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Long Term Goals / Strategies 
To reduce the processing time and quality problems created when machining Particleboard (PB) in value-
added applications. 

Key Objectives 
• Identify the characteristics that define high-machined quality value-added panel products. 
• Identify the critical panel properties and processing parameters that affect the machined quality of PB. 
• Develop a systematic framework for understanding the various factors and their interactions that can be 

applied to operafional and troubleshooting procedures that enhance the machined surface quality of PB. 
• Increase machining speeds and improve the design of tooling used for the machining of PB. 
• Recommend improvements to the composition and manufacturing of PB that improve machineability. 

Key Actions and Deliverables 

D e l i v e r a b l e Expected 
D e l i v e r y Date 

Identify key panel properties and processing parameters that affect machineability •/ 

Establish and quantify machined quality characteristics -/ 

Identify the PB processing and composition that affect machined quality •/ 

Develop a framework for understanding the factors that affect machining 

Identify processing parameters and panel characteristics that allow the increase of machining 
speeds November 30, 2003 

Develop guidelines and look-up tables for value-added manufacturers to set processing 
parameters (feed & spindle speed, tool geometry etc.) and troubleshoot problems February 15,2004 

Recommend tooling design improvements March 31, 2004 

Recommend PB composition and manufacturing process improvements March 31, 2004 

Rationale and Potential Impact 
Particleboard (PB) is a major panelboard material often used to make value-added wood products. Its 
applications include furniture and cabinets as well as other non-structural applications. Unfortunately, when 
PB is sawn or profiled, the cut edges are substantially impaired by fiber & particle tear-out and void formation. 



The resulting roughness makes the material difficuh to glue, edge-band or laminate. In most cases, surface 
preparation involving wood filler and sandiiig is subsequently required. In extreme cases the PB components 
must be discarded. 

The cost of the surface treatment required to rectify edge damage can be more than ten times greater than all 
the other machining costs combined. Optimal selection of PB manufacturing conditions and of subsequent 
machining parameters gives the opportunity for a 5 to 50% reduction in these costs. However, despite the 
importance of this question, only general descriptive information is available. Value-added production 
managers and operators typically have to rely heavily on intuition and personal experience. 

Many work piece, machine and process factors affect the quality of the machined part. Obvious factors 
include the composite panel properties, sharpness of the cutting edge, volume of material being removed and 
the precision of machinery. Less visible but equally important are cutting speeds, tool diameter, number of 
teeth and cutting edge geometry and material properties. To be competitive, it is also essential that this process 
is performed by the most economic means minimizing material waste and maximizing tool life as well as 
producing a part of the desired quality on a consistent basis. 

The objective of this research work is to identify the critical parameters that are important during the 
manufacture of PB, and during subsequent machining. PB manufacture and subsequent end-use can then be 
matched to each other to achieve the best results. These processing advances will directly improve product 
quality and the economic competitiveness of value-added manufacturers who use PB. 

Proposed Approach 
There has been considerable previous work done on PB machining / cutting. The focus of this work has been 
mainly on the cutting tool material and wear and their interaction with process parameters such as depth of cut 
and tool geometry [1,2,3]. PB properties are typically assumed to be plane-isotropic. Models from metal 
cutting and developments in solid wood cutting have been applied to gain an understanding of the interaction 
of these parameters and their effect on PB cutting [4]. 

The problem with this approach is that PB characteristics and cutting behaviour are over-simplified. A plane-
isotropic assumption works well for large-scale properties such as panel stiffness. When the cutting tool and 
its interaction with PB are of interest, a smaller scale view is required [5]. In addition, PB characteristics and 
cutting behaviour cannot be described from metal and solid wood theory alone. The reason is that many 
additional factors such as resin content and particle size, orientation and slendemess ratio have a substantial 
effect on PB properties [6]. As a result, the findings from previous studies have been prone to variability and 
are difficult to apply in an industrial setting. 

