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Wood-plastic composites require a molding process to fabricate composite wood products which
limits the ability to create basic forms. To develop complex items, manufacturers must use a milling
process, which can create for several patterns. Therefore, this research aims to investigate the milling
parameters that influence the machined surface quality of composite made from rubber wood powder and
recycled polypropylene. This material has advantages in high strength and moisture resistance. The milling
parameters considered were spindle speeds of 330, 610, and 850 revolutions per minute, feed rates of 43,
120, and 200 mm/min, and cutting depths of 1, 3, and 5 mm. The impact of milling parameters on surface
roughness and burr formation was investigated. The results revealed that surface irregularity decreased
with an increase in spindle speed, but decreased with a reduction in feed rate and cutting depth. By
increasing the feed rate and spindle speed while decreasing the cutting depth, burr formation was reduced.
Burr formation was greater in up milling compared to down milling due to the direction of the cutting edge's
rotation direction being opposite to the feed direction of the workpiece. The recommended milling
parameters were as follows: a spindle speed of 850 RPM, a feed rate of 43 mm/min, and a cutting depth
of 1 mm, resulting in a surface roughness of about 6.575 pym. The minimum burr formation was
approximately 0.770 mm in up milling and 0.256 mm in down milling, under the conditions of a 850 RPM
spindle speed, 120 mm/min feed rate and 1 mm cutting depth. The average differences between the
predicted and actual milling results were 2.136% for surface roughness, 1.639% for burr formation in up
milling, and 1.87% in down milling. These results can applied to improve the milling wood and plastic

composites and forecast the quality of the milled surface.
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Table 1 Components of RWF wood and rPP plastic composites (Srivabut et al., 2019)

Mixture component wt%
Recycled polypropylene; rPP 51.8 %
Rubberwood flour; RWF 35.9 %
Calcium carbonate; CC 72 %
Maleic anhydride-grafted polypropylene; MAPP 3.9 %
Ultraviolet; UV 0.2 %
Lubricant; Lub 1.0 %

55

18 ™

[+

Figure 1 A sample of wood plastic composite
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Table 2 Slot milling parameters

(B)

Figure 2 (A) a vertical milling machine and (B) an end mill.

Level
Slot milling parameters Unit
Low Medium High
Speed (S) rpm 330 610 850
Feed Rate (F) mm/min 43 120 200
Depth of Cut (D) mm 1 3 5
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.

Figure 3 Equipment for workpiece quality measurement: (A) a surface roughness tester and (B) a microscope

55 mm.

2.5mm. | 17.5mm. 17.5 mm. 17.5 mm.

55 mm.
8 mm.

Workpiece Feed

Down Milling

Up Milling

Figure 4 Diagram of slot milling operation.
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Down Milling

‘Workpiece Feed

1mm.

Figure 5 Characteristics of machined surface finish in slot milling (A) a case of no burr generation (B) a case of burr generation.
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Figure 6 Normality analysis for surface roughness (A) normal probability examination (B) residuals vs. run

examination (C) residuals vs. predicted response examination and (D) actual vs. predicted response examination.
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Table 3 Variance analysis (ANOVA) for surface roughness

Source Sum of Squares df Mean Square F-value p-value
Model 342.90 26 13.19 40.90 < 0.0001
S 169.70 2 84.85 263.11 < 0.0001"
F 73.68 2 36.84 114.23 < 0.0001"
D 39.50 2 19.75 61.24 < 0.0001
SF 40.98 4 10.24 31.77 < 0.0001°
SD 7.79 4 1.95 6.04 0.0004
FD 7.27 4 1.82 5.64 0.0007
SFD 3.98 8 0.4978 1.54 0.1642
Pure Error 17.41 54 0.3225
Cor Total 360.32 80
R?=89.88
Note: * Refers to a significant factor
Interaction Interaction Interaction
1 B: Feed Rate (mm/min) 15 C: Depth of Cut (mm) 1 C: Depth of Cut (mm)
13 13 13 |
- 1M - 1] = e 1 . B 3
7 L] 7 : 7 | '
5 5 5
330 610 850 330 850 43 120 200

A: Speed (rev/min)

A: Speed (rev/min)

B: Feed Rate (mm/min)

Figure 7 Analysis of factors affecting surface roughness values. (A) speed and feed rate (B) speed and depth of cut and

(C) feed rate and depth of cut.
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Table 4 Comparing calculated values from regression equations and actual measured values. (R,)

No. Speed Feed Rate Depth of Cut Cal. R, Actual R, Error ﬂ 100
(rpm) (mm/min) (mm) (Fp (dy) e, = d-F, d;

