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A Study on In-Process Monitoring of Drill Wear
by Acoustic Emission
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Abstract

This study was focused on the prediction of the appropriate tool life by clarifying the
correlation between progressive drill wear and AE signal, on drilling SM45C.

the following results have been obtained :

RMSae . AE CUM-HITS and CUM-CNTS had a tendency to increase slowly according to wear
size, at 1000rpm, 150mm/min. However, these increased suddenly in the range of 0.20~
0.22mm wear, about 102 holes and had a tendency to go up and down until the drilling was
impossible.

The sudden increase of AE signals shows that something is wrong and it is closely connected
with drill wear and chipping. It also makes the working surface bad.

From the above results, AE signals could be used to monitor the drill's condition and to

determine the right time to change tools.
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Fig 2-1. Parameter of acoustic emission signal
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1. M8 &

2 H4¥e vjAld 4B (machining center)old &
28S & o #Ede THY s AENZzSd o
AE AE B3] A% 4oz A4 Tik s
HAY HE(TNV 40A)2A4, Heol8 A7lE 560x
410x510mme] 3 4tgo|},

AE A% 9 &4 A& |29 PAC (Physical
Acoustic Corporation) #|¥<% 8900 LOCAN AT&
¥l FZ7](pre-amplifier) & 40/60dBY A2 (gain)
Meo| sbwstn, a9 FY Ay AR(CPU
Central Processing Unit)olE® 1MB ®Zel7} WA
go] o}, AEAZ Y ¥ FAld 6 MR 75
3 A8 Aol

Table 3-1. Instrument and specification

[nstrument Specification

Machining center TNV-40A . 560> 410510 (mm)

AE computer 8900 LOCAN AT (PAC)
Pre-amplifier 1220A (PAC, USA)
re-amplifier Gain 40/60dB Bandwidth 20~ 1200kHz
AE sensor PAC R15. Ceramic, Gain 40dB. 60kHz

Mitutoyo, Japan
Measuring accuracy 0.001mm

Tool maker’s microscope

AE AXE PACAH AE<Q R15 24 AL 4048,
$3 FHLE 60kHzolw, W@z HEae Agye
2 5o o AZHe NIE A BN 9
8900 LOCAN AT e A&9 ez #de
T HAE el 147 B RUEE A3 Ahgagth
A BHE FEA) 9% 4% AE devHe g
HAANE 29 daad Agsiden, 484 £33
A &8 Au% JHZE T2 s,

a3, =89 opEFE 3 st 37 En)
Be AHgstalen], ol JUE B A8 37 @
P73l pvEtE R3sle] Ald @94 St
H 3-1& 48 A9 AL 71710 dig Alodoln)

Spirdle
Drill I " Pre amplifier l
Specimen
AE sensor \\@ ' . Band pass filter
l— 1= Vise
A/D converter
Table |
Micro computer
LOCAN AT 8900
Printer l Monitor l

Fig 3-1. The schematic diagram of experimental
apparatus
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Table 3-2. Drilling program

Main - program

Sub - program

01000 :

G40 G49 G80

G91 G28 X0 YO0 70 :

(92 X100. Y100. 2100. :
G91 G30 Z0 T02 MO06 :
G90 G0O X12.5 Y12.5 ¢
G43 Z10. 52500 HO1 MO03 -
G90 G81 G99 Z-2. R3. F125. M08 :
M98 P2000 :

G91 G30 Z0 T03 MO06 :
G90 GO0 X12.5 Y12.5 :
M98 P3000 -

G90 GOO X12.5 Y425 ¢
M98 P3000 :

GO0 GOO X12.5 Y725 ¢
M98 P3000 :

G91 G30 Z0 TO1 MO6 ©
G90 GO0 Z200. *

MO5 -

MO2 :

02000 : ( Sub - program 1)
G91 X15. L5 :

Y15, ¢

X-15. L5 ®

Y15. ¢

X15. L5

Y15. ¢

X-15. L5 :

Y15. ¢

X15. L5 ¢

Y15. ¢

X-15. L5 ¢

G49 G80 G90 GO0 Z200. M09 :
M99 ¢

03000 : ( Sub - program 2 )
G43 G90 GO1 Z10. HO3 S1500 MO3:
G81 G99 7Z-30. R3. F150 :

G91 X15. LS. ¢

Y15, ¢

X-15. L5 :

G90 G80 GO0 Z200. MO5

MO0 ¢

M99 ¢

HEg AHE A8 oA HEHE M-S 100X
100x30 2712 YAsA st A9 333
NE3 71AAR HAL F 349 ¥ 3-59 2t}

Table 3-4. Chemical composition of
specimen(wt, %)

C Si Mn P S Cr | Ni Fe

0.46 | 0.25 | 0.76 | 0.02 | 0.04 | 0.09 [ 0.02 [ 98.36

Table 3-5. Mechanical properties of specimen

Hardness  (HgrC) 193

Tensile strength (kg/mm’) 69

Yield strength (kg/mm?) 41

Elogation (%) 18

4 37

Z7E straight shank twist Z¥2 SKH51 1%
T ZPRL AeEd. 29 3-38 =¥ BYE Y
el Roln, ¥ 3-6& =d¥9 A+E, ¥ 37L& =¥

o eHd 42 vehd Aeltt,

Table 3-6. Dimension of drill

2-3. AN =7

AA 24 gl WE AEAZH wHe 4
Aarl st " 2@E
do] overhang ZolE & Zo|9 90mmZ 3L,
Abgol de glof7] date AAFE AHESIA B

£ 3-33 Zo| 3H

o, o 49 sick A2 =UE AHgET

Table 3-3. Cutting condition in experiments

w it dt

Cutting condition Variation
Spindle speed (rpm) 500, 1000
Feed rate {(mm/min) 150

3. A

B Agd AgE AlHe SM45C ZA AEANES

Item Dimension
Diameter (mm) 10
Length (mm) 130
Flute length (mm) 90
Margin width (mm) 1
Point angle ( °) 118
Relief angle ( °) 31
Helix angle ( °) 31

Table 3-7. Chemical composition of SKH51
drill(wt, %)

C Cr Mo W \Y Fe

0.85 | 4.00 | 5.00 | 6.00 | 2.00 | 82.15
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Fig 4-1. RMSaz versus hole number at

1000rpm, 150mm/min
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Fig 4-2. RMSaz wear versus hole number at
1000rpm. 150mm/min
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Fig 4-3. RMSsr wear versuss hole number at

500rpm, 150mm/min
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Fig 4-4. AE CUM-HITS versus hole number at
1000rpm, 150mm/min
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3. CUM-CNTSS =3 orgutel 3

a8 4-63 4-7¢ ©l$4% 150mm/mindld 27

9] #%3A4E 1000rpm, 500rpme2 HAE o

=d9 ulde] W2 CUM-CNTSY #AE 4¥8% A

o},
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Fig. 4-5. AE CUM-HITS versus hole number at
500rpm, 150mm/min
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Fig 4-6. CUM-CNTS versus hole number at
1000rpm, 150mm/min
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