This study applies a new approach that focuses on PB microstructure and material characteristics. The reason 
is that during cutting, the cutting tool interacts with just a few wood particles in PB at any one time. A recent 
study indicates that PB cutting behaviour is related to the relative strength of individual wood particles and 
their resin bonds [5]. When cutting causes mainly localized wood failure leaving glue bonds intact, the surface 
quality tends to be good. When cutting causes mainly glue bond failure leaving wood particles intact, the 
surface quality tends to be poor. This study will build on this concept by developing a detailed strength model 
of wood fibers and glue bonds that predicts the mode of failure. The effect of the process parameters such as 
the volume of material removed and cutting speeds will be included as a cutting force. The effect of resin 
content and particle size, orientation and slenderness ratio as well as other factors on PB strength will also be 
incorporated in the model. The strength of the wood fibers and glue bonds will be experimentally measured 
under typical PB cutting conditions to develop and verify the model. 



The industrial application of the model will be in the development of practical relationships and guidelines to 
relate cut surface quality to PB characteristics and process parameters. These will apply to machine set-up, 
machined quality and process troubleshooting in value-added manufacturing. In addition, the model will be 
used to determine the characteristics and process factors that maximize machined surface quality and at the 
same time maintain the cost advantage of PB. Recommendations can then be made to PB producers on 
methods of improving machined surface quality. 
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Progress Report as of March 31, 2003 
Progress on the project has closely followed the workplan. In year one, four major milestones were 
accomplished: 

1. Review of previous work in PB machining and the identification of panel properties and process 
parameters that have been shown to affect machineability. A report entitled "Application of Previous 
Work to Improve Particleboard Machining" summarizes the findings [7]. 

2. Design and construction of a slow speed cutting test apparatus and the examination of the key 
machining process parameters such as rake angle and chip thickness/depth of cut. 

3. Identification of a probable cutting mechanism and the development of a conceptual model. A 
fracture mechanics approach has been shown to be successful at modeling particle and inter-particle 
bond strength [6]. A conceptual model has been developed upon this approach and others used for 
solid wood. 

4. Identification of the important machined quality and panelboard properties. To accomplish this, a 
survey was mailed to cabinet and fiimiture manufactures across Canada. 

Work in year two also focussed on 4 major milestones. First, preliminary relationships were developed for the 
effect of PB properties on machined quality. Based on recent experiments and previous work, the following 
relationships have been proposed to effect machined PB quality: 

a. Quality improves as the particle size decreases: chipping and void formation increase with particle size 
until the resin content to surface area ratio reaches a threshold limit. As this ratio drops below this 
threshold, the particle bond strength is substantially reduced again increasing the likelihood of 
chipping and void formation. 

b. Quality improves as the uniformity of the resin distribution improves: uneven resin distribution creates 
groups of well-bonded particles bridged by poor-bonded particles. The poor-bonded groups create 
regions of low strength where mechanical failure is more likely to occur. Well-bonded particles create 
regions of high strength where failure is less likely to occur. The well-bonded particles act like a 
single large particle and in a similar way degrades quality. 

c. Quality improves as the resin content increases: sufficient resin content is required to ensure that every 
particle has the same bond strength to its neighbour to prevent large particle behaviour. It is also 
required to provide sufficient bond strength to ensure that each particle is cut rather than pulled out of 
the panel by the tool. Particle pullout leads to chipping and void formation. 

d. Quality improves as the panel density increases: densification of the panel is required to force particles 
into close contact with their neighbours such that bonds between particles are maximized. An increase 
in density beyond this may be of no benefit to machining. 

The second and third major areas of work, the identification of key PB processing factors and the development 
of a framework to understand their effect on PB properties and machined quality has been completed. The 
decision to manufacture PB panels at Forintek for testing simplified the process variables. This allowed the 
key factors to be narrowed to particle size, resin content, blending, resin distribution and pressing. The 
framework to experimentally examine the relationship between these factors involves varying one of the 
factors (independent variable), minimizing the variability caused by the other factors and measuring the effects 
on machined quality. Measurements of cutting force, edge chipping and void content are used as measures of 
machined quality as well as to quantify the effect of each independent variable. Cutting experiments are 
conducted on the constructed slow speed cutting apparatus. The copper sulphate PF-resin tagging method 
patented by Forintek is used to quantify the resin content and examine resin distribution. 

