; 3 — gear drive;
4 — flywheels; 5 — connecting rods; 6 — tool slide; 7 —
guides

The study of the dynamic loading of the
mechanism involves examining all applied forces
on it. These forces are reduced to the following
groups: forces of interaction between the knife and
the material in the cutting process; inertia forces;
frictional forces in the components of the
mechanism. These groups are discussed below.

A working motion and a return motion alternate
during the process of sawing. It is clear that the
sawing force is zero during the return motion. This
force exists during the time of working motion only.
The sawing force is not constant throughout the
entire period of working motion [2]. It is zero at the
beginning and at the end of the period. This is so

called reserve motion xs. This motion is necessary
to ensure the safely exiting of the knife from the
prism. lts length depends on the deviations from the
correct form of the treated prism. This length is
typically in the range from 100 mm to 200 mm. The
process of cutting begins after this period. The knife
does not begin to cut with the full its length,
because it is placed at an angle to the front wall of
the prism. It is assumed that the cutting force is
uniformly distributed load along the length of the
knife. Thus the cutting force increases with the
increase in the active current length of the knife [1].
This force starts at 0 at the moment of contact of
the knife to the prism and increases to its maximum
value at the moment when knife covers its whole
length. This motion is calculated in a following way
x, = atgo, (1)
where

a is the length of the prism,

a — the angle of which is inclined the knife.

The cutting force is assumed to remain with
constant magnitude during the next period. In fact,
the presence of knots and other defects in the wood
leads to variations in the force’s magnitude, but
these variations are usually relatively small and
they are not rendering an account. This motion is
defined as
Xc =b-x, =b-atga, (2)
where b is the width of the prism.

The cutting force begins to decrease in the
moment when the knife starts coming out of the
prism. This force becomes zero after a motion as
defined again by the equation (1).

Fig. 3 represents a diagram of the change of the
cutting force during one rotation of the flywheels.
The tool slide does a working motion xy and a
return motion x,.
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Fig. 3. Diagram of the change of the cutting force
Legend: P — cutting force; P, — maximal cutting force; xy
— working motion; x, — return motion; xs — reserve motion;
Xy, — motion with variable force; x. — motion with constant

force

Forces of friction between the sliders of the tool
slide and its guides arise during operation of the
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machine. Their values are determined by the
coefficient of friction at sliding of the slides on the
guides and the values of the pressing forces on the
sliders. The pressing forces during the return
motion are the force of weight of the tool slide and
the inertial forces of the joined rods. These inertial
forces are usually relatively small. The pressing
forces considerably increase during the working
motion. The forces along the normal of the knife
and of the pressure line should be added now.
Their change is represented by a scheme similar to
that shown in Fig. 3. It is because these forces are
directly associated with the cutting forces.

The variable inertial forces, formed during the
operation of the machine, directly affect its work.
Their research requires understanding the
characteristics of the motion and sizes of the
masses of the components of the cutting
mechanism. The conducted analysis shows that the
greatest interest according to this perspective
represents the tool slide. The reasons are its large
mass and its uneven rectilinear reciprocating
movement. These factors are a prerequisite for the
origination of large variable inertia forces. The
relatively small mass of the connecting rods is a
reason for the small inertial forces at them. The
other elements do a uniformly rotation movement
and are usually well balanced. That is why their
inertia forces are not considered in this study.

The inertial force of the tool slide is calculated

as [3, 10]
o, =Ma,, ©)
where
My is mass of the tool slide with connected
components,

ay — acceleration of the tool slide.

The acceleration of the tool slide is determined
SO

a, = Ro’(cos mt+§cos 2wt), (4)

where
B is the length of the connecting rod,
R — radius of the circle described by the end of
the connecting rods attached to flywheels,
w — angular speed of flywheels.

It is noted above that the relatively small mass
of the connecting rods causes the formation of
small inertia forces on them and it means that these
forces can be ignored. However, when a
construction includes connecting rods with a
greater mass, it appears appropriately a part of
their mass to be added to the mass of the tool slide
My and the equation (4) can be used again.

