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Abstract 

This study examines the edge quality of a workpiece of melamine-coated particleboard after peripheral 

milling. Novel multivariable relations were developed to relate material machined properties, cutting edge 

stereometrical parameters and machining parameters to the resulting machining quality 
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INTRODUCTION 

It is known from the literature that machining quality deteriorates with increased feed rates 

per tooth (fRPT) and cutting edge wear (h) [6] . Similar effects were observed for cutting speed 

(Cs) and large cutting edge wear (h) [6] . Deterioration of the machining quality with increas-

ing vibrations of the tool support of the machine was also observed [6] . The most important 

criterion of machming quality during peripheral milling of coated particleboard appears to be 

the state of the workpiece edge since a skin easily gets chipped. This criterion is a basis for defin-

ing the acceptable wear of the cutting edge [4] . In the literature, a rank-weighted, unsymmetri-

cal, quantifier ( SA ) of the edge quality after coated particleboard machining was established for 

evaluation and verified as optimal [1 , 6] . For some coated particleboards, produced by different 

manufacturers, Iarge variations in machining quality after peripheral milling in constant cutting 

conditions has been reported (Fig. I .) [3, 5]. Large workpiece edge damage (chipping) can be 

observed. 

The damage affects a large width of the wide surface of the workpiece, and a much lesser 

depth measured at an angle of 45' to wide surface of the workpiece. Because the ( SA ) is evaluat-

ed based on the depth of the damages, the use of the ( SA ) quantifier in case of large damage was 

ineffective. The low tear off strength (Tos) of the skin of some particle boards was evidenced as 

a major factor impacting abnormal poor edge quality [3, 4] . In practical work, the edge quality 

for different coated particleboards after peripheral milling has been studied 
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Frg. I . The edge state of coated particle boards by different tear-off strength (Tos) , after similar cutting 

path length (Ls) ) ; a)-Tos= 0.9 MPa; b)-Tos= I . I MPa; c)-Tos= 2.1 1 MPa; d)-Tos= I .53 MPa 

(from L4]) 

MATERIALS AND METHODS 

Experiments were performed on three-layer melamine coated particleboards, designed for 

furniture industry, and manufactured industrially in different factories. The average density of 

the particle boards was 630 ~ 770 kg/m3, moisture content 4 ~ 6~6, and thickness 12 ~ 18.5 mm 

Peripheral milling was conducted on a SCM milling machine with arbor rotation speeds of 2930, 

4447, 6030, 7853, 10008 rpm. The machine was equipped wrth a Festo feeding device with rub-

ber wheels. This allowed control of the feed speed in the range of 0.5 ~ 22 m/min. The cutting 

depth was 3 .4 mm. The feed rate per tooth (fRPT) was calculated according to the milling time, 

the feeding length (LF) and RPM. One cutting edge was employed. The skin tear off strength 

was evaluated on a strength machme usmg a shaft glued to the surface. Before gluing, a ring in-

dentation of depth 0.3 mm was made (Fig. 2) . The particle boards were milled with different 

cutting edge wear (h) , cutting speeds (Cs) , sharpness ( ftF) and rake angles (yF) . The particle-

boards with high ( Tos) were machined in the first part of experiment. In this case, the ( SA ) 

quantifier was employed for evaluation of edge quality. The measurements were performed with 

a knife type stylus and an inductive transducer. In the second experiment, the particleboards 

with low and high ( Tos) were machined. In this case, the quantifier evaluated from maximum 

with of workpiece edge damage (MsU) was employed. A tool microscope was used for measure-

ments of the width of damage. Table I and Table 2 present the experimental matrices 

A multivariable non-linear, regresslon analysis of the experimental matrices was performed 

usmg a computer optinuzation program based on the gradient-random method. This program 

was developed in previous work [2] with further changes [4] . Calculations were performed at 

Poznafi Supercomputing and Networking Center (PCSS) on an IBM PS-2 computer. The ap-

proximation quality was checked using summation of residuals square (SK) , average deviation 

from regression curve (SR) , and variation (V) 
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Fig. 2. 
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The method of evaluation of tear-off strength of skin (Tos) 

3-glue film; 4-shaft; 5-ring shaped indentation 
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 ; 1- tear-off section; 2-specimen tested; 

Table 1 The experimental matrix No. l 

h pm Tos Mpa CS m/s MSU mm 

26 

26 

26 

26 

26 
4
 
4
 
4
 

40 

22 

33 

71 

1 20 

1 .53 

2. 1 1 

1.13 

1 . 10 

O . 90 

2. I l 

1.13 

1.10 

1 .28 

1 .92 

1 .92 

1 .28 

0.90 

65.0 

65.0 

65 . O 

65.0 

65.0 

65.0 

65.0 

65.0 

65.5 

65.5 

73.5 

29. 1 

65.4 

O. I 05 

O. 120 

0.710 

1.135 

2.090 

0.050 

0.045 

0.070 

1 . 840 

O . 240 

0.070 

2.480 

2.960 

RESULTS AND DISCUSSION 

The model (1) is a generalization of the relationship between work piece maximum damage 

