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Abstract
The size of wood is reduced by splitting or chipless cutting whilst logging trees, limbing, or preparing wood to be a fuel, 
for example, or in order to improve the efficiency of wood drying processes. Low costs of wood processing are desirable in 
each of these processes. The article presents experimental and simulation tests run in ABAQUS software, which allow for an 
analysis of the geometry of cutting tools used during the splitting or chipless cutting of wood in order to determine the cutting 
force and driving force of the machine executing such a process. The tests involved wood of Pinus sylvestris L. (moisture 
content: 8.74% ± 0.1%) in four configurations (chipless cutting transverse to the fibres (90°–90°), splitting along the fibres 
(0°–90°), splitting radially to the grain (90°–0°) and splitting tangentially to the grain (90°–0°)). Analysis of the force and 
strength of the blade proved that an effective tip angle of the knife blade falls between 30° and 45°. The presented results 
also suggested that splitting wood along the fibres (0°–90°) is preferable in a machine process, while splitting tangentially 
and radially to the wood grain (90°–0°) is preferable when splitting wood using manual tools.

1 Introduction

As indicated by archaeological discoveries, tools for split-
ting wood have been known to mankind since the Stone Age 
(Kriiska et al. 2013). Even back then, their shape already 
displayed an acute angle of the cutting edge (Fig. 1a). Vari-
ous shapes of tools for the splitting and chipless cutting of 
wood have been developed over the years (Fig. 1). Generally, 
all of the presented geometries allow for the splitting and 
cutting of wood. However, the design of modern tools and 
machines for wood processing should be aimed at reducing 
the energy consumption of the process (Spinelli et al. 2015; 
Orłowski et al. 2020; Warguła and Kukla 2020) as well as 
the impact on the environment (Manzone 2015; Prada et al. 
2015; Spinelli et al. 2018) and machine operators (Magag-
notti et al. 2014; Gulci et al. 2018; Licow et al. 2020). These 
requirements can be achieved when designing machines by 
changing the construction of cutting mechanisms (Spinelli 

et al. 2015; Reczulski 2018; Flizikowski et al. 2021) or by 
changing the method and type of fuel used to power the 
drive units of the machines (Prinz et al. 2018; Warguła et al. 
2020a, b), for example. Amateur manual tools or industrial 
wood splitting machines prevail among splitting machines 
(Tajboš and Lukáč 2015). One characteristic part of such 
machines is the splitting wedge. A similar cutting mecha-
nism is used when chiplessly cutting wood, which is becom-
ing increasingly popular in silviculture due to the use of 
harvesters equipped with specialised heads enabling the 
process of such cutting (Harvánek et al. 2021). The design 
of machines which process wood by dividing it into parts, for 
example chopping, shredding, cutting or splitting, requires 
a trade-off between two parameters related to the blade of 
the cutting mechanism. The first one is the durability of the 
blade, while the second one is the cutting or splitting force. 
A blade shape, which reduces the cutting force, is typically 
not very durable, and vice versa, the tools with a shape that 
increases durability also increase the cutting force.

Research is underway on the geometry of blades that 
would be durable and consume less energy during the pro-
cesses of wood splitting and chipless cutting. Kováč et al. 
(2014) investigated the impact of the shape of the splitting 
wedge of a horizontal wood splitter on the driving force. 
This research indicated that the shape of the blade has a 
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major impact on the energy consumed when splitting wood. 
Changing the shape can limit the energy consumption by 
50%, with a simultaneous increase in the tendency for the 
blade to blunt and bend. This research was based on experi-
ments, a fact which contributes to the limited number of 
the studied cases. Tajboš and Lukáč (2015) studied wood 
splitting mechanisms that were adapted for vehicles with 
hydraulic propulsion, analysing how the cross-section of a 
log affects the wood splitting duration while it is split. They 
reported that the average wood splitting duration increased 
along with the cross-section of the wood; however, this 
measurement displayed a wide range of values, which may 
suggest that this is not the primary factor affecting this 
parameter. Erber and Stampfer (2020) investigated factors, 
which affect the efficiency of splitting large wooden logs. 
They found that wood defects lowered the efficiency of the 
splitting process by approximately 32%. The use of splitters 
will primarily split wood parallel to the growth of its fibres. 
On the other hand, the method of chipless wood cutting is 
also being developed; it is characterised by the blade moving 
perpendicular to the growth of wood fibres. Harvánek et al. 
(2021) analysed the cutting force for chipless cutting using 
various tools. They indicated that the most preferable blade 
thickness is 10 mm, with a cutting edge angle of 30°. Such 
a blade demonstrated the least wear, but at the same time, 
it required the highest driving force. The research took an 
experimental approach, and the most preferable thickness of 
the blade (10 mm) was the thickest among those tested. This 
suggests that a broader examination of this type of tool may 
provide new conclusions. Studies on the influence of the 
material or tool on woodworking processes—also processes 
of reducing the size of wood—can be found in the research 
by Hatton et al. (2015), who described the cutting force 
when cutting branches of various diameters, or Melicherčík 

