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Development of Acoustic Emission Monitoring System for Fine Machining
— Application to Cutting State Monitoring in a Fine
Fixed-abrasive Machining —

Sung Ryul Kim*, Hwa Young Kim" and Jung Hwan Ahn""
ABSTRACT

In case of fine machining processes, the cutting state monitoring by a skilled operator is impossible because the
physical changes generated during fine machining are very weak. To realize the high efficient and precise fine
machining, it is necessary to develop the sensor based monitoring system which is able to detect the fine changes of
cutting state. In this paper, the fine acoustic emission monitoring system is developed to monitor the state of the fine
machining process. The developed system consists of the AE sensor and the AE signal processing unit. And this has the
high-sensitivity and bandwidth which can detect fine AE signal generated during fine machining process. In order to
investigate the feasibility of the developed system, evaluation experiments were performed in the fine fixed-abrasive
machining processes such as polishing and glass ferrule slicing. Experimental results show that the developed
monitoring system possesses an excellent real-time monitoring capability at fine machining processes.
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Fig. 1 Source of acoustic emission in a fixed abrasive
machining
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Fig. 2 Frequency characteristics of a PZT element
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Fig. 3 Structure and photograph of the fabricated AE
sensor
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Fig. 4 Block diagram of the developed AE signal
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Fig. 5 Photograph of the AE signal processing unit
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Fig. 7 Comparison of AE raw signals acquired by the two
sensors on the breakage of the glass capillary tube
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Fig. 8 Comparison of FFT signals acquired by the two
‘sensors on the breakage of the glass capillary tube
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Fig. 11 AE signals acquired by the fabricated AE system
in polishing with #100 abrasives
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Table 2 Slicing conditions

Metal bonded diamond blade

Tool (mm) (56 x 40 x T0.15)
| Spindle speed ((min™) | 30000

Feedrate (mm/min) 30, 40, 50

Workpiece(mm) glass( . 1.8)

Cutting fluid water (2 L /min)

el 233 X)(Scratch)Y} x| (Chipping)e] 24
7] 49, dd/tE3E BHolz=e gFdERy
ol EHEE F8% s I3t Bl
ojn] AAHE HawHze vpzzgd
s dddS dAvtety, olw A HA oI
o A 2AEFe] dojyA doh Wk FEd
@ 7FEA BAEE AE A3ZE 38 A3 o
o8 Arle ELY AE ANE AAWAF 9F
A4y AEANS7E FHEA YEidA doh

Fig. 14 © Fe8d& AQ713A LASHE AE
AEZE Yetd Aoz HAS I 523 AE
HET £4¥Yel @ A4Y A A%l FH
o 9&e & F Utk AEFHLE Auirhgo] of

12

0.8}

S 04
$ 00
S 04
0.8
125 2 2 5 8 10
Time (msec)
(a) AE raw signal

0.020 y
~ 0.016 .
> :

2 0.012 .
£ o.008} ‘

0.004 |

00009 100 200 300 400 500

Frequency (kHz)
(b) frequency analysis

Fig. 14 AE raw signal and frequency analysis during glass
ferrule slicing
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Fig. 15 Monitoring states by AErms signals during glass
ferrule slicing
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