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Experimental Investigations on Micro End-milling Cutting Characteristics
Comparison and Tool Wear Behavior of AIN-hBN Composites
Sintered by Hot-pressing

Si Young Beck*, Bong Cheol Shin', Myeong Woo Cho'’, Won Seung Cho™
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B Abstract j‘

The objective of this study is to evaluate micro end-milling characteristics and tool wear behavior of AIN-hBN
composites. First, AIN based composites with hBN contents in the range of 10 to 20voi% were prepared by hot-pressing.
Vickers hardness and flexural strength of the prepared composite specimens were measured and compared according to
the vol% of hBN variations. Then, cutting force variations were measured and analyzed using 2 tool dynamometer during
the micro end-milling experiments; and machined surface shapes and roughness were investigated using a 3D non-contact
type surface profiler. After micro end-milling, worn tools were investigated using a tool microscope and SEM images.
From the experimental results, it can be observed that the cutting forces decreased, and surface qualities were improved
with increasing hBN contents. At low content of hBN, tool chipping was observed; and tool wear rate decreased with
increasing hBN contents. The results of this study insist that proper machining conditions, including tool wear behavior
investigation, should be determined for the micro end-milling of AIN-hBN composites for its further application.
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Fig. 1 Flow chart for Machining mechanism of machinable
ceramics

EOALIY A SOl ABE 82 4 9k AR ehy
o}, Ao 379 Thol} vk et HASHE HE B
ol A& HT 4 ek oleidt A3 FF ANKBN

g
A WA E et Ao ER % é?ﬂ hBN 2Hie
o AR oA 2AY AAL %t 2a3t A4rg B8
g 4 & ez gogch

2, AIN-hBN 7| HAIHZ ME[AL| M=

A4she AIN-hBN #HA U E Algty 28 A x8t7] 9
8 fEAs BYUR o-AINEE 99.15%, BFUE 2.9,
Tokuyama, Japan)& ARSI 71474 S Fols})
218l hBN(&E 99%, B Y& 37] 10pm, TDK, Japan)&
0~20vol% A7IsHoT 2AZARE Y,0:(&% 99.9%,
-ﬁ-??:}i_:ijl 0.25¢m, Shinetsu Chemical Co., Japan)e}

+71Z2¥A¢! DL-camphorZ &8 H7}sto] 771k
(1800°C %2h, 30MPa, No2&9)7])ell 3] Ao Fasd A
#(Z 1702] hBN 10, 15, 20vol% 92k HE 660mm,
A Smm)T B4R U3 217ke) AH(3xdx36mm) S
Az skglom, ofo] digt AeFAQl 234 Fig 20 U
ERf et

Fig. 32 AIN ¥23} hBN UAE vehd Zoln, Fig.
4= Nzd HAYE Agua g SEMOZ Hge
Zttojtt. hBNo| &5 A E2 AIN wUH|(monolith)
At 2] A9 JEHA U4A B FAS Hojed v
3lo AIN-hBN E3 3 2o A= hBNe| 7o o =3
okatol DEbAld, 15vol% e} 20vol% ] hBN-E A 715t 7
ol AASAY Uizt FAlo] YE Ao)
Eh e



WA . ABH - T

& 1A
7'52‘!5

Sintering aids (3 wi% Y202} 1

B <==| hBN powder(0~20vol5}
Ball milling

I Matrix (Alhﬂ ]

iCZI

Hot pressing

Fig. 2 Flow chart of AIN-hBN Machinable ceramics
machining mechanism

(a) AIN powder
Fig. 3 SEM micrographs of AIN and hBN powders

S [

(¢) 15vol% of hBN (d) 20vol% of hBN
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Fig. 6 Experimental system setup

Table 1 Specification of the micro machining System

Traveling range X, Y.-axis : 600mm
Z-axis : 200mm
Resolution X, Y, Z-axis : 0.1um
Accuracy X, Y-axis : 0.2um
Repeatability X, Y, Z-axis : 0.2um
Max. velocity X, Y—axis : 200mmy/s
Z-axis : 100mm/s
Rotational speed Max. 100,000rpm
Spindle run-out Max. 0.6¢m
Static radial load Max. 6kgf
Workpiece weight Max. 45kgf
Lubrication Dry cutting
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Table 2 Experimental cutting conditions for micro end
milling

Cutting variable Cutting condition

Feed rate 30, 40mm/min

. . 30,000rpm(47.1m/min),
Spindle revolution 40,000rpm(62.8m/min)
Tools(2-flute flat HCE, @ 5001m
Ti coating) Micro end-mill
Tool helical angle 30°

Workpieces
Depth of cut
Milling mode

AIN-hBN 10, 15, 20vol%
10, 20, 30, 60um
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Fig. 7 Measured cutting force variations
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Fig. 8 Measured 3D profile and surface roughness after
machining
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Fig. 10 SEM micrographs of a wom micre teol and
a machined micro slot
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Fig. 11 Tool wear behaviors with different hBN
contents
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Fig. 12 Tool wear behaviors under different cutting
conditions(for 20vol% of hBN)
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