et al. (2021), who investigated the cutting force during the 
limbing processes.

The analyses of the geometric properties of wood split-
ting and cutting tools available in the literature are based 
on experimental tests with a limited scope. This indicates 
that it would be preferable to develop a research methodol-
ogy for these tools based on numerical tests (FEM), which 
would allow for an analysis of a wide spectrum of geometri-
cal properties of the tools. Such research is being devel-
oped in order to test the material properties of wood and 
its resistance to wood splitting (Ostapska and Malo 2021a, 
b); however, such methods cannot assess the influence of 
working tools on the processes of splitting wood. The pro-
cedure during the creation of such a research methodology 
is based on the results of the experiment (Ostapska and Malo 
2021a), followed by recreating it under the conditions of 
numerical methods, for example the finite element method 
(FEM) (Ostapska and Malo 2021b), to support streamlined 
engineering methods for testing wood. Prediction of the cut-
ting force is a basis for machine design and still a valid trend 
in science, especially in terms of designing innovative tools 
(Gochev et al. 2018; Chuchala et al. 2020; Wellenreiter et al. 
2021).

The article presents the results of experimental tests 
where pine wood (Pinus sylvestris L.) was split and chip-
lessly cut using three blade shapes (with tip angles α of 30°, 
60° and 120°). Based on the experiments and a material 
model of wood (Warguła et al. 2021) created in the soft-
ware program ABAQUS Standard 2020 in an elastic–plas-
tic range, a simulation model was developed to analyse the 
influence of the geometrical parameters of a blade on its cut-
ting force. When multiplying the cutting force by the blade 
speed, it is possible to determine the power necessary to 
cut wood. Such information can be useful when designing 

Fig. 1  Shape of wood splitting tools—a Stone Age tools (based on Kriiska et al. 2013) and modern tools—b a simple splitting wedge; c, d a 
refracted splitting wedge; e a concave splitting wedge; f a convex splitting wedge
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energy-efficient machines for reducing the size of wood. The 
purpose of the article is to determine an effective shape of 
the tip angle of the blade and to establish wood splitting 
directions preferable for machine splitting and for using 
manual tools.

2  Material and methods

2.1  Materials and methods—the experiment

The measurements in this study were done on pine wood 
(Pinus sylvestris L. Sp. Pl. 1000, 1753—Scots pine) avail-
able for commercial sale in Poland. Research by Chuchala 
et al. (2014) shows that the place where the tree grows is of 
great importance for the properties of the wood; the exam-
ined wood came from the Polish State Forests, Złotkowo 
Forest District, Suchy Las. It consisted of samples acclima-
tised for six months at 20 °C and relative humidity (RH) of 
about 46%, so that they reached a moisture content (MC) of 
8.74% ± 0.1%. A climatic chamber was used for this pur-
pose. The MC was checked with a Mettler Toledo moisture 
analyser during conditioning, until the desired value was 
obtained. The measurement consisted of precisely weigh-
ing the sample (± 0.001 g) and simultaneous drying (change 
of MC from the measured value to oven-dry). The average 
density of the tested samples was 450 kg  m−3 ± 5%. The 
samples were cut mechanically from timber free of defects 
such as knots, rot, etc. They were made from selected logs in 
order to obtain representative and reproducible test results. 
Due to the anisotropic properties of pine wood, which can 
be approximated by orthotropic properties (in lengthwise, 
tangential and radial directions), the tests were performed 
with four different wood splitting or chipless cutting direc-
tions (A–D), which are presented in Fig. 2.

