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Abstract: In this study, the cutting characteristics of bulk metallic glass (BMG) cut using a computer numerically controlled
(CNC) lathe were investigated for different insert tool materials and cutting speeds. The surface roughness, chip morphology,
cutting forces, and tool wear during turning of Zrs)CupAliy BMG alloy were examined. Four kinds of tool materials were
used to cut an 8-mm-diameter BMG. The examination of the surface roughnesses of the BMG specimens machined at each
cutting speed showed that the surface roughness became better as the cutting speed increased, and the tool materials also
influenced the surface roughness. The chip morphology investigations showed that the unoxidized BMG chips had serrated
curled chips with adiabatic shear bands, while the oxidized chips exhibited local melting and tangling rather than the usual
spiral-shaped chips. The cutting force induced during machining of the Zr-based BMG was the largest for the TiN-WC tool,
followed by the polycrystalline diamond (PCD) tool. The cermet tool exerted the smallest cutting force.
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Table 1 Properties of cutting tools used in the turning experiment.

Tool . . Thermal conductivity Hardness
. . Coating Chip breaker
designation (W/mK) Hv
. TiN
TiN-WC Yes 104 2,100
(CVD coated)
Cermet No coating Yes 13 1,600
Polycrystalline .
. No coating 560 ~8,000
Diamond (PCD)
Cubic Boron Nitride .
No coating 72 2,800
(CBN)

(b)

Fig. 2 (a) Appearances of ZrsgCupAlip BMG specimen
machined using a TiN CVD coated WC tool,
(b) Appearance of TiN CVD coated WC tools
after machining BMG specimens

(a) 500 RPM  (b) 2,000 RPM (c) 3,000 RPM

Fig. 3 Appearances of ZrsoCuspAlip BMG specimens
machined using a Cermet tool at each
rotation speed
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Fig. 4 Appearances of Zrs)CusAliy BMG specimens
machined using a CBN tool (Cutting depth is
0.3 mm at all conditions)
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Fig. 5 Appearances of ZrsoCueAliy BMG specimens
machined using a PCD tool (cutting depth is
0.2 mm)
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Table 2 Surface roughness values measured at
specimens machined using PCD tools

ZrssCusAliy BMG A6061-T6 Ti-4V-6Al
Raa ji Rmax, mm Ra; pm Rmax, pm Ra, pm Rmax, pm
2.56 13.4 300 | 127 | 1252 | 624
500
RPM 255 12.5 302 | 129 | 1219 | 596
(0.4 ns)
2.46 13.1 292 125 | 1210 | 592
296 12,6 0.70 3.9 820 | 324
1000
RPM 3.03 15.2 0.73 42 878 | 346
O3 m91 ) g9 12.4 0.74 45 867 | 35.1
1.54 8.1 037 2.1 431 17.3
2000
RPM 1.36 72 036 1.9 432 16.7
TL6ms) 1 p 7.0 036 2.1 437 17.4

Table 3 Comparison of roughness values measured at

surface of ZrsoCusAlly BMG  specimens
machined using various tools at each RPM
Tool materials
TIN-WC Cermet PCD CBN
RPM
Ray Rmax, Rﬂs Rmax, Ra, Rmax= Rﬂs Rmz\x’
| ogmo | opmo | ogmo | ogmo | ogmo | ogmo | ogm
500
04 misy| F17 | 145 | 284 | 138 | 252 | 130
1,000
08 misy| FO7 | 190 | 432 | 199 | 296 | 134
2,000
(W6 misy| 367 | 170 | 062 | 36 | 144 | 743
3,000
24 mis) 054 | 3.1 | 053] 25 | 150 | 67
4,000
3 mis) 121 | 65 | 025 | 2.13 | 453 | 239
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Fig. 6 SEM micrographs of BMG chips machined
using a CBN tool at each cutting speed;
(a) 500 RPM, (b) 1,000 RPM, (c) 2,000
RPM
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Fig. 7 SEM micrographs of BMG chips machined
using a PCD tool at each cutting speed;
(a) 500 RPM, (b) 1,000 RPM, (c) 4,000
RPM
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Fig. 8 Profiles of cutting and feeding forces measured during machining of each workpiece by using a TiN

coated WC tool at 2,000 RPM
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