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Wood-based Boards Mechanical Properties and Their 
Effects on the Cutting Process during Shredding 
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In order to design effective shredding machines dedicated to shredding 
wood-based waste, information about the mechanical properties of 
materials subjected to shredding is necessary. A number of mechanical 
properties of particleboard, oriented strand boards, and medium-density 
fibreboards in the aspect of shredding process have been experimentally 
determined in the article. The influence of material type, blade geometries, 
and cutting depth on cutting force and elasticity coefficient were analysed. 
Blade geometries reflect different phases of rotation of the cylindrical wood 
chipper’s knife. It has been shown that a knife with the most favourable 
geometry is characterized by the lowest values of the stiffness coefficient 
for each of the materials. This is the geometry of the cylindrical wood 
chipper’s knife exactly halfway into the cutting process. By contrast, the 
least favourable geometry is characterized by a knife corresponding to the 
beginning of the cutting process. Among the tested materials, the medium 
density board requires the most energy to change its structure, and the 
laminated particleboard requires the least. The presented results can be a 
set of input data necessary to model the work required to implement the 
cutting process, but also enable validation of existing cutting models. 
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INTRODUCTION 
 

Wood-based materials and their composites are used in an increasing number of 

industries. First of all, they have been used in the furniture (Mirski et al. 2017), packaging 

(Nassef et al. 2018; Palka and Tutak 2018), and construction industries (Heidari et al. 

2019), in which they constitute the low-emission construction sector (Hildebrandt et al. 

2017). Wood-based materials consist mainly of wood chips and dust covered with, for 

example, PVC laminates (Narlıoğlu et al. 2018), laminated with thermally compressed 

veneer (Buyuksari 2012), décor paper, and resin/impregnated décor papers (Istek et al. 

2010) or coated with veneers and continuous press laminates (Nemli and Çolakoǧlu 2005). 

The most commonly used furniture materials are plywood and particleboard, the latter of 

which includes oriented strand boards (OSB), as well as low-density (LDF), medium-

density (MDF), or high-density fibreboards (HDF) (Wasielewski 2019). Such materials 

mainly consist of wood fibres and contain up to 10% synthetic additives, such as adhesives 

(Mirski et al. 2020), laminates, varnishes and surface modifiers (Stubdrup et al. 2016; 

Wasielewski 2019). Due to the improvement of a number of their properties, one can notice 

the intensive development of materials from this group towards protective coatings as well 

as additions in the composition (base material core (Kramár et al. 2020)) or subsequent 
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composite coatings. Examples of ways to improve properties in terms of the methods used 

include, but are not limited to, reinforcement by adding reinforced fibre polymers (Kramár 

et al. 2020) or polyvinyl acetate (PVAC) (Kramár et al. 2020). Increasing water and mould 

resistance could be achieved through application of superhydrophobic treatment recipes 

(Wang et al. 2020). Increasing fire resistance has been obtained by using, e.g., composite 

coatings of inorganic nanomaterials with polyelectrolytes (Zhou and Fu 2020), fire 

retardants (Bachtiar et al. 2019), or increasing resistance using carbon-based materials (Seo 

et al. 2016). Increasing the resistance to adverse effects of climatic conditions by, for 

example, impregnating nanocomposites (Lin et al. 2020). There is also a tendency to 

improve the aesthetic value by using laminates, paints, or impregnants (Kržišnik et al. 

2018). This is also intended to reduce prices, provide easier service, better biodegradability, 

or the possibility to reuse in the recycling process (Carvalho Araújo et al. 2019). In 

addition, the composition of wood-based materials is enriched due to the situation related 

to the problems of wood scarcity and forest protection. Thanks to it, techniques for 

implementing winter rape (Gajdačová et al. 2018) or food packaging waste (Nassef et al. 

2018) for the production of wood-based materials are being developed. 