Two sets of PB panels, 45 lbs per cubic foot density, were manufactured for the machining tests. In the first 
set, uniform PB was manufactured to examine the effect of press time. Three panels were produced from a 
single batch of resinated furnish to maintain consistent particle size proportion, resin content (8% UF resin 
solids) and blending. In the second set, uniform PB was manufactured with tight control of particle size. 



Particles were classified into three size categories using screens: 0.8 to 1.9 mm, 1.9 to 3.75 mm and 3.75 to 
4.75 mm. Panels were then produced from each category maintaining consistent resin content (8% UF resin 
solids), blending and pressing. 

The machining tests results from the manufactured PB samples confirmed many of the proposed PB quality, 
manufacturing and property relationships but also showed a high degree of variability. The first set of 
machining tests on the manufactured PB showed a correlation with press time and particle size but the 
relationship was not strong. Substantial changes in cutting force, edge chipping and void formation were 
observed but these did not sometimes correlate well with press time or particle size. In order to verify the 
analytical relationships with confidence, the PB variability must be reduced. It is suspected that this variability 
is caused by inconsistent resin coverage and panel density. A reduction of this variability is the focus of the 
work in the first quarter of year 3. 

Progress has been made in the 4* major area of work, development of an analytical model of the machining 
process that predicts machined quality. An analytical relationship of the normal cutting force and PB material 
behaviour has been developed. Based observations made in the PB cutting tests, the normal cutting force was 
isolated and simulated using an edge compression test. This test was performed on an Instron test instrument 
with a compression load cell. Using a custom designed 1.6 mm thick rectangular indenter to simulate the 
cutting tool, the panel edge was compressed and the strength and modulus of elasticity (MOE) of the panel 
were measured. The results show a consistent and distinctive stress-strain relationship, which was very useful 
for analytical modelling. As with the machining test results, the compression strength and M O E did not 
correlate well with press time or particle size. Although surprising, this simplified the model of normal cutting 
force. Experimental verification of this analytical relationship will be performed in the first quarter of year 3. 
Further analytical development has been delayed as a result of PB variability and the weak correlation between 
PB quality and its manufacturing and panel properties 

In summary, substantial progress has been made in the first two years of the project closely following the 
workplan. A l l of the milestones in year 1 and three of the four milestones in year 2 have been completed. 
Variability in the PB has caused some difficulties in verifying the proposed quality, manufacturing and panel 
property relationships but these are expected to be resolved early in year 3. 

Impact to Date or Expected Impact 
The result of the research is anticipated to have two industrial applications. First, the particle and glue bond 
strength and cutting force models will be developed into relations that can be used by production managers 
and machine operators. Based on PB material properties, these will provide guidelines on how to set-up 
machinery to produce the optimum surface finish quality and production speed. 

Second, the particle and glue bond strength models and the results of the simulation will be analyzed to 
determine the PB characteristics that produce the highest quality cut surface while at the same time minimizing 
cost and maintaining other key panel characteristics. It is anticipated that the particle size, aspect ratio and 
roughness could be improved. Recommendations will be made to PB producers on methods to improve cut 
surface quality. 



Work Planned f o r 2003/2004 
The industrial application of the results and findings will be the focus of the project work in Year 3. 

Project Plan and Milestones 

A c t i v i t i e s 2003/2004 Planned 
Completion Date 

Develop an analytical model of the machining process that predicts machined quality June 30, 2003 

Verify and fine tune model July 31, 2003 

Identify processing parameters and panel characteristics that allow machining speed increase November, 2003 

Summary of key findings for the TAC meeting January, 2004 

Develop guidelines and look-up tables for value-added manufacturers to set processing 
parameters (feed and spindle speed, tool geometry, etc.) and troubleshoot problems February, 2004 

Recommend PB composition and manufacturing process improvements March, 2004 

Complete final project report March, 2004 

Research Partners 
Department of Mechanical Engineering, U B C 
Centre for Advanced Wood Processing, U B C 
Craftsman Panel Cutters, Delta, B C 
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