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Abstract 

The work presents a study on the formation of variable inertia forces of the tool slide of the carved veneer machines. 
An analysis of the reasons for the generation of these forces on considered component of the machine is conducted. The 
cause for appearance of the variable inertia forces is the variable acceleration of the tool slide. The considerable mass of 
the tool slide and its high-speed operation determine large amplitudes of these forces. A dependency is deduced in this 
study. It shows that the generated at work inertia forces of the tool slide of the carved veneer machines include two periodic 
components. The first component has a frequency equal to that of rotation of the flywheels, and the second component 
has a frequency equal to their doubled frequency. The amplitudes of the two components depend on the mass of the tool 
slide, the rotational speed of the flywheels raised on the second power and the geometric parameters of the elements of 
the mechanism. The results of the study are applicable to the development, design and dimensioning of new machines of 
this type, as well as 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 high quality requirements of manufacture 
veneer demand extensive research on the dynamic 
processes at work of the carved veneer machines [6, 
9]. One of the main topics of the dynamics of these 
machines is the study of inertial forces formed in the 
elements of their mechanisms during the work. The 
presence of significant inertia forces leads to addi-
tional loading on the mechanism as well as on the 
whole machine. This refers to cases in which the 
formed inertial forces are variable over time and 
have significant values. As a result, some working 
regimes may lead to disturbance of the normal oper-
ation of the mechanism, and this affects the accu-
racy and quality of production, and also results in in-
crease of generated noise and vibration [7, 8]. The 
resulting additional stresses associated with variable 
inertia forces, reach levels in which some of the ele-
ments of the mechanism can be damaged or even 
destroyed. 

Carved veneer machines generally work large-
sized wood that is motionless during cutting process 
[4]. This suggests using a massive cutter worn by 
corresponding correctly dimensioned tool slide as a 
cutting tool. The cutter along with the tool slide does 
rectilinear reciprocating movement during the oper-
ation. The realization of this movement happens 
when sliders, which move on guides, are attached to 
the tool slide. They are also massive because they 
have to ensure the stability of the movement of the 
tool slide. It is clear that the tool slide of the carved 
veneer machines, together with its jointed parts, has 
considerable mass. 

The tool slide does rectilinear reciprocating 
movement during the operation, as it is written 
above. It is known that variable velocity and variable 
acceleration of the moving body are typical for this 

movement. The variable velocity of the tool slide can 
affect the cutting process and as a result, can 
change the quality of the produced veneer. The var-
iable acceleration inevitably leads to the formation of 
variable inertia forces [1, 5]. The considerable mass 
of the tool slide can be a reason for these forces to 
reach large values. 

It turns out that it is particularly important to 
study and analyze the formation of the inertia forces 
in the machine. Therefore, it is necessary to do a de-
tailed examination of the work’s manner of the whole 
cutting mechanism of the carved veneer machine. 
Specific working impacts on individual machine’s el-
ements are important too [3]. 

The aim of this study is to investigate the for-
mation of variable inertial forces on the tool slide of 
the carved veneer machines and to obtain analytical 
dependences to determine these forces. This pro-
vides an opportunity to analyze the characteristics of 
their variations as well as to determine the size of 
their amplitudes. This is important for the develop-
ment, designing and dimensioning of new machines 
of this type and also in the reconstruction and mod-
ernization of the existing ones. 

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. 
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Fig. 1. Carved veneer machine - general view 

The general scheme of this kind of carved ve-
neer machines is shown in fig. 2 [2]. All its funda-
mental elements are included. The drive of the tool 
slide by the flywheels and the connecting rods is 
shown with dotted lines. 
 

 
Fig. 2. Scheme of a veneer machine 

1 – electric motor; 2 – belt drive; 3 – gear drive;  
4 – flywheels; 5 – connecting rods; 6 – tool slide; 7 – guides. 

Fig. 3 presents a scheme only of the drive of 
the tool slide by the connecting rods and the fly-
wheels. The numbering of the elements corresponds 
to that in Fig. 2. 
 

 

Fig. 3. Scheme of the drive of the tool slide 
α, β – rotation angles; хН – current coordinate of the tool 

slide; Axy – fixed coordinate system; 4 – flywheel;  
5 – connecting rod; 6 – tool slide; 7 – guides. 

The collaboration of the elements of the drive 
of the tool slide is considered in the following reason-
ing. The electric motor 1 drives the flywheels 4 
through the belt drive 2 and the gear 3 (Fig. 2). There 
is symmetry in the position and in the work of the 
flywheels and the connecting rods. Therefore, the 
next Fig. 3 shows only one of the symmetrical parts 

of the mechanism. It is assumed that the flywheel 4, 
rotates right (in clockwise) around the axis passing 
through its center (point O) with a constant angular 
velocity ω. The flywheel drives the connecting rod 5, 
which in turn drives the tool slide 6. The connecting 
rod moves in one vertical plane. The tool slide per-
forms a rectilinear reciprocating movement upon the 
guides 7. 

