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Abstract 
 
Particleboard (PB) is an important panelboard material used in value-added wood products.  Its advantage 
is its low cost but its disadvantage is that its surface quality degrades when machined.  Extensive research 
has been conducted in PB machining the key aspects of which are highlighted in this report.  Research to 
improve machineability has focused on the PB material, cutting tool and process parameters.  Work on 
the PB material has mainly focused on reducing tool wear and, more recently, on PB micro-scale behavior 
during cutting.  This work has led to the reduction of impurities in PB.  Work on the cutting tool has 
focused on tool geometry and tool material improvement.  This has led to the development of specialized 
bevel sawtooth profiles that reduce edge chipping.  Tungsten carbide and polycrystalline diamond have 
been extensively tested and are the most widely recommended tool materials for PB.  Work on the cutting 
parameters has focused on developing operating guidelines as well as on optimizing the milling angle 
relative to the workpiece.  A cone-face milling tool has been designed to reduce edge chipping in the edge 
banding process.  Research and testing has also led to general guidelines for parameters such as feed per 
tooth.  The affect of PB material, tool and cutting parameters is commonly measured by the change in 
cutting force and surface quality.  A standard measurement method for melamine edge chipping and an 
approximate relation for calculating cutting force have been developed.  Although many developments in 
PB machining have been made, several key industrial machining process areas still require research.  
These include machinery set-up, process optimization and troubleshooting.  There is an urgent need to 
account for the variability and micro properties of PB in the machining process.  If successful, this should 
increase the reliability of research results and increase the industrial applicability of the work. 
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1 Introduction 
 
Particleboard (PB) is the most widely used panel material for non-structural applications [1].  It is 
composed of small wood particles and resin pressed into a panel under heat.  The popularity of PB is 
mainly due to its much lower cost compared with other panel materials such as medium density 
fiberboard [2].  Its applications include furniture, cabinets and counter tops.  It can be manufactured in 
different sizes, thicknesses, densities and grades.  However, the disadvantage of PB is its coarse and 
inhomogeneous internal structure. 
 
PB is typically cut for pre-finish applications such as gluing, edge banding and laminating [3]. When a 
panel is sawn or profiled, the surface quality of the panel edge can substantially deteriorate [4].  The 
quantity and volume of air pockets (voids) increase on the cut surface as shown in Figure 1 and edges 
become chipped.  This reduces the glue bond strength of edge bands and the quality of laminates.  In 
extreme cases the components must be discarded. 
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Figure 1 Machined Particleboard 
 
To be competitive, PB must be machined by the most economical means.  The focus is often on 
minimizing material waste and maximizing tool life as well as producing a part of the desired quality [5].  
A medium-to-large Canadian furniture manufacturer uses up to 10,000 square meters of PB panels per 
day.  Quality problems that occur several times per year can require days or weeks to resolve.  Degraded 
quality, discarded components and lost production can amount to $10,000 or more per day.  As a result, a 
small reduction in the occurrence or duration of problems can have a major financial benefit for 
secondary wood product producers.  This benefit is typically much higher than the cost savings due to a 
reduction in tool wear. 
 
The reason for most manufacturing problems is the wide range of PB material characteristics and the lack 
of specific guidelines for material selection and use.  Machine operators and production managers often 
find it difficult to effectively set-up and troubleshoot the processing of PB [6].  They have to rely heavily 
on intuition and experience.  As a result, an understanding of the PB material behavior and the cutting 
process are urgently needed to guide the set-up and troubleshooting of machinery. 
  