The dependences (3) and (4) show that the
generated inertia force of the tool slide of the

carved veneer machines during the work is variable.
It includes two periodic components. The first
component has a frequency which is equal to that
of the rotation of the flywheels, and the second
component has a frequency that is equal to their
doubled frequency. The amplitudes of the two
components depend on the mass of the tool slide
together with its affiliates elements, the angular
velocity of the flywheels raised on the second
power and the geometric parameters of the
elements of the mechanism. The amplitude of the
first force is significantly higher for most
constructions of carved veneer machines.

Leaded studies show that all examined forces
are changed during of the operation of the machine.
Their change, however, becomes on a different way.
Fig. 4 shows a scheme of the drive of the tool slide.
The tool slide is in end left side position at the
beginning of working motion (Fig. 4) and the end of
the rod, attached to the flywheel, is in position S;.
The cutting force in this moment, in view of Fig. 3,
is zero. Such is the frictional force. The inertial force,
defined by equations (3) and (4), however, has a
maximum value. The inertial force begins to
decrease on harmonic law during the working
motion of the tool slide (on the right in Fig. 4).
Several parts of the motion may be considered.

Fig. 4. Scheme of the drive of the tool slide
Legend: a — rotation angle; x — current coordinate of the
tool slide; Axy — fixed coordinate system; 4 — flywheel; 5
— connecting rod; 6 — tool slide; 7 — guides; S1, Sz, S3, S4

— researched positions

Part 1 (from S, to S44 in Fig. 4) coincides with
the reserve motion xs in Fig. 3. The cutting force
remains zero, the inertial force decreases, the
friction force is constant.

Part 2 (from Sq; to S4,) — this is the motion xy.
The cutting force gradually increases from zero to
its maximum value. The friction force also increases
in this part. The Inertial force continues to decrease.

Part 3 (from S, to S,) begins when the tool slide
travels a move x=xg+xy and ends at the moment
when the tool slide is in the middle of its movement.
The end of the connecting rod is in point S, in this
moment. The cutting and friction forces are
constant. The inertial force continues to decrease
and at the end of this part becomes zero.
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Part 4 (from S, to S,,) begins when the tool slide
is in the middle of the movement, and ends at the
moment when tool slide travels a move x=xg+xy+Xc.
The cutting and friction forces are constant. The
inertial force begins to increase from zero on
harmonic law.

Part 5 (from S,, to Sy3). It begins when the tool
slide has passed a move x=xs+xy+Xc and ends at
the moment when tool slide travels a move
x=Xs+2xy*+Xc. The cutting and friction forces
decrease. The inertial force continues increasing.

Part 6 (from So; to S3). It starts when the tool
slide has passed a move x=xs+2xy*+Xc and ends at
the moment when tool slide is at the end of its
motion (S3). This is its extreme right position in
Fig. 4. The cutting force is zero and the friction
force is constant. The inertial force continuous
increasing and at the end its value reaches its
maximum.

The discussed parts above are included in the
working motion of the mechanism. The return
motion is also divided into parts, but they are only
two.

Part 7 (from S; to S,). It starts at the beginning
of the return motion of the tool slide. The tool slide
is in its end on the right side position (Fig. 4). The
inertial force has maximum value and begins to

decrease on harmonic law. The cutting force is zero.

This part ends in the middle of the return motion
(S4). The inertial force also becomes zero.

Part 8 (from S, to S;). It begins in the middle of
the return motion (S4). The cutting force is zero in
this part. The inertial force begins to increase from
zero to its maximum value at the end of this part.
This is the end of the return motion — the left end
position of the slide (S1).

The components of the cutting mechanism of
the carved veneer machine are put under intensive
variable loads. To sum up, these loads are very
different in working motion and return motion of the
mechanism as it is expected. The analysis shows
that within a working motion 6 particular parts with
different lengths can be divided. The load changes
in a completely different way in each of them. There
are two parts with different loads but identical
duration at return motion. The study of a single part
with its properties and duration allows chance for
detailed investigations on the manner of the
formation and the characteristics of the load on
each of the elements of the mechanism. This can
be done by conducting investigations on a specific
machine with relevant parameters for certain
operating modes. These studies complete and
support the conduct of research on the total work of
the machine.