The tests of splitting and chipless cutting of wood were 
performed with cutting tools presented in Fig. 3. The tests 
were performed for: steel blades with tip angles α of 30°, 
60°, 120° and cutting edge radius (0.1 µm). The blades were 
made with a positive deviation from the nominal size (20 
k6), while the samples were made with a negative devia-
tion from the nominal size (20 h6). This made it possible 
to analyze the cutting process, without taking into account 
the secondary effects that could arise at the tip of the blade 
only in the case of samples that were subject to significant 

Fig. 2  Types of specimens subjected to splitting or chipless cutting, 
with the line of contact between the blade and the wood: a chipless 
cutting transverse to the fibres (90°–90°); b splitting along the fibres 
(0°–90°); c splitting radially to the grain (90°–0°); d splitting tangen-

tially to the grain (90°–0°), in brackets the directions of cutting are 
indicated in accordance with the directions of wood fiber according to 
Kivimaa (1950)

Fig. 3  Shape of cutting tools used in the experiments with various tip 
angles: a α = 30°; b α = 60°; c α = 120°
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deformation before splitting or cutting. The blade was new 
and made of HARDOX steel, type 500, with the edges not 
rounded. The roughness of the blade surface for the arithme-
tic average of profile height deviations from the mean line 
(Ra) was equal to 1.472 ± 0.277 µm, and the highest rough-
ness according to maximum peak to valley height of the pro-
file for 10 highest profiles (Rz) was equal to 8.14 ± 1.1 µm.

The test involved pushing a knife with a given shape 
into wood samples with a specific speed until they were 
destroyed (Fig. 4). During such an experiment, changes in 
the values of force and displacement were recorded over 
time. Seven repetitions were performed with a single blade, 
and the five most similar results were selected for the analy-
sis. The tests were carried out on an MTS Insight testing 
machine with a 50 kN load cell, at a temperature of 25 °C 
and with a relative humidity of 40%. The strain rate for each 
of the cases was 0.02 mm/s.

2.2  Materials and methods—simulation

The simulation was done with a material model developed 
by the authors, which is presented in detail in another scien-
tific publication (Warguła et al. 2021), which also compared 
the results of modelling and experimental studies, indicating 
that the average accuracy of the model in determining the 
maximum breaking force of the material is 8% (14% for the 

tensile test, 2.5% for compression and 6.5% for shearing). 
The analysis was performed in ABAQUS Standard 2020, 
in an elastic–plastic range. This software also performed a 
simulation that allowed the impact of geometrical param-
eters of the blade on the value of the cutting force to be 
analysed. The construction of the simulation model is pre-
sented in Fig. 5.

The model consists of two elements: a blade with 
a variable tip angle α and a wooden cube measuring 
20 × 20 × 20 mm that takes into account approximated ortho-
tropic properties (in lengthwise, tangential and radial direc-
tions). In the model, the wooden cube was mounted on the 
bottom surface, while kinematic excitation in the form of 
a constant speed (vy = 0.5 mm/s) was applied to the blade, 
considered as a rigid body. The tests were performed for a 
very low speed, maintaining a quasi-static nature, so as to 
minimise the impact of speed on the test and to focus on the 
impact of blade geometry. Despite that for such a low speed 
the above mentioned impact of speed should be neglected, 
not like for a high cutting speed, where the impact of speed 
is crucial (Dvoracek et al. 2021), it may slightly affect the 
material deformation and the influence of the blade geom-
etry, which is why the velocity was drastically minimized. 
The value of the splitting force FS (force of reaction at the 
reference point RP1) was derived from the analysis as a 
function of the displacement x.

Fig. 4  Examples of destroyed samples: a chipless cutting (α = 30°); b splitting radially to the grain (α = 60°); c splitting along the fibres 
(α = 30°); d splitting along the fibres (α = 60°)
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The properties of the material were defined using the 
model presented in an article by Warguła et al. (2021). The 
density of the material was defined as 450 kg/m3. The elas-
tic properties were modelled using 9 engineering constants 
presented in Table 1 in order to gain orthotropic proper-
ties of the wooden cube. The modelling for the breakage 
of the material used the ‘Fail stress’ sub-option, where 
data for each of the directions were entered in accordance 
with Table 2. The experimental curves and their approxi-
mations, presented in Fig. 6, were used to model plastic 
properties with isotropic reinforcement. This property was 
defined in the ‘Potential’ sub-option as a unit tensor. To 
reflect the cooperation of the blade with the material being 
split, the contact between the cutting edge of the blade 
and the wood was modelled by setting the coefficient of 

friction µ at 0.25 in a tangential direction and selecting 
the ‘Hard contact’ property, preventing penetration in a 
normal direction (Kretschmann 2010; Aira et al. 2014). 
The C3D8R finite elements were also used in this study 
and the size of each element was 1 mm. The nodes on the 
cutting edge of the tool were adjusted with the nodes of the 
elements on the wooden cube at the beginning stage of cut-
ting. By default, for the element deletion, the upper bound 
to all damage variables at a material point was set as 1.

