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A Study on the Ultrasonic Vibration Cutting Properties of Fine Ceramics
Jong-Pyo Kang* Ji-Bok Song**

ABSTRACT

Conventional Cutting (CC) and Ultrasonic Vibration Cutting (UVC) of 20(KHz) are practised
with standard lathe for fine ceramics(Alz03). UVC is suggested to good cutting method for
difficult-to-machine-materials and it is known-ta excellent cutting method to super precision
cutting and elevation of productibility for general, nonferrous matals. In this research, main
results to be obtained are as follows:1. From the CC and UVC resulis by general lathe
with sintering diamond tool, the surface roughness and roundness are improved in UVC. Also
tool life is longer in UVC than CC. From the observation of machined surface, it is found
that brittle fracutural material remove occured in fine ceramics cutting. 2. It is verified that
the thrust force is the biggest in fine ceramics cuiting, principal force is the next, and
feed rate force the third and it is appear a little, on the other hand the principal force
is the biggest in metal cutting, feed rate force is the second, and thrust force is the next.
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Fig.1 Mechanism of vibration cutting
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Table 1 Mechanical properties of workpiece

Figure Properties
Bending
strengh 300 (MPa)
Compression
strength 1000 (MPa)
T Hardness (HrC) 85~87
® Density 3.60~3.65 (g/cm’)
o) .
| Sintering .
90 temperature 1650 (]
Water
absorption 0 (%]
Fracture
toughness Kic *! (MPav/m]
Elastic modulus 370 (GPa)
Yield strength 6000 (MPa)
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Fig. 4 SEM micro structure of ceramics
(a) fracture surface
(a) polishied surface
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Table 2 Cutting condition

Frequency (KHz) 20
Amplitude {pm) 20~30
Cutting speed (m/min) 20~50
Feed rate (mm/rev) 0.03~0.1
Depth of cut {mm]} 0.01~0.1
Cutting fluid — Soluble oil

Ag4os A¥Y AHE 1§ AT FR

Ante] FHo] TAANZ F uizAcd gadelz dFs
£ 2%, AAZAN BE 2AE 75T T EokE
ATt AW AFEA HEEHo 9l7] W] Az

Age) FHHEE dtz, £ 99 ANEA wet 4
G E W O HFY dFE Eo)7] A AT HA
o2 ou] 7lFEde. 7leE BHg Ho] SEMEYL
Akashi Beam Tech. 9 ABT 130-CE @gs1g0n,
7heHe A" AYx &AL Taylor-Hobsong
Tayround 2003} Tayround 4& Zzb o] g&sigich

4, 48 &1 1F

4.1 713EHZ HE7

AA7MEE B9 Aggad Fdd dAR 3g2
AE Hol AT JF& XA o Fig. 5%
Fig. 6& $Y8 71327 dloA AF g2 44246
& o, A 4284 o FRYYES FA Bulde
Z 500w Euiste] dehd Zlojth. WA dEZ
A gu FHAAGN Ydehbe A 2L Uk £33
A A Az} HoAA 7 EFo] FAlY vEht1
Qlovt, AFAste] ALAAND HUAANF ot
ABAA 71Fo2 AP WHol @l etz Utk

Fig. 7% Fig.8& ZA&go] 0.01{mm), <J$&E
0.03(mm/rev), BALE 20~50(m/min}jA FT+ A
AZE 00, -157, -30°2 #HIAFIHA A - g4 H4
319 Mo J1gHe AAZIE EA@ Aot A -
4 A4 BAgle) BALEI 37 Wt AEw
AZol A Yot

ol FLAAR AS AGAAHIA sl Hel
FAEY) BB BALEY] Fr9 FAQ FF @
AEEe g3 ARE /ALY 1 AR HEAEQ
Q) A2 A QlojME HA FHHA AEA

ey
H
o o
e



ST A10A A1E  (1993.39)

A7d gojudr) wEe] AAEEsL F7kebA old s
< A%HEE 33 AU AR YAt Bold A
o ol 7HgHe] dBlHE AR ALY EF &
Ao FFL LAY wE Aztyadd A8 #HES
e AEld AAFH ARAAT Lolr] oA 817
4o 7hERe ¥ AR g Ao 44dn.
T A gEe -30°9 vt -15° Ut A -
4 & HEstn 7EHd A 44 3T AA
z-0] F7kekE, wWEEe 37t vigel A 2 ¥ AR
29 L] Hoh olfZoz gal7] Wil HY A
2\l AEAAZ} oY Ak ¥ -15° olgA F
SRl 02 HIwl det ABFEPel 2SO
L8g HEWe Ao Ax I

Fig.6 SEM Photo of machined surface for
conventional cutting
cutting speed : 20{m/min), feed rate :0.03
(mm/rev) depth of cut:0.01(mm), rake

angle : -15°
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vibration cutting Fig. 7 Relationship between cutting speed and

cutting speed : 20(m/min), feed rate : 0.03
{(mm/rev) depth of cut:0.01(mm), rake
angle : -15°

surface roughness for vibration and con-
vention cutting (Dry-cut)
depth of cut:0.01(mm), feed rate:0.03(mm/rev)
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Fig. 9 Relationship between feed rate and surface
roughness for vibration and conventional
cutting (Dry-cut)
cutting speed : 20(m/min), depth of cut:
0.01(mm)
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Fig. 12 Cutting mechanism for metal and
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Fig.13 SEM Photo of chip configuration for
vibration cutting
cutting speed : 20{m/min}, feed rate : 0.03
{mm/rev) depth of cut:0.0t(mm), rake
angle : -30°
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Fig.14 SEM Photo of chip configuration for
conventional cutting
cutting speed : 20(m/min), feed rate : 0.03
{mm/rev]) depth of cut:0.01{mm), rake
angle : -30°
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(a) Vibration cutting : 2. 5(zm)
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(b) Conventional cutting : 4. 3(gm)

between vibration and convention cutting (Wet- cut)

cutting speed : 30(m/min), depth of cut:0.0l(mm), feed rate 0.03(mm/rec), rake angle : -30°
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