Such a diverse and complex matter as the modern wood-based board is considered 

to be problematic waste and requires appropriate disposal. However, it should be taken into 

account that this waste is characterized by a high content of wood, which is a biodegradable 

component. This may bring additional benefits related to the qualification and settlement 

of produced energy as such, which comes, to some extent, from renewable sources 

(Wasielewski and Bałazińska 2017). The chemical energy contained in such waste can be 

used for energy purposes, such as the production of electricity or heat in various 

technological variants of thermochemical processing, e.g. combustion, pyrolysis, 

gasification, plasma processes, and their combinations (EC-DGE 2003; Król 2008; 

Reczulski 2015; Wasielewski and Bałazińska 2017). Combustion of this type of waste is 

carried out in specially adapted installations, limiting the emission of harmful substances 

into the atmosphere, of which dust, volatile ashes, acid gases, as well as heavy metal 

aerosols cause the greatest concern (Król 2008). Appropriate selection of combustion 

parameters and the use of appropriate flue gas cleaning technology can provide a low-

emission heat source (Król 2008). Modern furnaces used in such processes are adapted for 

combustion of the shredded waste. In addition, shredding waste facilitates its transport 

(Reczulski 2015) and storage (Warguła et al. 2020a), but also supports the technological 

processes of combustion (Macko and Mroziński 2018, 2019; Warguła et al. 2019). Wood-

based materials, despite the prevailing biomaterial content, pose an ecological threat at 

various stages of the product's life cycle. However, as a waste they can be employed as a 

biofuel (Walkowiak et al. 2018), which can be regarded as a low-emission heat source 

(Król 2008) if in the technological process stringent legislative requirements are met 

(Wasielewski and Bałazińska 2017). Effective shredding processes are necessary for such 

management of these materials. 

The goal of designing effective shredding machines and modelling processes 

associated with them is to know the mechanical properties of the shredded materials. The 

availability of a great variety of wood-based materials, additionally expanded by additives 

that change their properties, means that a large number of tests of their physical and 

mechanical properties have been carried out (Pritchard et al. 2001; Ayrilmis et al. 2007; 

Ganev et al. 2007; Akyüz et al. 2010; de Barros Filho et al. 2011; Rydzkowski and 

Michalska-Pożoga 2016; Akyildiz et al. 2018). Among them one can distinguish, research 

in the basic strength of materials field (bending, twisting, compression, tension, surface 
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pressure) and dynamic tests (Nassef et al. 2018). Researchers also have considered: 

determination of the modulus of elasticity (Cetera et al. 2018; Bakhta et al. 2020), internal 

bond characteristics (Cetera  et al. 2018), impact of water (swelling) (Cetera et al. 2018; 

Bakhta et al. 2020), moisture absorption (Trochonowicz and Galas 2018), impact of 

thermal treatment (Cetera  et al. 2018), impact of type of removal machining on processed 

materials (Martínez-Conde et al. 2017), formaldehyde emission during drying (Cetera  et 

al. 2018), and acoustic emission during machining (Eschelbacher et al. 2019). However, 

there has been a lack of material properties description affecting the cutting force during 

shredding of wood-based waste. Available models for estimating the force when cutting or 

machining wood or wood-based materials are available for machines such as: circular saw 

(Porankiewicz et al. 2011; Orłowski et al. 2013; Kopecký et al. 2014), band saw (Orlowski 

and Ochrymiuk 2017; Chuchała and Orłowski 2018), chain saw (Kuvik et al. 2017), large-

size crusher (Yu et al. 2012), and milling machine (Džinčić and Skakić 2012; Guo et al. 

2015; Mandić et al. 2015; Krauss et al. 2016; Durković et al. 2018; Kopecký et al. 2019; 

Wei et al. 2018). However, there is no information for designers of machines shredding 

furniture waste regarding the value of forces that their cutting mechanisms must carry. This 

also translates into the power requirements of their drive systems. The right choice of drive 

unit, without too much power reserve, translates into measurable ecological and economic 

benefits related to energy saving of the implemented process (Waluś et al. 2018; Szpica et 

al. 2018; Szpica and Czaban 2019; Warguła et al. 2020b). That is why it is so important to 

conduct research in this area. The general goal of the research work was to determine a 

number of physical quantities, to prepare a set of guidelines, and to develop mathematical 

models that will support the process of designing energy-efficient machines for chipping 

wood and wood-based materials. The aim of this paper, as part of the indicated research 

works, was to determine the mutual relations between the stiffness coefficient of commonly 

used wood-based materials and the variable geometry of the blade resulting from the 

shredding process using a rotary tool. 

