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Investigating the behavior of axial force and temperature in the drilling process
of glass/epoxy composites with and without curvature
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Department of Mechanical Engineering, Arak University of Technology, Arak, Iran
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Article Information Abstract
Original Research Paper Fiber-reinforced composites are widely used in industries due to their high strength-to-weight ratio, high
Received: 10 June 2023 stiffness, and proper performance. One of the applications of composite laminates is fluid transmission by
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means of composite pipes. In this study, due to the increasing use of composite pipes, the effect of the main
Accepted: 18 August 2023 P pIp 4 g p pip

drilling parameters such as feed rate, rotational speed and tool diameter on the thrust force and temperature in

the drilling of composite laminates with curvature was investigated and the results compared with one of

Keywords:

Glass/Epoxy Composites composite laminates without curvature. To this end, glass fiber/epoxy composite laminates were manufactured

Drilling of Laminated Composites by hand lay-up method. The experimental results show that, in general, in all diameters and feed rates, the

Thrust Force thrust force in both composite laminates decrease with increasing rotational speed, but the effect of this

Response Surface Method parameter on temperature depends on the curvature of the composite laminates. Also, increasing the feed rate
in both laminates increases the thrust force and decreases the temperature, and this is due to the increase of the
pressure of the tool on the composite laminates and the reduction of the engagement time of the tool with the
composite laminates, respectively. Finally, in general, the axial force and temperature in the same drilling
parameters in the composite laminates with curvature is lower than that one without curvature.
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Fig. 2 Drilled plate Glass/Epoxy laminated composite
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Fig. 4 Diagram of residual fitted values in association with fitted model
to data points
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Table 6 Temperature experimental results of curved and Plate
laminated composites
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Table 4 Thrust force ANOVA analysis results of curved laminated
composite

OSikee o a0

P laie  F- e ] s

value value Slasyo Slaye el Fr
MS) (SS) (DF)

0.000 39.14 1.6177 12.941 8 Joe
0.000 74.79 3.0913 3.0914 1 v (rpm)
0.000 48.78 2.0160 2.0160 1 f (mm/min)
0.000 150.99 6.2410 6.2410 1 d (mm)
0087 381  0.576 01576 1  v2(rpm)?
0.010 11.25 0.4651 0.4651 1 d?(mm)?
0.035 6.45 0.2664 0.2665 1 v X f
0.016 9.16 0.3784 0.3785 1 v X d
0.009 11.62 0.4802 0.4802 1 fxd
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Table 5 Thrust force ANOVA analysis results of plate laminated
composite

Q-SJL“ o 4,0

P- ke F- i

4o Lo 5o Lo
Cjeels Cajeels ” ‘ﬂ i ok
. . S9rien DTS mm o]
Lol g kel (mm/min) (rpm) (mm) - eles
T(°c) T(°c)
335 28.5 10 500 2 1
41.6 37 10 2500 2 2
39 31 50 500 2 3
39.3 383 50 2500 2 4
56.6 48.5 10 500 8 5
773 56.2 10 2500 8 6
55.5 52.6 50 500 8 7
70.7 48.8 50 2500 8 8
48.9 44.8 30 500 5 9
69.4 46.5 30 2500 5 10
66.4 57.5 10 1500 5 11
53 46 50 1500 5 12
38.6 30.5 30 1500 2 13
70.1 59.7 30 1500 8 14
55.4 49.7 30 1500 5 15
50.4 51.5 30 1500 5 16
49.9 53.7 30 1500 5 17
°
0.2
°
< 01 °
3 ® ° °
g 0.0 ° @ ° P
© -0.1 o ©® N
-0.2 °
0 1 2 3 4
Fitted Value

Fig. 5 Diagram of residual fitted values in association with fitted model
to data points
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Table 7 Temperature ANOVA analysis results of curved laminated
composite

value value Slaye Sl sl Fr
(MS) (SS) (DF)

0.000 129.36 49258 29.554 6 Joe
0.000 180.48 6.8724 6.8724 1 v (rpm)
0.000 101.27 3.8564 3.8564 1 f (mm/min)
0.000 404.44 15.400 15.400 1 d (mm)
0.014 8.83 0.3362 0.3362 1 v X f
0.000 54.64 2.0808 2.0808 1 v xd
0.000 26.48 1.0082 1.0082 1 fxd

Sile &z 4z 0

P ade  Fe e : o s

value value Slasye Sl 690 Fr
(MS) (SS) (DF)

0.000 38.95 246.51 1479.1 6 Joe
0.102 3.23 2045 2045 1 v(rpm)
0.046 5.18 32.76 32.76 I f(mm/min)
0.000 168.63 1067.1 1067.1 1 d (mm)
0.003 1590 10059  100.59 1 v2(rpm)?
0.016 8.30 52.49 52.49 1 d? (mm)z
0.019 7.74 49.01 49.01 1 v X f

Yd
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Fig. 7 Drill diameter and spindle speed interaction in constant feed rate
of 30mm/min on thrust force in drilling of laminated composites a)
curved b) plate
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Fig. 8 Feed rate and spindle speed interaction in constant drill diameter
of Smm on temperature in drilling of curved laminated composite
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Fig. 9 Drill diameter and spindle speed interaction in constant feed rate
of 30mm/min on temperature in drilling of laminated composites a)
curved b) plate
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Table 8 Temperature ANOVA analysis results of plate laminated
composite

il & a0
P- )L.\.E.a F- )L.\.E.a _ oo 3
value value Slasye Slasye l3! Fr
MS) (SS) (DF)
0.000 32.32 1164.9 2329.8 2 Joe
0.003 12.73 419.90 419.90 1 v (rpm)
0.000 57.91 1909.9 1909.9 1 d (mm)
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Fig. 6 Feed rate and spindle speed interaction in constant drill diameter
of Smm on thrust force in drilling of laminated composites a) curved b)
plate
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Fig. 11 Effect of drilling parameters (spindle speed, feed rate, drill
diameter) on thrust force in drilling of Plate laminated composite
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Fig. 12 Effect of drilling parameters (feed rate, drill diameter) on
temperature in drilling of curved laminated composite
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Fig. 13 Effect of drilling parameters (spindle speed, feed rate, drill
diameter) on temperature in drilling of plate laminated composite
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Fig. 10 Effect of drilling parameters (spindle speed, feed rate, drill
diameter) on thrust force in drilling of curved laminated composite
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Fig. 15 Optimization of thrust force and temperature in drilling of plate
laminated composite
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Fig. 14 Optimization of thrust force and temperature in drilling of
curved laminated composite
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