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Abstract 

The experimental matrix from previous work [5] was expanded by a high temperature corrosion effect 

(HTC) of particleboard towards a binder in cemented carbide, expressed by quantifier ( RMSMI) ' A new 

multivariable analysis was developed, incorporating a complete model of cutting edge wear (,hP) from a cut-

ting path (Cp), sharpness (fiF) and rake (yF) angles, content (.SAC) , weighted average size of particles 

( WASS) of mineral contamination, a quantifier (RMSMI) and a porosity fraction (Ps) ･ A model of the func-

tional dependence hP=f(Cp, Cs, fiF, yF, RMSMI' SAC, WASS, Ps) during coated particle board longitudinal 

milling was developed. The HTC effect was confirmed as an important factor influencing the tool wear 

process dunng particleboard milling. This material property has not been considered in previous studies 

[4, 5]. 

Key Words: Melamine Coated Particle Board, Milling, Cemented Carbide, Cutting Edge Wear, High Tem-

perature Corrosron 

INTRODUCTION 

In previous work [5], the authors presented an experimental study of the influence of the 

average content and size of hard mineral contamination for three different particleboards 

manufactured industrially. The particleboards were milled with different cutting paths, sharp-

ness and rake angles. High variation of machining properties that could not be explained only 

by mineral contamination was observed (Fig. 1) . The cutting edge wear process is affected by a 

supposed presence of an unrecognized chemical wear 

Other unpacts on the cutting edge wear of several particle board properties have been ex-

cluded, namely: resin and filler content in melamine film and its micro-hardness 

In the present study, the HTC effect of a particle board towards the binder in cemented car-

bide, expressed by quantifier ( RMSMI) ' was added to the previous experimental matrix analyzed 

in [5] . A new mesh analysis of the hard mineral contamination was performed. The experimen-

tal matrix was also expanded by a relative, two-dimensional macro porous share (Ps) ･ A new 

multrvariable analysis was performed, resulting in the complete model for the three examined 

particleboards. 
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Fig. I . The plot of the cutting edge wear (hP) , versus the cutting path length (Cp) and the cutting speed 

(Cs) , predicted from: a-model (6) ; b-model (7) ; c-model (8) for three different coated particle 

boards [5] 

MATERIALS AND METHODS 

The melamine coated particle boards analyzed in the previous study [5] were used, as well 

as three new particleboards and a sample of Scots pine (Pinus silvestris) wood were examined 

to investigate the HTC effect towards a binder of cemented carbide. To evaluate the (RMSMI) 

quantifier, a method presented in work [2] was used. The material of the cutting edge was the 

cemented car~ide K05 produced by Leuco. Germany. The hard contamination particles were 

separated into fractions using 1 500, 600, 400, 200, 100 and 50 pm steel meshes. The two biggest 

fractions of contamination particles were excluded for evaluation of ( SAC) and ( WASS) . The 

( WASS) was estimated for six fractions. In the actual study, the ( SAC) for a skin was used in-

stead of the average content of hard mineral contamination. Results of the analysis show that 

the ( SAC) for the skin is about twice as high as average one. The relative, two-dimension macro-

porous share (Ps) was evaluated by a tool microscope 

A multifactorial, non-linear regression analysis of the experimental matrix expanded by the 

( RMSMI) qu~ntifier was performed . The quality of approximation was checked using: a summa-

tion of residuals square (SK) , the average deviation from the regression curve (SR) , and the 

variation (V) . 

For data processing, a computer optimization program, based on gradient-random method 
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Table 1 The correlation coefficient (R) , average deviation from regres-

sion curve (SR), the summation of residuals square (SK) , the 

variance ( V) 

R
 SR pm SK V

 

0.99 3 .06 337 8.9 
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Fig. 2. The plot of the cutting edge wear (hP) 

~_ O 100 11111 
, predicted from formulas (1) versus the wear (hO) observed 

developed in [1] with further changes [3] was used 

Supercomputing and Networking Center (PCSS) 

Calculations were performed at the Poznafi 

on an IBM PS-2 computer 

RESULTS AND DISCUSSION 

The model (1) is an generalization of the relation between cutting edge wear, the properties 

of material being machined and the cutting parameters, hP =f(Cp, Cs, fiF, yF, SAC. WASS, RMSMI' 

Ps) , when milling coated particle board longitudinal 

hP= 8.5 ･ 10~3 ･ 0.3 18yF･ pF 1･ocn . C0.205 . SoA.2c93 ' WIA.~7s56 .R~MSO:~:o~l75 ~ 7.89 ･ 10~5 . C ･ W1.606 
ASS 

+ 3 .786 ･ Cp ･ R2~~3s7M51 + O. 174 ･ yF･ WIA.~8s2 ~ 42.386 ･ SIA.3c97 . P5.246 

W1 220 

' [ pm] ; hP> O (1) 4 759 RMSMI ~ss 

The cutting edge wear increases with increase in the content ( SAC) and particle size of the 

hard mineral contamination ( WASS) over whole range of variation (Fig. 5) . The influence on 

edge wear of the corrosivity of the machined material towards tool matenal is represented by the 

quantifier (RMSMI) ' This increases with increase in the cutting path length (Cp) (Fig. 4) . Fol-

lowing the (Cp) increase, the impact of RMSMI on cutting edge wear increases with temperature 
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The plot of the cutting edge wear (hP) , predicted from the model (1) , versus the content of hard 

mineral contamination ( SAC) and the weighted average size of contamination particles ( WASS) 

nlin~l 

1
 

h
~
~
,
 

I
 

I l l I ll l l I I l l I ' l -f '-

I
 

l I J* -t 
:' -' I l 
I I l I

 