Extensive research has been conducted in PB cutting over the last two decades.  Most of this work has 
focused on the cutting tool and wear and their interaction with process parameters such as depth of cut 
and tool geometry [7,8,9].  This report highlights the key aspects of this research and describes the 
findings that are applicable to the Canadian wood industry and to future research in PB machining.  
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2 Particleboard Cutting 
 
The PB cutting process is similar to that of other wood materials but it is also unique.  The similarity is in 
the cutting mechanism and the difference is in the workpiece and how they react to cutting.  The cutting 
tool applies a force on the workpiece that is higher than its strength and the material fails locally.  As a 
result, a chip is formed along with the cut surface as shown in Figure 2.  The magnitude and direction of 
the cutting forces and the workpiece reaction determine how the material will cut.  The three elements 
that primarily control this process are the PB workpiece properties, cutting tool and cutting parameters.   
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Figure 2 Basic wood cutting parameters and rake (γ), sharpness (β) and clearance (α) 

angles 
 

2.1 PB Properties 
 
The PB properties that are important during cutting are small in scale [10].  During cutting, the tool 
interacts with individual wood particles.  At this scale, PB is not uniform or plane-isotropic as typically 
assumed in macro-scale or bulk structural analyses.  The properties of local solid wood particles and the 
glue determine PB cutting behavior.  As a result, during cutting, PB behaves in some instances like solid 
wood and in others like a glued particulate material.  This is important because the cut surface quality 
tends to be higher when the solid wood behavior is dominant.   
 
The PB behavior that dominates during cutting is believed to be determined by the relative strength of 
wood particles and glue bonds as well as the cutting force [10].   Glued particulate behavior tends to occur 
when the wood particle fibers are in the end-grain orientation or perpendicular to the tool edge.  In this 
orientation, wood strength is high and as a result, is difficult to cut.  On the other hand, solid wood 
behavior tends to occur when the wood particle fibers are orientated parallel to the cutting direction.  In 
this orientation, wood strength is lower and as a result, is easier to cut.  When the particle strength is 
greater than the glue bond, the glue bond fails.  The fracture path propagates in such a way so as to cause 
the entire particle or groups of particles to be torn out.  As a result, the surface quality is poor and voids 
are often created.  When the particle strength is less than the glue bond, wood fibers fail and are removed 
from the particle.  As a result, the quality of the machined surface is higher. There are fewer torn out 
particles, less edge chipping and fewer voids.     
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Glue particulate behavior is observed to be brittle [10].  As a result, fracture toughness of the glue bond is 
very important.  Ilcewicz and Wilson [11] and others have found that PB fracture toughness increases 
with the thickness of the particles.  The highest fracture toughness occurs when the wood particles are 
uniform and undamaged, the adhesive is uniform in thickness and the optimum wood / adhesive ratio is 
used.  When the surface of the wood particle is damaged or rough as in commercial PB, the fracture 
toughness typically decreases.  More adhesive and adhesive penetration into the particles is required to 
maintain the fracture toughness.  When there is insufficient adhesive, joint starvation occurs and fracture 
toughness decreases.  In well-formed wood / adhesive bonds, fracture typically occurs in the wood alone.  
The problem in wood composites, and with PB in particular, is that the quantity of adhesive is minimized 
to reduce costs. 
 
2.2 Cutting Tool 
 
Tool design and geometry have a major affect on the machining performance of PB.  The key tool angles 
are the bevel κ, oblique λ and rake γ [6,12,13].  The oblique angle λ is the complement of the angle 
between the tool edge and the cutting direction as shown in Figure 3.  An oblique angle on the main 
cutting edge can significantly reduce the chipping of melamine coated PB by reducing the associated peak 
cutting force [6].  A cutting tool without an oblique angle enters and exits the workpiece all at once.  A 
tool with an oblique angle enters and exits the workpiece gradually.  As a result, the cutting force and 
associated melamine chipping upon entry and exit are lower. 
 