To determine the state of stress in the blade, the rela-
tionship between the geometrical parameters of the blade 
and the load and cross-sections, or surfaces subjected to 
load was analysed (Fig. 7).

The following relationships were established based on 
this analysis:

Fig. 5  Construction of the MES simulation model in the ABAQUS environment

Table 1  Engineering constants used to model the elastic properties of dry wood in ABAQUS

Mechanical parameters Young’s moduli Poisson’s ratios Shear moduli

E1 [MPa] E2 [MPa] E3 [MPa] ν12 [-] ν13 [-] ν23 [-] G12 [MPa] G13 [MPa] G23 [MPa]

Engineering constants 3218 314 162 0.332 0.365 0.384 372 390 114

Table 2  Stresses used for modelling damage in ABAQUS

Type of mechanical parameters Tensile breaking stresses Compressive breaking stresses Shear break-
ing stresses

Direction of application Along the fibres 
�dt_fib[MPa]

Transverse to the fibres 
�dt_trv [MPa]

Along the fibres 
�dc_fib [MPa]

Transverse to the fibres 
�dc_trv [MPa]

�ds

[MPa]

A (90°–90°) 3.28 4.36 4.98 3.36 8.07
B (0°–90°) 3.28 4.36 76.39 51 4.15
C (90°–0°) 76.39 51 4.98 3.36 14.93
D (90°–0°) 76.39 51 3.28 4.36 11.65
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(1)y = 2x tan
�

2

(2)L =

x

cos
�

2

(3)FN = Fs sin
�

2

where Fs is the splitting force, FN is the normal force, �c is 
the compressive stress, pcon is the contact stress, � is the tip 
angle of the blade and x is the depth of blade penetration.

3  Results and discussion

Figures 8, 9, and 10 present the results of simulation and 
experimental tests for blades with tip angles α of 30°, 60° 
and 120° in all four directions. When analysing the results, 
it can be seen that the resulting characteristics varied greatly, 
though the value of maximum splitting force was similar. 
Considering the purpose of this analysis, such a model 
serves in the assessment of the maximum splitting force, 
and as a result it can be used for establishing demand for 
the cutting or splitting power. In the case of directions C 
(90°–0°) and D (90°–0°), the values for all three angles were 
almost identical.  

In the case of direction A (90°–90°), considerable dis-
crepancy can be observed for lower angles. In the case of 
direction B (0°–90°), the situation was opposite—there was 
high discrepancy for higher angles. Direction A (90°–90°) 
corresponded to cutting rather than splitting—it requires a 

(4)�c =
Fs

b ⋅ y

(5)pcon =
FN

b ⋅ L

Fig. 6  Plasticity model used in the test – experimental and approximating curves for sample A (90°–90°), B (0°–90°), C (90°–0°), D (90°–0°)

Fig. 7  The tool—geometrical parameters and blade load distribution
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large deformation to break the sample, and thus the most 
force; therefore, it is not as important during the splitting 
process. Due to the growing discrepancy at high angles, the 
applicability of the model has been limited to a range of 
α ≤ 15° ÷ 120° > , which is sufficient, since the use of higher 

tip angles leads to crushing wood (as in the production of 
hog fuel, in which wood is crushed with blunt tools (Alakan-
gas et al. 2006; European Standard EN ISO 17225–1:2014; 
Nati et al. 2015)) instead of cutting or splitting it.