  

 
EXPERIMENTAL 
 
Materials 

During the tests, four types of commonly used furniture boards were used, namely: 

particleboard with laminate (PBL), particleboard without laminate (PB), oriented strand 

boards (OSB), as well as medium-density fibreboards (MDF) with thickness of 18 mm. 

Boards were supplied by a manufacturer Swiss Krono and can be considered typical, 

commercially available material. Samples of approximately 180×90 mm in size were cut 

from the boards, which were then seasoned to obtain a uniform moisture content of 7%. 

Detailed characteristics of the materials together with the mechanical properties declared 

by the manufacturer are presented in Table 1. 

 

Methods 
The tests were performed using the MTS Insight testing machine, which allowed 

for the simultaneous measurement of force and displacement. The test consisted of 

mounting the knife into machine’s grip mounted rigidly on the traverse, followed by 

pressing it into the centres of samples at a certain velocity (traverse speed) and to a specific 

depth (strain amplitude).  
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Table 1. Characteristics of the Tested Materials Properties 

Particle Boards (PB) and Particle Boards with Laminate (BPL), Board type: SWISS KRONO PB 
(Swiss Krono Group, Żary, Poland). Characteristics: a three-layer wood material with a sanded 
surface obtained by pressing wood particles using urea-formaldehyde resins as a binder. The 
inner layer is made of coarser fraction chips, while the outer layer is made of very fine and thin 
microchips. As a result, the surface is characterized by low roughness and high peel strength. 
Laminated boards are made on the basis of a three-layer chipboard covered on one or both 
sides with papers saturated with thermosetting resins. Lamination in the tested plates consists 
in pressing the decorative layer onto the plate, while producing its structure. 

BP properties  Testing method Unit of measurement Value 

Density EN 323 kg/m3 650 

Bending strength EN 310 N/mm2 11 

Tear strength EN 319 N/mm2 >0.35 

Tearing off EN 311 N/mm2 >0.8 

Laminate properties Testing method Unit of measurement Value 

Thickness tolerance EN 14323 mm +/- 0.3 

Scratch resistance EN 14323 N ≥ 1.5 

Oriented strand board (OSB), Board type: SWISS KRONO OSB/2 (Swiss Krono Group, Żary, 
Poland). Characteristics: load bearing plate for use in dry conditions with directed structure. It is 
a wood product, a flat-pressed three-layer board, which consists of rectangular flat chips, which 
under the influence of high pressure and temperature, using synthetic resins as a binder, are 
pressed by hot rolling. 

Properties Testing method Unit of measurement Value 

Density EN 323 kg/m3 625 

Bending strength: major axis EN 310 N/mm2 18 

Bending strength: lateral axis EN 310 N/mm2 9 

Modulus of elasticity: major axis EN 310 N/mm2 3500 

Modulus of elasticity: lateral axis EN 310 N/mm2 1400 

Tensile strength perpendicular 
to the board plane 

EN 319 N/mm2 0.30 

Thickness swelling after 24h EN 317 % 20 

Surface soundness EN 311 N/mm2 >0.6 

Medium-density fibreboard (MDF), Board type: SWISS KRONO MDF EPF-S (Swiss Krono 
Group, Żary, Poland). Characteristics: wood-based material formed by pressing wood fibres with 
the addition of organic binding and hardening compounds under high pressure and temperature 
conditions. It is characterized by a homogeneous density and raw material composition 
throughout the entire cross-section. 

Properties Testing method Unit of measurement Value 

Density EN 323 kg/m3 750 

Bending strength EN 310 N/mm2 20 

Integral bond EN 319 N/mm2 0.55 

Models of elasticity EN 310 N/mm2 2200 

Swelling after 24h EN 317 % 12 

Tearing off EN 311 N/mm2 >1 

 
The tests on OSB were always carried out in such a way that the blade was placed 

perpendicular to the fibres of the board, which in case of others board’s types had little 

significance due to more uniform internal structure. During such an experiment, changes 

in the value of force and displacement over time were recorded in a laboratory room with 

the following conditions: temperature of 22°C and air humidity of 7%. The speed of the 

machine's traverse was 𝑣 = 0.1 mm/s. The assumed values of the strain amplitude were: 𝜀1 