A preliminary analysis of movement’s charac-
teristics and magnitudes of the masses of the partic-
ular elements of the tool slide’s drive is needed to 
study the formation of the inertia forces. The con-
ducted analysis shows that the greatest interest from 
this perspective represents the tool slide. The rea-
sons are its large mass and its uneven rectilinear re-
ciprocating movement. These factors are a prereq-
uisite 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 an uniformly rotation move-
ment and are usually well balanced. That is why their 
inertia forces are not considered in this study. 

The movement of the tool slide is investigated 
by introducing a fixed coordinate system Axy, as it is 
shown in Fig. 3. The origin of the coordinate system 
(point A) is on the left end position, which can take 
the tool slide. The x axis is parallel to the guides, i. 
e. it is in the direction of displacement of the tool 
slide. The y axis is perpendicular to this direction. 

The moving of the tool slide can be represented 
as a function of the rotation angle α of the flywheels 
and the associated with it angle of rotation of the 
connecting rods β by the dependence 

 ,coscos  HBOBHBOBxH   (1) 

where OB  is the distance from the axis of ro-
tation of the flywheels to the point of attachment of 
the connecting rods (Fig. 3); 

HB  – the length of the connecting rods. 

The angles α and β take part in the obtained 
relation (1). The relationship between the two angles 
can be used to facilitate the study of this depend-
ence. Fig. 3 shows that it can make the connection 

 .sin.sin  HBOB   (2) 

Therefore 
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Substituting (4) into (1) gives 
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Dependence (5), which is received after the 
above process, now includes only one angle α. But 
a careful analysis of this dependence shows that it 
proves awkward for further research aimed at prac-
tical calculations. The reason for this is the fourth ad-
dend in this dependence. This addend contains the 
square root. The study of the deduced dependence 
can be done easier as the square root is represented 
by means of the dependence 
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The dependence above is valid only when the 
next condition is fulfilled 
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The condition (7) refers to the ratio of the geo-
metrical dimensions of the respective elements of 
the mechanism and practically is always satisfied at 
studied carved veneer machines. 

Substituting equation (6) into equation (5) gives 
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After simple processing this equation takes the 
form 
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The rotation angle α is a function of the angular 
velocity ω of the flywheels and the time t, (i. e. α = 
ωt), so the above dependence can be presented in 
this way 

 ,sin
2

)cos1( 2
2

t
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The obtained equation (11) represents the law 
of motion of the tool slide of studied carved veneer 
machine. Subsequent studies require the determina-
tion of the velocity and acceleration of the tool slide. 
This can be done as the equation (11) is differenti-
ated twice with respect to time. The equation can be 

recast in advance with the help of dependence, often 
used in trigonometry 

 .2/)2cos1(sin2 tt     (12) 

Equation (12) is substituted in (11) and after 
some processing the law of motion of the tool slide 
takes the form 
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Differentiation with respect to time of (13) gives 
the velocity of the tool slide. This velocity is 
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Acceleration of the tool slide is obtained after 
differentiation with respect to time of (14). It is 
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Acceleration of the tool slide, defined above, 
makes it possible to determine and explore inertial 
force of this element of carved veneer machine. This 
force is 

 
),2cos

(cos2

t
HB

OB

tOBМaМФ НHНН








 (16) 

where МН is the mass of the tool slide put to-
gether with affiliated elements. 

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 in-
cludes connecting rods with a greater mass, it ap-
pears appropriately a part of their mass to be added 
to the mass of the tool slide MH and the equation (16) 
can be used again. 

Analysis of the dependence (16) shows that the 
generated inertia force of the tool slide of the carved 
veneer machines during the work is variable. It in-
cludes two periodic components. The first compo-
nent has a frequency equal to that of rotation of the 
flywheels, and the second component has a fre-
quency equal to their doubled frequency. The ampli-
tudes 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 sec-
ond power and the geometric parameters of the ele-
ments of the mechanism. 
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Conclusions and recommendations 

The results of the study indicate that a variable 
inertial force inevitably appears during the work of 
the carved veneer machines and it acts on the tool 
slide. The dependence obtained in the study shows 
that the inertial force includes two periodic compo-
nents with different frequencies. This dependence 
allows calculating the amplitudes of inertia force for 
a concrete machine. 

The results of the study are applicable to the 
development, design and dimensioning of new ma-
chines 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 op-
eration of the machines with specific parameters at 
the different operating regimes. 
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