Conclusions and recommendations

The conducted study shows that during the
operation of the carved veneer machine a complex
and difficult for studying variable load on the
components of its cutting mechanism is formed
inevitably. This load can be conditionally divided
into parts in terms of a more complete and accurate
studying. The analysis shows that according to the
characteristics of the load it is appropriate to
consider eight separate parts. The study of a single
part with its properties and duration allows
possibility for detailed investigation of the manner of
the formation and the characteristics of the load on
each of the components of the mechanism. This
can be done by conducting research on a specific
machine with certain parameters. The conducting of
such individual studies significantly facilitates the
study of the total work of the machine. These
studies can be considered as complementing and
clarifying the studies of the total work of the
machine.

The results of the study are applicable to the
development, design and dimensioning of new
machines of this type, as well as to reconstruction
and modernization of the existing ones. These
results can be used for analysis and optimization of
the operation of the machines in order to increase
their reliability.
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N3CINEOBAHE HA HAKOU OT XAPAKTEPUCTUKUTE HA AUHAMUYHOTO
HATOBAPBAHE HA ENIEMEHTUTE HA PEXELLUA MEXAHU3BM HA
XOPU3OHTAJTHN ®YPHUPHU MALLUUHA

Feopru Bykos
INecotexHunyecku yHuBepcuteT, Cochusna

Pestome

B HacToswarta pa60Ta ce unscneagBat HAKOM OT OCHOBHUTE XapaKTepuUCTUKM Ha AWHaAMUYHOTO HaToOBapBaHe Ha
efleMeHTUTEe Ha pexewuna MexaHU3bM Ha XOpU3OHTallHaTa cbypHleHa MalluHa No BpPemMe Ha HenHaTa pa60Ta.
Pasrnexxga ce W3MEHEHMETO Ha OTAENHUTE CUMu, d)OpMVIpaLIJ,M TOBa HaToBapBaHe. Cnen ToBa ce pasrnexaa
CbBMECTHOTO MM OEeNcTBue. ,D,e(bVIHMpaT ce oTaenHu nepunogun B OEencTBMeTo Ha HaToBapBaHETO C TOYHO onpeaeneHn
XapakTepuUCTUkn U NpoabITKUTENTHOCT. Mo TO3M HauuH pasrnexgaHoTto HaTtoBapBaHe YCIIOBHO MOXe [a Cce pa3aesim Ha
YacTu C Len HeroBOTO MO-MbJIHO U TOYHO M3cnedBaHe. 3agbnbOO4EHOTO u3cneaBaHe Ha OTAENeH nepuoa ocurypssa
Bb3MOXHOCT eTalnHo Aa ce aHanumsumpar NpeanocTaBkuTe 3a Bb3HMKBAHE Ha MOBULLEHO HaTOBapBaHe BbB BPb3ka C
KOHKpeTHa npuynHa. TakmBa OTAENHW KU3cnedBaHMs ca OT HeCbMHeHa nons3a W nognomaraT NpoBeXOaHeTo Ha
n3cneaBaHunAa Ha uAanocTHaTa paGOTa Ha MexaHun3ma. PeSyJ’ITaTVITe OT n3cneaBaHeTo ca NpUnoXxnmum npu pa3pa60TBaHe,
NPOEeKTMpaHe U opas3MepsiBAHE Ha HOBU MalUMHM OT TO3W Tun. Te ca MonesHun u npu PEKOHCTPYKUMATa "
MoAepHu3aunaTa Ha BeYe CbuleCTByBalln TaKuBa. Tesn pe3yntath MOXe Oa ce u3nons3eatr U 3a aHanms w“u
onTMMnsnpaHe Ha pa60TaTa Ha MallMHU C KOHKPETHW NapaMeTpu npn pasrindHu pa6OTHVI pexnmn.

KniouoBu AyMu: XOpr3oHTanHa ypHUpHa MalluHa, pexeLl, MEXaHU3bM.