The rake angle γ shown in Figure 2 also has a direct affect on the surface quality of machined PB.  When 
the rake angle is small and the cutting forces are compressive, PB tends to behave like a particulate 
material [10].  As a result, the surface quality is poor.  When the rake angle is large and tensile forces are 
introduced, PB tends to cut like solid wood.  As a result, the surface quality is better.  Unfortunately, the 
tool material and the desired tool life limit the maximum useable rake angle.  The most commonly used 
PB tool material, tungsten carbide, allows a maximum rake angle in the range of 30 degrees. 
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Figure 3 Oblique cutting tool angle λ 
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On a sawblade, the bevel angle κ is the angle between the tool edge and the saw body as shown in Figure 
4.  A flat tooth has a bevel angle of 90 degrees.   On a sawblade, typical bevel angle profiles are top bevel, 
hollow ground, triple chip and curved edge [14].  The bevel angle can be applied in three ways to improve 
surface quality when sawing.  A bevel angle can create peaks on the outer tooth edges such as found on 
the top bevel and hollow ground profiles.  These improve surface quality because they both enter and exit 
the PB first.  This creates a scoring effect that reduces chipping.  A bevel angle can also reduce the cutting 
force at the tooth tip when the bevel profile is alternated on the sawblade.  Triple chip and flat tooth 
profiles are commonly alternated on sawblades.   This reduces the width of material cut by the tooth tip 
and the resultant cutting force.  This is important because the main tooth edge determines the quality of 
the panel edge and as a result, a reduction in cutting force improves quality.  Finally, a bevel angle 
improves cut quality by reducing the thickness of material (chip thickness) cut by the tooth.   As the bevel 
angle approaches 0 degrees, the chip thickness also approaches 0.  This property is employed in the 
design of the curved edge bevel profile.  The bevel angle varies from 90 degrees at the top to 0 degrees at 
the sides.  Since the sides of the tooth cut the panel edges and determine the surface quality, there is less 
panel chipping. 
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Figure 4 Sawblade tooth bevel angle profiles 
 
2.3 Tool Wear 
 
The geometry at the tool tip changes during cutting as a result of wear.  Tool wear results from a number 
of mechanisms including abrasion, fracture and corrosion of the cutting edge.  This wear is detrimental 
because it increases the cutting forces [5,8,12,14,15,16] and the PB and melamine edge chipping [7].   
 
Tool wear increases with the length of the cut or cutting distance but the highest tool wear occurs on a 
freshly sharpened edge.  Tool wear on a freshly sharpened tool tends to be highest in the first 100 meters 
of cutting [5].  After this initial high wear, the tool develops a more stable geometry that continues to 
wear but at a reduced rate.   
 
The type of dry-process PB can have a significant affect on tool wear and machining performance [5].  
Tool wear is lower when machining gypsum-bonded PB followed by cement and then resin-bonded 
materials.  The cutting forces generated during machining are also lowest for gypsum-bonded PB 
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followed by resin and cement, which are very similar.  Tool wear can be up to 2 times greater when 
machining resin-bonded than gypsum-bonded PB. 
 
The region of the PB being machined also has an affect on performance [5].  Tool wear and cutting force 
are highest when machining the higher density face layers of PB and lower when machining the lower 
density core layer shown in Figure 1.  One series of tests on resin-bonded PB indicated that wear 
increased by a factor of 6.4 when machining the face layers [5].  It is theorized and supported by some 
evidence that cutting force and tool wear are mainly affected by PB density and impurities [17,18].  This 
seems reasonable since an increased density corresponds to more cellulose through which the tool must 
cut.  In addition, the impurities in PB tend to be harder than wood.  As a result, it may be possible to 
model the affect of PB composition and manufacturing by their affect on density.  Tests have shown that 
the increase in cutting force with density is significant [19].   The binder to wood ratio has been found to 
have a less significant affect than density on cutting force or tool wear [5].   
 
There has been extensive work focused on the development of tool materials to reduce tool wear [20].  
This work examined and fine-tuned the composition of tungsten carbide as well as examined the benefit 
of polycrystalline diamond (PCD).  These tool materials are commonly recommended for machining PB.  
More recent work has examined the application of tool coatings to reduce wear.  The results and 
applications of coatings have been mixed and as a result, have very limited use in PB machining. 
 
2.4 Cutting Parameters 
 
The PB machining process is physically described by eight process parameters most of which are shown 
on the milling tool in Figure 5.  The parameters that have been found to have a substantial affect on PB 
machineability are the depth of cut ae, feed per tooth fz (bite) and milling angle. 
 