= 0.13, 𝜀2 = 0.26, 𝜀3 = 0.39, 𝜀4 = 0.52, and 𝜀5 = 0.65 mm/mm. Five knives were used in 

the experiment (𝑘1-𝑘5) with different geometry, which were made of HADOX steel, type 
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500. The geometry of the blades reproduces the cutting tool of the cylindrical wood chipper 

in various phases of rotation when cutting the material (Fig. 1a and 1b). As can be observed 

from Fig. 1, the decreasing numbering of the knives from 𝑘5 to 𝑘1 corresponds to the 

increasing angles of the rotary cutting tool, which corresponds to the earlier contact of the 

blade and the material. Three repetitions were performed for a every single knife (𝑛1-𝑛3) 

for the same strain amplitude. As a result of accepting such a number of experiment 

variants, 300 measurement tests were performed. The presented markings have been 

consistently preserved throughout the paper. 

 Based on the recorded data, the characteristics of force dependence on displacement 

were determined for each of the measurement tests. On this basis, the stiffness coefficients 

defined as the directional linear regression coefficients from the measured data were 

determined. This regression was calculated from the beginning of the coordinate system to 

the maximum value of force registered in the experiment. The arithmetic mean was used 

as the searched value estimator �̅� from three values of the stiffness coefficient 𝑘 set for 

subsequent repetitions (from 𝑛1 to 𝑛3). The standard deviation of the arithmetic mean was 

assumed as the error of the searched value 𝜎. 

 The values determined in this way were compared for analysis. Statistical analysis 

was performed at the significance level set as 𝛼 = 0.05. The Anderson-Darling test was 

used to determine the distribution normality of measured data. Then, two-parameter 

analysis of variance (ANOVA) was used to determine the strain amplitude impact and knife 

geometry on the dependent variable for which the mean value of the stiffness coefficient 𝑘 

was assumed. A Tukey's post hoc test was applied when a significant difference was 

detected in the between-subject factor. 

 In order to assess the differentiation of individual stiffness coefficients, the 

variation coefficient values (𝐶𝑉) were determined. This gave base to the analysis of how 

the discussed values differ for particular strain amplitudes and different materials. 

 

 
 

Fig. 1. Geometry of knives used in the study 
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RESULTS AND DISCUSSION 
 

The calculated arithmetic means together with standard deviations for all 

experiment variants are presented in Table 2. The statistical data of the analysis of variance 

(ANOVA) has been presented in Table 3. The selected set of registered data is shown in 

Fig. 2 (MDF, 𝑘1).  

 

Table 2. Calculated Values of the Stiffness Coefficient (From Three Repetitions 
𝑛1-𝑛3)  

 

