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Machinability Research on the Ultrasonic Assisted Micro-Milling
for Graphene Based Aluminum Matrix Composite
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(Faculty of Mechanical &. Electrical Information, China University of Geosciences (Wuhan) ,

Wuhan , Hubei 430074, China)

Abstract: As a new composite processing technology, ultrasonic assisted micro-milling represents
unique advantage in processing hard and brittle materials and composites. In order to solve the
problems of difficult machining, high machining accuracy requirement and low processing
efficiency in industrial applications of graphene-based aluminum matrix composites, a pure
aluminum and graphene-based aluminum matrix composite were taken as research objects to carry
out ultrasonic assisted micro-milling experiments for graphene-based aluminum matrix composites
with different ratios. The effects of graphene content, feed rate per tooth and ultrasonic
amplitude on milling force and surface roughness were analyzed based on orthogonal experiment,
and the optimal process parameters of graphene aluminum matrix composite under ultrasonic
assisted micro milling were determined. The results show that the graphene-Al matrix composites
can put up a best processing performance under 1 pm/z feed per tooth and 3. 05pm ultrasonic
amplitude.
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Tab. 1 Composition of composite materials

LA Al/% GNFs/%

Al 100 0
0.5% GNFs/Al 99.5 0.5
1. 0% GNFs/Al 99 1.0
1.5% GNFs/Al 98.5 1.5
2.0% GNFs/Al 98 2.0
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Fig. 1 Metallographic image of pure aluminum and different GNFs/Al composites
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Tab. 2 Density, microhardness and grain size of different
composites

oy SERREE BNREE OMW® BRIE SOk

" /(geem ) /(geem ) JE/%  FE/HV  JE/pm
Al 2.68 2.70 99. 26 26 9.21
0.5% GNFs/Al 2. 66 2.69 99. 89 37 6.78
1.0% GNFs/Al 2.65 2.68 98. 88 36 7.66
1.5% GNFs/Al 2.63 2.66 98. 87 31 8.12
2.0% GNFs /Al 2.61 2. 65 98. 49 29 8. 37
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Fig. 2 Experimental platform of ultrasonic assisted micro milling
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Tab. 3 Orthogonal experiment parameters

KT Ei%)ﬁi ./ﬁ?i}ﬁ’ﬁ?ﬁi 7 R IR
Vi U Sfo/Cum » z ) A/pm
1 0 0. 25 0
2 0.5 0. 50 1. 17
3 1.0 0.75 2.24
4 1.5 1. 00 3.05
5 2.0 1. 25 3. 86
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Tab. 4 Analysis of milling force range

. LB Eis2 7 N LB R Ei2 7
S - SIS -
w /% fo/Cum = z71) A/pm R./pm w /% S/ Cum =27 1) A/pm R./pm
1 0 0. 25 0 0.815 17 1.5 0. 50 3. 86 0. 751
2 0 0. 50 1.17 0. 681 18 1.5 0.75 0 0.982
3 0 0.75 2.24 0.791 19 1.5 1. 00 1.17 0.619
4 0 1.00 8.05 0- 651 20 L5 1.25 2.24 0. 760
5 0 125 3. 86 0.770 21 2.0 0.25 2. 86 0. 584
6 0.5 0-25 117 0. 738 22 2.0 0. 50 0 0. 894
7 0.5 0. 50 2. 24 0. 810
23 2.0 0.75 1.17 0. 744
8 0.5 0.75 3.05 0. 859
24 2.0 1. 00 2.24 0.523
9 0.5 1.00 3. 86 0. 648
< I~ I~
1 05 Los 0 110 25 2.0 1. 250 3.05 0.596
1 10 0. 25 5 94 0. 730 ki 0. 742 0. 686 0.958
12 1.0 0.50 3.05 0. 845 ks 0. 833 0.796 0.739
13 1.0 0.75 3.86 0. 902 ks 0. 876 0. 856 0.723
14 1.0 1. 00 0 0. 989 kaj 0.735 0.686 0.703
15 1.0 1.25 1.17 0.913 ks 0. 668 0. 830 0.731
16 1.5 0.25 2. 24 0.564 R; 0. 208 0.170 0. 255
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Tab. 5 Analysis of variance of milling force
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Tab. 6 Surface roughness range analysis

TSR &b TR BH EELAD
5 : - TS : =

w /% fo/Cum =27 1) A/pm R./pm w /% Sfo/(pm =« z 1y A/pm R./pm
1 0 0.25 0 1. 289 17 1.5 0. 50 3. 86 0. 639
2 0 0. 50 1.17 1. 226 18 1.5 0.75 0 0.982
3 0 0.75 2.24 0.922 19 1.5 1. 00 1. 17 0. 565
4 0 1. 00 3.05 0. 893 20 1.5 1. 25 2.24 0. 657
5 0 1. 25 3. 86 0.962 21 2.0 0. 25 3. 86 0. 822
6 0.5 0. 25 1. 17 0. 734 22 2.0 0. 50 0 0.935
7 0.5 0. 50 2.24 0. 821 23 2.0 0.75 1. 17 0. 681
8 0.5 0. 75 3.05 0. 707 24 2.0 1. 00 2.24 0. 609
9 0.5 1. 00 3. 86 0.653 25 2.0 1. 250 3. 05 0.723
10 0.5 1. 25 0 1. 187 k1j 1. 058 0. 826 1. 007
11 1.0 0. 25 2.24 0. 706 k2] 0. 820 0.873 0.783
12 1.0 0. 50 3.05 0. 745 k 3] 0. 757 0.738 0.743
13 1.0 0.75 3. 86 0. 689 k4] 0. 626 0. 730 0.729
14 1.0 1. 00 0 0.933 k 5j 0. 754 0. 848 0.753
15 1.0 1. 25 1. 17 0.712 R; 0.432 0.143 0.278
16 1.5 0.25 3.05 0.579
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Fig. 3 Enlarged view of ultrasonic assisted micro-milling groove bottom
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Tab. 7 Analysis of variance of surface roughness of milling groove

I 25 KR S f I F I Fo.o1c2.0 Fo 05020 Fo.10¢2,0 Fo 25020
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