1 850 43 1 6.250 6.254 0.004 0.064
2 610 120 1 8.282 8.243 -0.039 0.473
3 610 43 3 8.829 7.792 -1.037 13.309
4 850 43 3 6.678 6.797 0.119 1.751
5 610 43 5 10.099 9.989 -0.110 1.101
6 330 120 5 11.142 10.952 -0.190 1.735
7 850 120 1 7.800 7.811 0.011 0.141
8 330 43 1 9.477 9.611 0.134 1.394
9 610 200 5 10.248 10.233 -0.015 0.147
10 610 200 1 9.104 8.992 -0.112 1.246
MAPE 2.136




Recent Science and Technology 17(2) 262664 (2025)

Normal Plot of Residuals
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Figure 8 Normality analysis for burr formation (up-milling): (A) normal probability examination (B) residuals vs. run

examination (C) residuals vs. predicted response examination and (D) actual vs. predicted response examination.
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Figure 9 Normality analysis for burr formation (down-milling): (A) normal probability examination (B) residuals vs. run

examination (C) residuals vs. predicted response examination and (D) actual vs. predicted response examination.
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Table 5 Results of variance analysis for burr formation (up-milling)

Source Sum of Squares df Mean Square F-value p-value
Model 0.2755 26 0.0106 68.55 < 0.0001"
S 0.0215 2 0.0108 69.67 < 0.0001°
F 0.1173 2 0.0587 379.54 < 0.0001"
D 0.0458 2 0.0229 148.11 < 0.0001"
SF 0.0112 4 0.0028 18.15 < 0.0001"
SD 0.0365 4 0.0091 59.11 < 0.0001"
FD 0.0406 4 0.0101 65.63 < 0.0001"
SFD 0.0025 8 0.0003 2.03 0.0602
Pure Error 0.0083 54 0.0002
Cor Total 0.2838 80
R?= 9222
Table 6 Results of variance analysis for burr formation (down-milling)
Source Sum of Squares df Mean Square F-value p-value
Model 0.0331 26 0.0013 69.72 < 0.0001"
S 0.0027 2 0.0013 73.77 < 0.0001"
F 0.0144 2 0.0072 395.06 < 0.0001"
D 0.0057 2 0.0029 156.80 < 0.0001"
SF 0.0012 4 0.0003 16.54 < 0.0001"
SD 0.0042 4 0.0010 57.32 < 0.0001"
FD 0.0047 4 0.0012 64.46 < 0.0001"
SFD 0.0002 8 0.0000 1.04 0.4180
Pure Error 0.0010 54 0.0000
Cor Total 0.0341 80

RZ=03.12
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Figure 10 Analysis of factors affecting on the burr formation (up milling): (A) speed and feed rate (B) speed and

depth of cut and (C) feed rate and depth of cut
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Figure 11 Analysis of factors affecting on the burr formation (down milling): (A) speed and feed rate (B) speed and

depth of cut and (C) feed rate and depth of cut
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Table 7 Comparing calculated values from regression equations and actual measured values. (up-milling)

No. Speed Feed Rate Depth of Cut Cal. Burr Actual Burr Error M <100
(rpm) (mm/min) (mm) (F) (d,) e, = diF, d;

1 850 43 1 0.811 0.802 -0.009 1.122
2 610 120 1 0.795 0.816 0.021 2.574
3 610 43 3 0.968 0.951 -0.017 1.788
4 850 43 3 0.937 0.943 0.006 0.636
5 610 43 5 0.888 0.912 0.024 2.632
6 330 120 5 0.802 0.819 0.017 2.076
7 850 120 1 0.784 0.789 0.005 0.634
8 330 43 1 0.788 0.778 -0.010 1.285
9 610 200 5 0.783 0.792 0.009 1.136
10 610 200 1 0.779 0.799 0.020 2.503
MAPE 1.639

Table 8 Comparing calculated values from regression equations and actual measured values. (down-milling)

No. Speed Feed Rate Depth of Cut Cal. Burr Actual Burr Error M x 100
(rpm) (mm/min) (mm) (Fy) (dy) e, = d-F, d;

1 850 43 1 0.270 0.268 -0.002 0.746
2 610 120 1 0.263 0.267 0.004 1.498
3 610 43 3 0.325 0.317 -0.008 2.524
4 850 43 3 0.313 0.317 0.004 1.262
5 610 43 5 0.299 0.313 0.014 4473
6 330 120 5 0.266 0.271 0.005 1.845
7 850 120 1 0.262 0.268 0.006 2.239
8 330 43 1 0.263 0.259 -0.004 1.544
9 610 200 5 0.262 0.266 0.004 1.504
10 610 200 1 0.260 0.263 0.003 1.141
MAPE 1.878
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