 𝑘1 𝑘2 𝑘3 𝑘4 𝑘5 

MDF �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 

𝜺𝟏 2571 114.4 976 132.1 973 56.2 1007 35.2 983 12.0 

𝜺𝟐 2232 50.6 1133 24.6 816 33.9 797 8.3 1072 41.2 

𝜺𝟑 2097 74.0 1228 32.3 757 24.6 740 12.1 984 109.4 

𝜺𝟒 2089 55.4 1361 46.3 788 14.5 671 15.5 953 10.0 

𝜺𝟓 2139 74.1 1471 57.5 852 38.8 613 11.2 898 32.8 

PBL �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 

𝜺𝟏 1415 30.5 671 43.0 688 27.3 686 53.5 805 139.1 

𝜺𝟐 1189 25.2 660 48.3 530 5.4 535 46.0 650 27.3 

𝜺𝟑 1341 13.0 692 56.0 541 57.1 509 27.2 655 11.6 

𝜺𝟒 1574 99.1 927 54.2 557 38.9 499 37.9 756 9.9 

𝜺𝟓 1601 310.1 1180 28.7 648 50.6 534 32.8 735 47.1 

PB �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 

𝜺𝟏 1800 80.4 862 58.4 875 6.2 745 68.2 852 5.6 

𝜺𝟐 1491 91.2 805 38.4 704 36.5 591 32.4 749 7.1 

𝜺𝟑 1503 57.4 874 38.4 635 29.1 616 45.4 813 26.7 

𝜺𝟒 1635 25.8 1029 41.0 726 13.3 571 17.9 836 58.8 

𝜺𝟓 1818 7.4 1270 100.1 726 22.8 642 52.2 867 73.4 

OSB �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 �̅� 𝝈 

𝜺𝟏 1006 249.0 1110 77.0 755 31.3 708 106.5 1281 142.8 

𝜺𝟐 1200 103.7 944 144.0 693 42.2 665 42.3 1173 139.3 

𝜺𝟑 1195 35.4 920 114.5 679 124.5 583 61.0 893 273.8 

𝜺𝟒 1383 119.6 1099 155.6 662 71.9 554 43.2 834 219.0 

𝜺𝟓 1551 209.5 1266 145.9 744 208.8 552 50.6 789 49.2 

𝜀1-𝜀5 – amplitude values (mm/mm) 

�̅� – arithmetic mean (N/mm) 

𝜎 – standard deviation (N/mm) 

𝑘1-𝑘5 – types of knives 

 

 

Table 3. Statistical Data of the Analysis of Variance (ANOVA); 𝐹 – F Test Value, 

𝑝-value – Test Probability of ANOVA Analysis; 𝛼 = 0.05 
 

 MDF PBL PB OSB 

 𝐹 𝑝-value 𝐹 𝑝-value 𝐹 𝑝-value 𝐹 𝑝-value 

Knife 1716.73 7.73E-53 296.08 3.86E-34 1016.12 3.36E-47 57.21 4.71E-18 

Strain 15.09 3.73E-08 20.18 6.04E-10 45.23 5.02E-16 2.12 0.09 

Interaction 23.24 1.02E-17 6.32 2.27E-07 11.81 7.26E-12 4.15 5.55E-05 
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Figure 3 shows how the value of the coefficient of variation for individual materials 

and strain amplitudes changes with the division into knives of different geometry. Figure 

4 shows how the stiffness coefficients changes depending on the type of knife for different 

amplitude values during the process conducted on MDF. Figure 5 shows how the stiffness 

coefficient changes depending on the type of material for different amplitude values during 

the process conducted with knife 𝑘3. 

 

 
 

Fig. 2. Selected set of registered data for MDF and knife 𝑘1; individual markings: A – 𝜀1, B – 𝜀2, C 

– 𝜀3, D – 𝜀4, E – 𝜀5, F – initial part of the force-displacement diagram with different inclination 
angle – detailed description in discussion section 

 

As the results of calculations suggest, the recorded data (Fig. 2) can be 

approximated with a very high accuracy by means of a linear function in the range from 

zero to the maximum force value. The vast majority of the coefficient of determination R2 

was greater than 0.9. A smaller value of this coefficient was recorded for only 36 of 300 

cases. The smallest value determined is R2 = 0.8138. Thus, data regression using linear 

function can be considered as very good in the vast majority. 

 

 
Fig. 3. The coefficient of variation value for individual materials and strain amplitudes divided into 
knives with different geometry 
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Fig. 4. Change of the stiffness coefficient depending on the type of knife for different amplitude 
values (material: MDF) 

 

 
Fig. 5. Change of stiffness coefficient depending on the type of material for different amplitude 
values (knife: 𝑘3); individual markings A – MDF, B –PB, C –PBL, D – OSB 

 

 Analysis of variance showed that for each type of material there were statistically 

significant differences in the average values of the stiffness coefficient between knives with 

different geometries (𝑝 <0.05). This is attributed to the different shape of the cutting edges, 

which affects the recorded load values (Wojtkowiak et al. 2018). As a result, the force with 

which the knife acts on the material is divided into its components, which causes a complex 

state of stress. As a result, the stresses reduced in cross-section tangent to the cutting edge 

of the punch consist of compressive, bending, and shear stresses. Changing the angle of 

the blade causes a change in the force necessary to cut the material. This is very well 

illustrated by comparing the values of the stiffness coefficients in Fig. 2. Using a flat knife 

(𝑘1) results in a larger scale of strength value increase, i.e. the determined stiffness 

coefficient. The measured values for this case deviate significantly from the others. The 

knife with the most favourable geometry is definitely the knife 𝑘4, since its use resulted in 

the lowest stiffness coefficient values for each of the materials. Interestingly, the post hoc 
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test showed that for cases: MDF knives 𝑘3 and 𝑘4as well as OSB knives 𝑘2 and 𝑘5 but also 

knives 𝑘3 and 𝑘4 there were no statistically significant differences in arithmetic means.  

