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A Study on the Improvement of Cutting Precision by the
Ultrasonic Vibration Cutting

Kang jong-pyo*, Kim byong-hwa**, Song ji-bok***

Abstract

The uitimate target of machining process is to get both precision and productivity
simultaneously. To obtain these effects, many kinds of machining methods have been
considered and various research effort has been made for a long time. Ultrasonic vihration
cutting method is one of these methods. When the ultrasonic vibration is applied on the
workpiece or the tool, the cutling tool makes periodical contact with workpiece due to
vibration. The cutting is performed by vibrating impact force while the cutting tool contacts
the workpiece, and it makes the displacement of both the tool and workpiece minimum
in three force component (principal, axial, radial force) direction during the cutting process.
So the cutting precision is better than conventional cutting: method. The main results that
obtained by the expriments of ultrasonic vibration cutting are as follows; )

1. The value of roundness is about 1.4~2.5(#m) and this value is three or four times

less than that of conventional cutting. .

2. The value of surface roughness is about 1.2~2. 2(#m) and this value is the two or

three times less than that of conventional cutting.
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Fig.1 Vibration cutting mechanism
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Fig.2 Cutting length in one period of tool (L)
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1: Bed of lathe.
4: Tool Horn. 5: Booster.
7: Vibration generator. 8: Fixture arm.
10: Tool.

6: Transducer

Fig.3 Schematic diagram of experimental apparatus
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2: Workpiece. 3: Spindle of lathe.

9:Carriage.
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Table.1 Dimension and Chemical compositions and

Mechanical properties of workpiece

: Al(2014-T6)
: 040 x 10 [mm]

Material
Dimension

Workpiece

Chemical compositions

Si Fe Cu Mn Mg
0.7 0.29 | 3.97 0.713 0.487
Mechanical properties
Y.S (kg/mm2) T.S (kg/mm2) E.L (%)
45 48 16.4

Table.2 Cutting Conditions

Item Cutting Conditions
Frequency 20 [XHz]
Amplitude 20~30 {uml
Cutting speed| 10,20,30,40,50,60(m/min]
Feed rate 0.05, 0.1 [mm/rev]
Depth of cut 0.03, 0.06 [nm]
Cutting fluid| Soluble oil

Material of bite X 10 Korea tungsten

Rake angle 0o°*, 8°
Nose Radius 1 [nm]
10
L1
o
m

Fig.4 Shape and Dimension of tool
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Fig.6 Roundness according to cutting condition
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(a) Vibration cutting
Roundness :1.5 [um]

Fig.8 Comparison of roundness between
vibration cutting and conventional cutting
Cutting speed : 40 [m/min]
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(b) Convention cutting
Roundness :5.5 [im]

Cutting depth : 0.06 {mm]
Feed rate : 0.05 {mm/rev]
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Cutting depth Feed rate

Table.3 Surface roughness comparison of theoritical
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Vibration @ : 0.03 0.1 value and experimental value
_ cutting : 0.06 0.05
o ntiom ’ 0.08 0.1 Nose Surface roughness
cutting A i 0.06 0.05 radius|Feed rate
5. : - N {om] |[(mm/rev] Hen [Rmax]| Hex [Rmax}
= a a 0.05 0.31 um 1.25 um
= 0.1 1.25 um 1.5 um
% .
; :
£ 3F Hen= R {s=feed rate, R=nose radius}
. .
4]
.l . T s O UEhie Rol® I 2Fo] 137] Bl H4 Yolz
- - oy
§ ° g S ] ; A A&z o] F7)e) $A HolA T o] A T Fe)
. = 85" 4 (15)s QAT Ak,
a
1
A
L , L ' o, | Cutting depth: 0.06[am]
Cutt :
O 10 20 30 40 50 60 utting Feed rate 0.05[am/rev}
Cutting speed (uml | speed Surface configuration

(w/min) Vibration Conventiond
cutting

Fig.9 Surface roughness according to cutting

condition (Rake angle: 6)
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