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ABSTRACT

Composite materials, being light-weight and of high mechanical strength, are increasingly used in various
industries such as the aerospace, automobile, sporting-goods manufacturing, and ship-building industries. Recently,
manufacturing of composite materials using 3D printers has increased. 3D-printed composite materials are made
in free-form and adapted for end-use by adjusting the fiber content and orientation. However, research on the
machining of 3D printed composite materials is limited. The aim of this study is to develop a machine learning
method to select machining conditions for machining of 3D-printed composite materials. The composite material
was composed of Onyx and carbon fibers and stacked sequentially. The experiments were performed using the
following machining conditions: spindle speed, feed rate, depth of cut, and machining direction. Cutting forces of
the different machining conditions were measured by milling the composite materials. PCA, a method of machine
learning, was developed to select the machining conditions and will be used in subsequent experiments under
various machining conditions.
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Fig. 1 3D printer for composite materials
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Fig. 2 Schematic diagram of the test specimen

Table 1 Material composites

Properties Onyx Carbon
Tensile Strength (MPa) - 800
Tensile Modulus (GPa) 2.4 60

Tensile Stress at Yield (MPa) 40 -

Tensile Strain at Break (%) 25 1.5
Compressive Strength (MPa) - 420
Compressive Modulus (MPa) - 62

Heat Deflection Temp (C) 145 105

Density (g/cm®) 1.2 12
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Fig. 3 Experimental set-up
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Table 2 Machining conditions

Properties Level
Spindle speed (rpm) 6,000, 8,000, 10,000
Feed rate (mm/min) 30, 40, 50
Depth of cut (mm) 0.5, 1.0

Machining direction (°) 0, 45, 90

Tool
rotation

A

s

workpiece

Tool direction 2 (90°%)

Tool direction 1 (0°)

Lss

o Starting point

Fig. 4 Machining direction
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Table 3 Results of data reduction Table 4 Cutting force by machining conditions
No. Principle component 1 Principle component 2 Exp. ngledée Feed rate Dfelégi l\gflrce}élt?é?lg Cflcl) trtirelg
No. (mm/min) o
(rpm) (mm) @) N)
1 1.224745 2.005445¢-16 T 5.000 30 05 0 2615
2 6,000 30 0.5 45 4.216
2 0 3.622638e-16 3 6,000 30 0.5 90 5.481
4 8,000 30 0.5 0 3.549
3 -1.224745 3.622638e-16 5 8,000 30 0.5 45 2.859
6 8,000 30 0.5 90 3.152
7 10,000 30 0.5 0 2.563
8 10,000 30 0.5 45 3.101
52 1.224745 -1.160611e-16 190 160600000 4318 8-2 900 ;‘713;
] ] 11 6000 40 0.5 45 2023
>3 0 2.180416c-16 12 6,000 40 0.5 90 2.020
54 -1.224745 2.180416¢-16 B R0 8 FE—
15 8,000 40 0.5 90 1.586
16 10,000 40 0.5 0 1.244
(= | al 71X 17 10,000 40 0.5 45 1.007
- de 23 2 OF 18 10,000 40 0.5 90 1.810
1 72 EIE-[ 19 6,000 50 0.5 0 3.364
o 1= . - o 20 6,000 50 0.5 45 2.636
é*—.i’ﬂg B8] el 7heE =2, dabzlol, o) 21 6,000 50 0.5 90 2.666
$&T AWE9 FAET 471K 7}%}_@ | 3k 22 8,000 50 0.5 0 2.016
R = [ 23 8,000 50 0.5 45 1.968
A o] 37]E Table 49 YERAA = 24 8,000 50 0.5 90 2.129
Z 178 2712 JMEARE 450, AAkZlo ] 05mm, o] %5 10,000 50 0.5 40 1.619
B
d wjeo] Aago] Jpd A SAHEHASH HY 28 6,000 30 1.0 0 3.178
s207h B S Slstgnh A 16d =4 S5 S0 g0 > gy0
7VFEZRAE 0°,  AAzZol  05mm,  olFEHE 31 8.000 30 1.0 0 2.360
40mm/min, =W E2] 3H4&% 10,000pme o, 14 g% 2»888 gg 1-8 ‘9‘8 %ggg
W z9 7P§—?§E 45 °, A2}zo] 0.5mm, °% 34 10,000 30 1.0 0 2.981
£%  40mm/min, E,] AHEE 8,000rpmY 35 10,000 30 1.0 45 2.455
e Abed . = o e = 36 10,000 30 1.0 90 2.351
o EAZ ;g_]-"lol A SAERNeH, WA & 37 6,000 40 1.0 0 3.219
AE =7 37FAE Fig. 8o Tl 1= 2o 38 6,000 40 1.0 45 2.627
- 4 1. 1.
2 YEhRSIT Fig 9& "atgo] wA 249 = ig 2’888 48 1.8 900 2§§§
A 37 A (149, 169, 17T9)E 7FE3 AlHES JE 41 8,000 40 1.0 45 2.670
wth 42 8,000 40 1.0 90 2.572
b 43 10,000 40 1.0 0 2.670
44 10,000 40 1.0 45 3.311
45 10,000 40 1.0 90 3.072
In 8] 1 fron skleam, preprocascing nport Srandardiealer 46 6.000 50 1.0 0 3.494
¥ Stcnicrﬁca\er() fit. ran:torn& 47 6,000 50 10 45 3446
48 6,000 50 1.0 90 4.775
el | fron SHE(&W[EEEMD[SWJI nport POk 49 8.000 50 1.0 0 3.937
1ea = Ml comments )1 > - -
o S 50 8,000 50 1.0 45 3.029
IConponens = pa.fit trasforly) >
EH:E;E:\E?MEUHJ?JitaF?a:e(d‘atariHZrugi Ea Conponents, o wns = [‘prircial comrent 1, ‘princinal zcooomnt 21, Sl 8,000 50 1.0 90 2.972
52 10,000 50 1.0 0 2.813
. 53 10,000 50 1.0 45 3.121
Fig. 7 StandardScaler and PCA code 54 10,000 50 1.0 90 3.318
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