(MSUP)' tear off strength (Tos), cutting edge wear (h) and cutting speed (Cs) 

3 - 1.603 1-3'496 MSUP 8 818 10 O 112TOS h2134 C129 1 726 10 14 C943 2 497 10~ T ' os 'n 

+ 0.06403 [mm] ; MSUO ( I ) 
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Fig. 3 . The plot of the damages width (mPsU) Predicted from formula (.1), versus ( mDsU) values ob-

served 
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Fig. 4. The plot of predicted from formula (2) quantifier SPA, versus SDA Values observed 

The model (1) is a generalization of the relationship between edge quality described by the 

( SAP) quantifier, feed rate per tooth (fRPT) , rake angle (yF) , clearance angle (aF) and the cut-

ting edge wear (h) ) 

0430+0.348 ･h0'618.f~~47T7+4 84 10 O 327yF 0206 1.787 SAP 13 062 O 0375yF･a; ' ･fRPT.h~ ' 
8 823 

The tear off strength (Tos) and the cutting edge wear (h) are the major influences on edge 

quality, as defined by the maximum width of the workpiece's edge damage (MsUP) and their in-

teraction term. The reason for workpiece edge damage is side compression stress generated by 

the cutting edge 

The impact of cutting edge wear (h) decreases with increase of ( Tos) . As (Tos) decreases, 

acceptable machining quality can allow the use of lower acceptable cutting edge wear (Fig. 5) 
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Fig. 5. 
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The plot of the maximal width of edge chipping ( msU) 

off strength ( Tos) and the cutting edge wear (h) 
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per tooth (fRPT) and the cuttmg edge wear (h) 

versus the feeding rate 
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predicted from model (2) , versus the 

The reason is the interaction term Tos ' h in the model (1) . For some particleboards with very 

low Tos < 0.9 MPa, acceptable machining quality is not possible even with sharp tools 

Increase in feed rate per tooth (fRPT) increases machining quality, as indicated by the ( SA ) 

quantifier (Fig. 6) . A similar effect is known from the literature [6] . However, two interaction 
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Table 3 The Correlation coefficient (R), the mean deviation from regression curve (SR), 

the summation of residuals square (SK) , the variance ( V) for models (1) , (2) 

SR mm SK Vmm Im 
R model (1) 

SR mm SK Vmm Im 
R model (2) 

O . 99 0.16 0.4 O . 03 0.87 1 .59 93 .5 2.8 

terms fRPT ･ h and fRPT ･ yF in the model (2) play an important role here, making the problem 

very complex. 

Increase of cutting speed (Cs) for a sharp tool improves the machining quality (Fig. 7) 

This effect can be explained by the decrease in time available for edge swelling of the work piece 

material. The impact of (Cs) diminishes with increase of the cutting edge wear (h) . For h > 40 

pm, it cannot be observed 

A rake angle (yF) increase enables better machining quality (decrease in ( SA ) quantifier) 

(Fig. 8) . The impact of clearance angle (aF) on machining quality is much lower and can only 

be seen for the lowest (yF) and (aF) (Fig. 8) . For these values of (7F) and (oiF) , the increase in 

(aF) decreases the ( SA ) quantifier 

The models (1) and (2) describe novel relationships between the machining quality and 

some of the mechanical properties of coated particle boards, the stereometrical parameters of 

the cutting edge and the cutting parameters. Models (1) and (2) allow for prediction of the ac-

ceptable cutting edge wear for expected edge quality, in terms of the major cutting conditions 

CONCLUSIONS 

1 . The tear off strength of skin coated particle board (Tos) in the range of <0.9; 2.11 

MPa> affects the edge quality by peripheral milling. Increase of (Tos) increases the edge quali-

ty . 

2 Feed rate per tooth (fRPT) in the range of <0.3; 2.2mm> affects the edge milling 

quality. Decrease of (fRPT) increases milling quality 

3 . Cutting edge wear (h) in the range of <5; 1 33 pm> affects the edge milling quality sig-

nificantly. Increase of (h) decreases the milling quality 

4. For a sharp tool, cutting speed (Cs) increases in the range of <19.18; 73.36m/s> 

cause an increase in milling quality. This effect disappears for cutting edge wear h > 40 pm 

5. Rake angle (yF) increase in the range of < - 0.35; 29.770> results in an increase in 

milling quality 

6. For low rake angles, clearance angle (aF) increase in the range <5; 34.2 0> causes 

only a slight increase in milling quality 
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