I I ' .' 
I Ir '- I

 

'1li' 1~h= 
l~'t' 1 IL 
l
 

~ 1~~: t 
--- ,' 

. ..~i - - dh:1-

O 035 1000 g
 

I
 
I
 

l
 

l l ~ I l 'b l J - I
F
 

- I I' tL [ llb 

l ~L l~ 
l I I
 

,L 

l lb I ' 
l
 

llL l -tlh:~t~ Ibl~l' : 

Fig . 4
 

~. 

lOO 

hF 
1 nll 

BO S ~c =309Bmgikg 

WAS 5 =60lim 

70 F5 =0,003S 

60 
O!04~_ 

lll 1 500 

The plot of the cutting edge wear (hP) , predicted from model ( I ) , versus the corrosivity of particle 

board (.RMSMI) and the cutting path length (Cp) 
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Fig' 5. The plot of cutting edge wear (hP) , predicted from model (1) , versus the weighted average siZe of 

hard contaminatiOn particles ( WASS) and the corrosiVity of Particle bOards (RMSMI) 

in the cutting zone. The role of (RMSMI) decreases with increase of ( WAS) (Fig. 5) . The reason 

for this behaviour is probably creation of notches (loss of many WC grains at the same time) 

caused by hard mineral contamination particles, bigger than the WC grain size, and indentation 

into the surface machined during the cut. At the bottom of the notches, until their smoothing 

the pressure on the cutting edge diminishes, resulting in reduction of the HTC. The increase of 

porous share (Ps) decreases the cutting edge wear with an interaction term SAC ' Ps･ The 

porosity causes less strengthening of particles of hard mineral contamination in the structure of 

a particleboard. 

Over the whole range of variation, the cutting edge wear (hP) increases with decrease of the 

sharpness angle (fiF) (Fig. 6) . Below fiF= 45' this effect is much more rapid, and speeds up with 

reduction of rake angle (yF) . The influence of the rake angle (yF) on the cutting edge wear (hP) 

(Fig. 6) is complex. A minimum cutting edge wear (hP) can be observed for certain values of 

the (yF) . However, the minimum increases with increase in ( ZzM) and ( SwRZ. ) ･ For the lowest 

( ZzM) and ( SwRZ) , the minimum of (hP) was observed for fiF= 9' . According to this finding, it 

can be stated that the optimal rake angle for coated particle board milling presented in the litera-

ture [6] , where content and size of the mineral contamination was not varied, has no general ap-

plicability 

Increase in the cutting path (Ls) causes a proportional increase of the cutting edge wear 

(hP) (Fig. 7) . This is different from previous observations [4,5] . An explanation of the HTC 

properties of material machined, expressed by quantifier (RMSMI) ' is included in the model (1) 
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predicted from model ( I ) , versus cutting speed (cs) and cut-

The increase of the cutting speed (Cs) results in increase in the cutting edge wear (hP) (Fig. 7) 

This applies to the whole range of variation of (Cs) , and is in agreement with previous works 

[3,5,6] . An interaction term of ( WASS) with the (Cs) on the (hP) was derived. The role of the 
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cutting speed is not large compared to the role of other variables 

CONCLUSIONS 

l . The quantifier describing the HTC properties of coated particle boards (RMSMI) was 

used to develop a generalized model of the relationship between cutting edge wear (hP), 

stereo,metrical parameters of the cutting edge, machining parameters as well as some properties 

of material machined in case of different particle boards 

2. The size of particles ( WASS) and the content ( SAC) of hard mineral contamination are 

important factors infiuencing the cutting edge wear (hP) 

3 . The cutting edge wear (hP) highly depends on the sharpness angle (fiF) , especially be-

low fiF=45". The cutting edge wear (hP) decreases with increase of ( fiF) over the whole exa-

mmed range 
4. The influence of the rake angle (yF) on cutting edge wear (hP) is complex. The mini-

mum (hP) for certain values of (yF) , increasing with increasing ( ZzM) and ( SwRZ) , can be ob-

served. For the lowest (ZzM) and (SwRZ) the minimum value of (hP) was observed by fiF= 9' 

5 . The cutting edge wear (hP), while milling coated particle broads, depends not only 

from variables examined (Cp, Cs, fiF, yF, RMSMh SAC, WASS, Ps) , but also from several interac-

tion terms: Cp ･ RMSMI; yF ' WASS; Cs ' WASS; SAC ' Ps; RMSMI ' WASS, making problem ana-

lyzed very complex 

6. The cutting path (Cp) Proportionally impacts the cutting edge wear (hP) 

7. Over the whole range of variation, increase in cutting speed (Cs) increases the cutting 

edge wear ( hP) . 

8. Increase in porous share (Ps) decreases the cutting edge wear (hP) 
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