Fig. 8  Results of simulation (solid line) and experimental tests (dashed line) for a blade with a tip angle α of 30° for samples: a  A (90°–90°); b 
B (0°–90°); c C (90°–0°) and d D (90°–0°)

Fig. 9  Results of simulation (solid line) and experimental tests (dashed line) for a blade with a tip angle α of 60° for samples: a  A (90°–90°); b  
B (0°–90°); c  C (90°–0°) and d  D (90°–0°)
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The percentage difference in the values of the results of 
the experimental and simulation tests is presented in Fig. 11. 
It can be observed that the arithmetic mean difference in the 
results is at the level of 15%. The divergence between the 

force characteristics obtained from simulations and experi-
ments is caused by the simplification of using an orthotropic 
approach to wood material modelling, which is in reality 
the anisotropic material. Additionally, the wooden cube is 

Fig. 10  Results of simulation (solid line) and experimental tests (dashed line) for a blade with a tip angle α of 120° for samples: a  A (90°–90°); 
b  B (0°–90°); c  C (90°–0°) and d  D (90°–0°)

Fig. 11  Comparison of the differences in the results of experimental and simulation research
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modelled as a homogenous material without taking into con-
sideration the grains and the damage model does not take 
into account the fracture on the division surface between 
grains. Nevertheless, if we consider that the peak value of 
the cutting force is a crucial information in tool optimiza-
tion, we can consider the presented model as useful enough. 
Although, above mentioned aspects could be improved to 
make the model more precise and accurate.

Figure 12 presents the simulation results for a blade with 
a tip angle of 60° splitting in all four directions, taking into 
account the breaking deformations that result from experi-
mental tests (7 mm, 3.5 mm, 1.5 mm and 1.8 mm for direc-
tions A (90°–90°), B (0°–90°), C (90°–0°) and D (90°–0°), 
respectively). Based on these results, it can be concluded 
that machine splitting of wood along the fibres (direction 
B (0°–90°)) is the most preferable, since it requires the 
least force despite requiring more deformation than split-
ting tangentially or radially to the wood grain (directions 
C (90°–0°) and D (90°–0°)). Although the force in these 
directions increased the fastest, quick breakage causes 
demand for considerably less force to break down wood 
than doing so transversely to the fibres (90°–90°) (chipless 
cutting requires the most deformation). This is why wood 
is usually split in this direction using the manual method, 
since it requires the least work (the product of force and 
displacement). The relationships described in the literature 
are based on the research methodology for machines and 
tools, or in patent descriptions. Manually operated tools used 
to split wood are mainly proposed or tested for work with 

wood tangentially or radially to the wood grain (90°–0°) 
(Mutin 1994; Päivinen and Heinimaa 2009; Gregg 2015). 
Most commercial machine splitters with a splitting wedge 
were also proposed and tested in that regard (Albright 2006; 
Biberger 2012; Kováč et al. 2014), but there are some that 
process wood along the fibres (0°–90°). Machines for split-
ting wood along the fibres (0°–90°) typically have a conical 
auger for splitting wood (Ober 1978; York 1983; Wentzell 
1987; Bolton 2006; Erber and Stampfer 2020). Tests for 
breaking down wood transversely to the fibres (90°–90°) 
are mainly conducted on the heads of harvesters used for 
chipless cutting (Bergström and Di Fulvio 2014; Harvánek 
et al. 2020; Gao et al. 2021) or for limbing heads (Gerasimov 
et al. 2012; Mederski et al. 2018; Melicherčík et al. 2021). 
Figure 13 presents a simulation of the process of splitting 
wood in direction B (0°–90°), while Fig. 14 presents a simu-
lation of splitting and chiplessly cutting wood in each of 
the four directions, where a difference can be observed in 
the moment that the sample breaks, in accordance with the 
characteristics presented in Fig. 12.  

Figures 15 and 16 present the results for splitting along 
the fibres (0°–90°) for all the blades under study with vary-
ing tip t angles. Based on these results, it is apparent that 
in the initial phase the increase in force is identical, and 
that not until a certain blade penetration value is exceeded 
(the higher the angle, the earlier) that it deviates from the 
reference characteristics, which means a higher value of the 
maximum splitting force. It should be noted that for an angle 
of 15°, the force drops near the end. This indicates that it is 

Fig. 12  Results of simulation tests for a blade with a tip angle α of 60° for samples A (90°–90°), B (0°–90°), C (90°–0°) and D (90°–0°)
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Fig. 13  Progress of the test for splitting wood using a blade with a tip angle α of 60° in direction B (0°–90°)

Fig. 14  Results of simulation tests for a blade with a tip angle α of 30° for samples: a A (90°–90°) ; b B (0°–90°); c C (90°–0°) and d D (90°–0°)
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Fig. 15  Results of simulation tests for blades with various tip angles α for splitting direction B (0°–90°)

Fig. 16  Results of simulation tests for blades with various tip angles α for splitting direction B (0°–90°)
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not reasonable to use blades below 15°, since they are less 
durable without changing the maximum force.