Feed speed (ft/min or m/min) vf Tool number of teeth z 
Tool tip cutting velocity Vc Tool/saw projection (m) u 
Depth of cut (m or in) ae Tool rotational speed (RPM) n 
Width of cut (m or in) B Tool diameter (m or in) d 

n 

Vf 

ae 

Vc 

d 

z1 

z4 

z3 
z2 

γ 
α 

β 

fz 

Workpiece 

Produced 
surface 

 
 
Figure 5 Physical machining process parameters (referenced from [16]) 
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The depth of cut ae is the depth of material cut from the surface of the workpiece as shown in Figure 5.  It 
influences the cutting force as well as the formation of the chip [21].   The larger the depth of cut, the 
larger the amount of material that must be deformed and removed and the higher the cutting forces.  As a 
result, the chipping of PB and melamine increases with depth of cut.  At large depths of cut, it is very 
difficult to create an undamaged surface.   
 
The feed per tooth fz is the length of material removed by each tooth as it passes through the cut as shown 
in Figure 5.  The feed per tooth is directly proportional to feed speed vf and inversely proportional to 
rotation speed n and number of teeth z as shown in Equation 1.  The cutting forces increase with the feed 
per tooth [22].  As a result, the chipping of PB and melamine also increase with feed per tooth [6,8,22]. 
 

zn
v

f f
z *

=          (1) 

 
The milling angle has also been shown to have a substantial affect on PB machined quality.  The milling 
angle is the angle formed between the tool rotational axis and the machined workpiece surface as shown 
in Figure 6.  In the typical or plain-face milling operation, the milling angle is 90 degrees.  In this 
orientation, the machined surface is perpendicular to the rotational axis of the tool.  In cone-face milling, 
tool rotational axis is not perpendicular to the machined surface.  This change in milling angle reduces the 
peak cutting force acting on the PB and as a result, reduces edge chipping [23].  This specialized process 
requires machinery modifications, unique high cost tools and twice the number of tools for each cutting 
process. 
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Figure 6 Milling angle 
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3 Cutting Force and Quality 
 
The affect of PB material properties, tool geometry and wear and the cutting parameters are commonly 
examined by their affect on cutting force and surface quality.  A lower cutting force is an indicator of 
reduced tool wear and improved surface quality.  The number and size of edge chipping and voids are 
also used as indicators of surface quality.  As a result, an ability to estimate cutting force and a correlation 
of this with surface quality is important for custom designing the machining process for each product.  
Unfortunately, cutting forces can only be roughly approximated.  A method to measure edge chipping has 
been developed but a correlation with surface quality is not yet available. 
 
3.1 Cutting Force Estimation 
 
The mean cutting force can be estimated using Kienzle’s equation shown in Equation (2) [15,19,24].  This 
empirical metal cutting approach uses physical characteristics of the cutting process along with a PB 
property value generated by regression analysis.  It assumes that the mean cutting force Fcm is a function 
of a measured PB material property Kca, the width of cut b and the mean chip thickness hm.  
 

( )a
mcacm hbKF **=       (2) 

The units of Kca are typically N / mma  where 1 ≤ a < 2 and as a result, has no direct physical meaning.  It 
can be loosely interpreted as the average strength of the workpiece.  The empirical method assumes that 
the cutting force is dependant only on the chip area.  A regression analysis of a large number of 
measurements is performed to estimate the Kca value for a particular PB. The value of the exponent, a, 
differs depending on the results of the regression analysis.  Typical values are 0.5 [22] and 1 [15] for 
wood materials.  Tröeger and Läuter proposed at the value a = 1 for PB.  Experiments show that the 
relationship between Kca and hm is not linear.  As a result, the proposed relation where a = 1 is accurate 
only over the limited chip thickness hm range in which Kca was measured.  Also, the relation is accurate 
within a rake angle change of no more than 5 degrees.  Repeated measurement error and accuracy of Kca 
measurement within a PB material were not reported.  However, tests conducted by Forintek found that 
the cutting force deviated up to 50% from values predicted by Equation 1.  As a result, there can be 
significant uncertainty in determining the Kca value for a PB material and individual measurements for 
individual PB’s and machining processes will be required. 
 