 Blade geometries reflect different rotational phases of the cylindrical wood 

chipper’s knife. The results indicate (Fig. 4) that the knife 𝑘4 has the most favourable 

geometry due to the increase in the cutting force. This is the geometry of the cylindrical 

wood chipper’s knife when the process is midway. This means that it is only after half of 

the cutting process that the blade obtains the most effective cutting parameters. The shape 

of the tool is also important because it also affects the quality of the cut surfaces 

(Wojtkowiak and Talaśka 2019). Whereas the knife 𝑘1 is characterized by the least 

favourable geometry, its shape corresponds to the mutual arrangement of the knife edge 

and material during the cutting process initial phase. This is a very unfavourable 

phenomenon, because it additionally increases the analysed process impact character, 

which causes a dynamic load on the working and drive elements of the wood chipper. 

 Analysis of variance showed that for OSB there were no statistically significant 

differences between the average values of the stiffness coefficient depending on the 

progressing strain (𝐹 = 2.12, 𝑝 = 0.092). Analysis of the data contained in Table 2 and the 

graph presented in Fig. 2 make it possible to conclude that the determined coefficient 

values 𝑘 change significantly. However, the statistical analysis carried out support a 

statement, with high probability, that these changes are not the effect of the strain amplitude 

influence. The results for OSB achieve the highest values, this is the result of their highest 

resistance among tested materials (Rebollar et al. 2007). Most likely, this is due to the 

internal structure of the material. All tested materials consist of shredded wood-based 

materials; however the slender OSB chips have the largest geometric dimensions. In the 

smaller chips case, the process of destroying the material structure is more dependent on 

the binder strength, which is usually various types of resins and glues. In OSB, while 

cutting, the knife edge must cut more chips. This may be the reason for the faster force 

value increase during the process, which is observed by higher values of the stiffness 

coefficient.  

 The results of the ANOVA for MDF indicate statistically significant differences in 

the determined stiffness coefficient 𝑘 values. However, the post hoc test showed that the 

source of this variation was the values recorded for 𝜀1 amplitude (the smallest value). 

Comparison results for all other amplitudes against each other (𝜀2-𝜀5) showed no 

significant differences. Perhaps such an observation can be explained by the internal 

structure of the material, and more precisely – its density. In the first stage of cutting (for 

a low strain value), material crushing causing its compaction may dominate. Only after 

reaching a certain strain value does the share of actual cutting in the registered force value 

becomes more significant. This interpretation is supported by the initial part of the force 

diagram presented in Fig. 2 – and marked as dimension “F”. Its analysis shows a different 

inclination angle of the force-displacement curve for small strain values. This nature of 

results was observed for each knife type used in the experiment. 

 The results recorded for PBL and PB (Fig. 5) are generally characterized by 

significant statistical differences in the values of the stiffness coefficient 𝑘. Exceptions that 

can be made based on the post hoc test for a WL board are: 𝜀1 and 𝜀4. 𝜀2 and 𝜀3 and 𝜀4 and 

𝜀5. However, for the PB they were: 𝜀1 and 𝜀5 and 𝜀2 and 𝜀3. The highest stiffness coefficient 

values were recorded for MDF in cutting with knives 𝑘1-𝑘4 and for a knife 𝑘5 the highest 

values occurred during the use of OSB. In all experiment cases, it was determined that the 

PB had a higher stiffness coefficient than the PBL. Perhaps this is due to the fact that the 
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PB was characterized by increased density at external surfaces to improve its aesthetic 

properties, which may translate into the stiffness coefficient value. In contrast, the 

laminated board structure is the same throughout the cross-section, and the outer layer is 

filled with laminate, improving its aesthetic value.  