A maximum splitting force resulting from simulation tests 
in all splitting directions and all the analysed tip angles of 
the blade is presented in Fig. 17, in the form of experimental 

and approximated functions  FS(α). In the case of directions 
A (90°–90°) and B (0°–90°), there were quite unambigu-
ous relationships described by a quadratic and linear func-
tion, respectively. In the case of directions C (90°–0°) and 
D (90°–0°), these relationships were more ambiguous; 

Fig. 17  Relationship between the maximum splitting force and the tip angle of the blade α for samples A (90°–90°), B (0°–90°), C (90°–0°) and 
D (90°–0°)

Fig. 18  Relationship between the maximum value of compressive stress and the tip angle of the blade α for samples A (90°–90°), B (0°–90°), C 
(90°–0°) and D (90°–0°)
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however, they can still be quite precisely approximated by 
a second-order curve. When analysing the results, it can be 
observed that for tip angles lower than 45° there is a slight 
force increase (except direction A (90°–90°)) with an almost 
constant force when splitting the wood radially or tangen-
tially to the rings (directions C (90°–0°) and D (90°–0°)).

To be able to perform a full functional analysis of the 
tested blades, compressive stresses (Fig. 18) and contact 
stresses (Fig. 19) were also listed as a function of the vari-
able tip angle α. The highest values of the compressive 
stress were obtained for splitting directions C (90°–0°) 
and D (90°–0°), which can be explained by the high force 
for little blade penetration. The lowest value of the com-
pressive stress was recorded in the range of 45°–60°, 
amounting to approx. 30 MPa. In the case of a dynamic 
zero-pulse load, this seems to be a reasonable value when 
using carbon steel, due to the fatigue limit. In directions A 
(90°–90°) and B (0°–90°), only a slight force increase was 
noted for the lower angles, which once again proves the 
advantage of splitting along the fibres during a machine 
process.

When analysing the contact stresses, one can notice an 
increase along with an increasing tip angle. A considerable 
increase occurred at angles higher than 45°, even up to a 
value of 18 MPa for direction C (90°–0°) (at lower angles, 
the contact stresses did not exceed 4 MPa).

When comparing an analysis of the force and stresses 
in devices for splitting wood mechanically, it is recom-
mended to use blades with a tip angle between 30° and 

45°. It should also be noted that buckling of the blade 
can additionally occur at lower tip angles of the blade. A 
similar angle of wedge (35°), which lies in the specified 
range, was used by Kováč et al. (2014) during the simple 
wood splitting tests.

4  Conclusion

Based on the analysis, the model used in this study can 
be deemed useful for determining the wood splitting and 
cutting force, and thus for determining the power require-
ments of machines which split and chiplessly cut wood. 
Based on an analysis of the force and durability of the 
blade, a blade with a tip angle of 30°–45° was found to be 
an efficient solution. The results also indicate that split-
ting wood along its fibres (0°–90°) is the most preferable 
in a machine process, while splitting wood tangentially 
or radially to the grain (90°–0°) is more preferable in a 
manual process. The splitting force for two different direc-
tions of splitting can be greater than 300%, which shows 
the importance of positioning the wood in the splitting 
machine and how it can affect its exploitation.

Based on the obtained results, by using such simplified 
model to perform an analysis, which will result in design-
ing the tool for wood splitting an increased safety factor 
should be taken into consideration due to the estimated 
mean error of 15%. The advantages of such model are low 
computational time of analysis and ease of implementation. 

Fig. 19  Relationship between the maximum value of contact stress and the tip angle of the blade α for samples A (90°–90°), B (0°–90°), C 
(90°–0°) and D (90°–0°)
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However, one has to be aware that for a selected direction 
the divergence between experimental and simulation results 
may exceed 50% due to the anisotropy of wood and com-
plex damage mechanics on the wood grains. It shows the 
direction for the future research in this area. Additionally, 
in the future, this research will be extended to more com-
plex geometries of splitting wedges- or multi-blade splitting 
wedges in order to establish which splitting wedges are most 
efficient.
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