3.2 Quality Measurement 
 
One of the main objectives of PB machining research is to obtain consistent or improved surface quality.  
As mentioned previously, surface quality is determine by the quantity and size of edge chips and voids 
(air) on the machined surface.  In most previous research, edge chipping was principally used to measure 
machined quality. Mechanical stylus devices were developed that measure combined depth (tk) and width 
(Xk), as shown in Figure 7, as well as the breadth and frequency of chips [9].  Devices such as the 
EQUAM-D have been used [25].  Chips in the range of 0.1 mm or smaller are detectable with these 
devices.  Two quality indicators Ra and Qa, edge roughness and edge quality numbers were also 
developed [25].  Other suggested quality criteria included number of chips, ratio of total chipped length to 
length of edge, depth / width of chip and breadth of chip.  Development of non-contact scanning of edge 
chipping has not yet been done. 
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Xk 
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Figure 7 PB edge chipping as a result of cutting (referenced from [16]) 
 
Other indirect indicators such as cutting force, cutting power and tool wear have also been suggested as 
indicators of machined quality.  Force dynamometers, power meters, and mechanical stylus and 
microscopy measurement devices were used respectively.  A correlation between these and chipping is 
not available. 
 
Even with the development of a standard method and device to measure edge-chipping quality, general 
acceptance of this type of quality control has been slow.  This may be due to a lack of education or 
difficultly in the application of the measurement standard.  Most companies tend to use subjective random 
visual inspection for quality control.  This is likely the reason that more and improved standards and 
devices have not been developed. 
 
 

4 Industrial Application 
 
PB machining research has identified many of the key factors that affect productivity, processing costs 
and quality.  These include the wood particle and glue strength, tool geometry and wear, depth of cut, 
feed per tooth and milling angle relative to the workpiece.  Relationships have been developed, Equation 
1 for example, that show the interaction of some of these factors and the approximate cutting force.   This 
work has lead to the development of innovative tools such as the hollow ground and curved lateral edge 
sawblades and cone-face milling tools.  Unfortunately, the application of this work to the set-up and 
trouble shooting of machining problems has been less successful. 
 
4.1 Successful Application 
 
The most successful industrial application of PB machining research work to-date has been in the 
development of tools.  The hollow ground and curved lateral edge sawblades are finding use in PB 
machining.  Unfortunately, limited re-sharpening services and higher cost have prevented wider use in the 
Canadian industry.  Alternating top bevel (ATB) and triple-chip sawblades are still the most widely used 
in the industry. 
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A cone-faced milling tool has been developed and is available for the machining of melamine coated PB 
in the edge banding processes.  Unfortunately, limited re-sharpening services and a high cost have 
prevented wider use.  Traditional plain milling tools are the most commonly used.  Cone-face milling 
tools for other machining processes have not yet been developed. 
 
The industrial application of the tool wear and cutting parameter research has been in the form of 
guidelines.  Tool manufactures commonly provide guidelines for feed per tooth, depth of cut and tool set-
up.  These have been developed through an extensive trial and error process.  They provide reasonable 
starting points and operating ranges.  During process troubleshooting, the trends developed from previous 
research can also be applied.  For example, to improve surface quality the feed per tooth and depth of cut 
should be reduced and the sharpness of the tool must be maintained. 
 
One industrial response to PB material research to improve machineability has been in the reduction of 
impurities.  Grit, sand and other impurities have been shown to cause substantial tool wear.  PB products 
that reduce this content tend to reduce tool wear and as a result, also improve surface finish. 
 
