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A Development of Combined-Type Tool Dynamometer
for Ultraprecision Lathe with Piezo-Film Accelerometer

Jeong-Du Kim* and Dong-Sik Kim**

ABSTRACT

The cutting force is the most important variable to understand the mechanics of ultra-preci-
sion machining. Most dynamometers, however, monitor the static cutting force only. But it is
necessary to measure the dynamic cutting force to clarify the machinability of the material,
the formation of the chip, chatter and the wear of the tool.

In this research, measurement of the dynamic cutting force in order to clarify the machin-
ability of the material, the formation of the chip, chatter and the wear of the tool has been
conducted, A combined-type dynamometer which could measure the static cutting force and
the dynamic cutting force by use of strain gauges and a piezo-film accelerometer has been
developed. An analysis of the dynamometer also has been carried out.

Key word : Ultraprecision Machining(&32 7}2), Static Cutting Force(3%3214), Dynamic
Cutting Force(3444}), Combined-Type Dynamometer(B8% F7E2H), Piezo-
Film Accelerometer (P28 58 7H%A) ‘
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Fig.2 A combined-type tool dynamometer

v
o e et e e

s 1 2 2 4 .
Static Load i cutting force direction{N)

Fig. 3 Calibration result of static cutting force of
the combined type tool dynamometer with a
load in cutting force direction
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Fig. 4 Free body diagram of the developed combined
type tool dynamometer
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Table 1 Experimental equipments and cutting condi-

tions
Machine Ultra-precision Lathe
. Single Crystal Diamond Tool
Cutting Tool (Straight Type)
Workpiece Al-alloy(magnetic disc)
1) Developed combined-type dynamo
meter
- strain gauge, bridge circuit, strain
amplifier
Tool " - piezo film accelerometer ACH(Pe-
ool ds ometer nwalt Co. Ltd.), accelerometer am-
plifier
2) Kistler Dynamometer
- 9257B+9403, charge amplifier 5011
Depth of cut 0.005~0.03(mm)
Feed rate 0.01~0.05(mm/ rev)
Cutting speed 160, 320, 480, 570(mm /min)
- A/D converter
Data aoquisition system | ; PCT812PG(max 16channel, max30kHz)
- PC 486 system
Strain Piezo-film
Gauge Accelerometer
Static Dynamic
Force Force
Measurement Measurement
] |
Low Pass Filter High Pass Filter
| 1
Filtered Filtered
Static Force Dynamic Force

L |

Fig. 6 Procedure of the signal processing
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Fig. 7 Comparison average dynamic cutting force of
combined-type tool dynamometer with
Kistler tool dynamometer 92578 in terms of
cutting speed
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Fig. 8 Comparison average dynamic cutting force of
combined-type tool dynamometer with
Kistler tool dynamometer 9257B in terms of
feed rate
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Fig. 9 Comparison average dynamic cutting force of
combined-type tool dynamometer with
Kistler tool dynamometer 9257B in terms of
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Fig. 10 Dynamic cutting force in time domain and frequency domain of the combined-type tool dynamometer in
terms of depth of cut
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Fig. 11 Dynamic cutting force in time domain and frequency domain of the KISTLER tool dynamometer (9257B)
in terms of depth of cut
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Fig. 12 Total cutting force of the combined-type tool dynamometer and Kistler tool dynamometer(9257B) in
terms of depth of cut
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