 Coefficient of variation analysis (Fig. 3) shows that the results for MDF were 

characterized by the least variability. On the other hand, the greatest differentiation was 

found in the stiffness coefficient values for OSB. Again, this nature of the recorded results 

can be related to the internal structure of the material. The chips that OSB consists of are 

mostly oriented in a specific direction, but they are characterized by various sizes. Other 

materials consist of smaller chips, but with much more similar dimensions (within a 

particular type of board). As a result, the recorded results differ from each other. The top 

layer of OSB has overall similar properties, but the surface area of the used knives is 

smaller than some strand pieces. Perhaps the observed results diversity comes from 

conducting the cutting process in different places of individual strand pieces. Overall, the 

results should be considered as having low variability, since the coefficient of variation 

was below 25%. The exception to this rule were knives 𝑘4 (for amplitudes 𝜀3 = 0.39 and 

𝜀4 = 0.52 mm/mm) and 𝑘5 (for amplitude 𝜀5 = 0.65 mm/mm) for OSB. In those three cases 

the designated value 𝐶𝑉 was above 25%. 

 Registered and presented research results make it possible to state that the process 

of shredding wood-based boards can be basically divided into two parts. In the first of 

them, the material is compacted (crumple), and only then it’s cut (the proper part of the 

process). The course of this phenomenon is shown in Fig. 6. Thanks to such observation, 

it becomes possible to use the available theoretical models of cutting plant origin materials 

describing this phenomenon, such as the one given by the formula (1), 

𝐹𝑝 = 𝑔𝜎 +
𝐸

2
∙

ℎ2

𝐻
[tan𝛽 + 𝜇sin2𝛽 + 𝜇′(𝜇 + cos2𝛽)],     (1) 

where, 𝐹𝑝 is pressure force per blade length unit, 𝑔 is the thickness of the blade, 𝜎 material 

stresses occurring in cutting, 𝐸 is the Young's modulus of the material being cut, ℎ is the 

thickness of the material layer crushed with a knife, 𝐻 is the total height of the material, 𝛽 

is the angle of application of the knife blade, 𝜇 is the material's internal friction angle, and 

𝜇′ is the friction coefficient between the knife blade and the cut material (Kanafojski and 

Karwowski 1976). 

 

 
Fig. 6. The force acting on the knife edge at the beginning of cutting plant origin material process; 
𝐻 – the thickness of the material being cut, ℎ – thickness of the crushed layer, 𝑅 – reaction force 
of the cut material; based on (Kanafojski and Karwowski 1976) 
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 In the presented model (1), only the first component represents the useful force that 

is necessary to complete the cutting process. Due to the large variety of plant materials, its 

value can only be determined based on experiments. Registered test results will serve, 

among others, to define this physical value. It depends not only on the mechanical 

properties of the material being cut, but also on how sharp the cutting edge is. The second 

term of equation (1) is associated with the cutting resistance directly related to the process 

itself: material crush, internal friction, and friction between the blade and the material being 

cut. Determining the value of these physical values will be the subject of future research. 

 

 
CONCLUSIONS 
 

1. The results of the conducted experiments allowed determination of the stiffness 

coefficients of the tested materials depending on the strain amplitude, the material type, 

and the cutting blade geometry. The blade geometry has a significant impact on 

registered force values in the test. This is particularly important in cylindrical chippers. 

The angle at which the blade enters the shredded material depends on its thickness 

because the cutting edge is in rotational motion. For this reason, cutting forces (and 

therefore the demand for drive torque) can vary considerably with the material 

thickness, not only because of its larger amount necessary to be cut, but also because 

of the change in the cutting process geometry itself. This is an important issue that must 

be considered in the design process of a shredding machine. 

2. The type of material has an obvious effect on recorded results. This is a relatively well-

recognized issue. The determined values set can be used as a necessary input data set 

to model the work required to perform the cutting process. It also adds value to the 

current state of knowledge because it allows cutting process existing models validation. 

3. The strain amplitude significantly affects the stiffness coefficients value 𝑘 for 

particleboard with and without laminate, as well as MDF. The calculations results 

suggest statistically significant differences, but they do not give grounds to determine 

their nature. Therefore, further research in this area is necessary. 

4. There was no significant strain amplitude effect on the recorded values of cutting force 

increase for OSB. 
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