4.2 Limitations 
 
Maximizing productivity, minimizing processing costs and ensuring consistent quality are highly 
desirable industrial goals and the major focus for research in PB machining.  The previous research work 
has contributed to meeting these goals.  However, significant error in the results and empirically based 
relationships makes them difficult to apply in an industrial setting.  As a result, it is still extremely 
difficult to perform many basic set-up and troubleshooting tasks as well as answer common questions.  
For example: 
 
• How can the trade-off between machine quality and tool life be optimized? 
• How is machined quality measured and how is quality defined? 
• How can the set-up and troubleshooting be optimized for different process such as routing and 

sawing? 
• What are common causes of machining problems and how can we isolate them? 
• How much should the machine operating parameters be adjusted to eliminate chipping? 
• How can the process parameters be adjusted for the specific properties of PB? 
• Which are the PB properties that are important to machineability and how can they be measured? 
 
The most common industrial approach to answer these questions is trial and error.  Unfortunately, this is 
an extremely difficult task because many of factors interact.  Attempts have often led to frustration and 
dissatisfaction with suppliers as well as customer complaints. 
 
The majority of previous PB machining research has focused on single cutting parameter relationships 
and bulk macro PB properties.  For example, work has been done on the affect of depth of cut on cutting 
force and the affect of PB density on cutting force.   The major drawback of this approach is that cutting 
force is highly dependent on PB properties but the macro properties of PB are not reliable indicators of 
PB machining [10,18].  A micro scale examination of the interaction between PB properties and process 
parameters and their affect on cutting force and quality is required [10].   
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5 Summary 
 
Particleboard (PB) machining is a critical process in secondary wood products manufacturing and 
extensive research work has been done to advance the knowledge in this area.  Work has focused on three 
main areas of the machining process: PB material, cutting tool and cutting parameters. 
 
During cutting, PB behaves like solid wood and particulate material.  PB properties such as adhesive 
content and the cutting parameters such as depth of cut determine which behavior is dominant.  When 
exhibiting solid wood behavior, PB cutting tends to generate a high quality surface and little edge 
chipping.  When the particulate behavior is dominant, the surface quality tends to be poor with frequent 
edge chipping.   
 
The cutting tool design affects the cutting force acting on PB.  This is important because an increase in 
cutting force also increases damage to the PB and melamine coatings.  Development of sawblades with 
bevel tooth profiles and oblique angles has reduced cutting force and edge chipping.  The rake angle 
should be set at a maximum that balances tool wear and surface quality. 
 
Tool wear increases with the cutting distance, PB density and PB impurities.  This is important because 
tool wear increases cutting force.   Research in this area has led to the reduction of impurities in PB and 
the fine-tuning of tungsten carbide for PB machining.  Tungsten carbide and polycrystalline diamond are 
the two most recommended tool materials for PB. 
 
The depth of cut, feed per tooth and milling angle cutting parameters have been found to affect cutting 
force and edge chipping.  Increasing the depth of cut and feed per tooth increases edge chipping.  Basic 
feed per tooth guidelines have been developed.  A cone-face milling tool has been developed that reduces 
chipping in the edge banding process. 
 
An empirical relation for PB cutting force calculation has been developed.  The advantage of this 
approach is that it provides processing information for specific PB materials.  The disadvantage of this 
approach is that the effects of PB composition and micro properties are not considered.  The analysis is 
subject to substantial error that limits its usefulness in industrial applications. 
 
A quality control method and device has been designed to measure and monitor PB edge chipping but has 
not found wide spread application.  The most commonly used quality control method is random visual 
inspection. 
 
The research completed in PB cutting provides important insight and has resulted in many developments.  
However, key industrial tasks such as machinery set-up, process optimization and quality troubleshooting 
remain difficult to accomplish.  The reason is that existing relationships are descriptive and do not 
accurately represent industrial processes.  They are also subject to significant error. As a result, trial and 
error is the most commonly applied approach.  Research work is required to examine and account for the 
micro scale PB properties that affect PB machining.  This has the potential to increase the accuracy and 
reliability of cutting parameter and force relations and as a result, increase the industrial application of PB 
machining research. 
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