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Assessment of Cutting Performance Using AE Sensor in Turning
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Abstract

The chips may be produced in the form of either broken chips or unbroken chips in turning process.
The unbroken chips are dangerous to the operator and difficult to handle at high speed machining.
The signal of Acoustic Emission is related to cutting conditions, tool materials, test conditions and tool
geometry in turning. The relationship between AE signal and chip formation was experimentally
investigated. The experimental results show that two types of chip formations are possible to classify
from the statistical analysis of the amplitude of AE signal. The AE-sensor could be used to monitor
the chip condition in turning.

1.Hd 2
FRAAG ARFTTY A5PA] get A 3 ol A4HE FhdME AAAAY 18
< d% 145498 HAoH B3 FU3 F4 0 A 988 IPL dHM F7139 Ho FEe 5
2 Q3 Z“M"‘/‘l AdHe Fchipd E&HA 3o ol @ FAFE AAFFH FA JAAE £
Ade At 22 BAZ dRdx Qo' Je aA #Fojop g
aA ?‘;—i—%‘(continuous WDe)’Q‘_"} 294% 9w Falgel Tdsge wi AT 2R o
(discontinuous type)d 22 W& 4 glor, R&AY N9 840 sobAm gon I YAHE 9

A A4EE 449 P A9 x}zau deigel AE st AW EUHP] 2L BasA IO
BE ohUR AAZME BRE SAAIY FAA 2 sj2d 47E AWBY Jawahir®= n4vaE
gl A AHL AA4RGE BN A2 o|galo YA E, A2, Auao]R Abo]2d] )
1Moz ol AANA god JEth WM 4 @ A7E sgon Nakayama™®:= oj2AMoz mat

Atk g FANG WAzAGelN EPHoz 3

» 7303;”5}_1‘17. 7}74}%‘3'}‘?‘(5(:11001 of Mechanical Eng., a)‘]_ 01]%011 EH'S}Oi 1%%}9&‘:} i&;ﬁ Andreasen(ll)%_

Kyungil Univ.) & BAHHGN EFEAAY 3 oj4ruL Au
AT 1994 104 64> EY 24se J1uy A3 b 478 5 ok

%8,

N o F-l




44 3

a8y JAGEMNS aEDggds 44 A7)
184 Dornfeld™” 5& 23t9 24N F4z1d o
£ o3¢ AE RMS #2 2AudduxEs o
AA FESHAT 48 ¢34 vz FEdad. .
Inasaki™ £ 229 Hately ze wWyoz dF
gPov HAEZF ojFg RAANAAN HEHNHY
Moriwaki'? #7149 = AEZ 2y BANA o
FIR ot HAstgd o] diFEe dAFEe FT
o ntEy dE832 L AMAES HAZA gE
AEEA & INEA AEEA Y U3 A3 g
Folo] HAo|(Chip controld] thE ATE o} nlF
¢ AFoitd, 1Eldd B dFoME datA @4
T J84 AEYAE o] 48 NxE 84
YRYTTEEAS AHL3ld A4y S 23 wjA@y
AdA g o] gateo] AL Hristax @k

2. O|gX 1@

2.1 AEMS
T2E el AZE duAst dEHe g
AE(Acoustic Emission)o]gtz 39 d2% SWE
(Stress Wave Emission) ojgtx @t} AEAZ ¥ Figl
3} Zo] i nFgetq BEI0KHzlH 2MHz o 9
& 7HA9 2 49 AU HEAHY BIAA
9% Aoz EZAAY A7 B4RE Auz H7
Fol  due FA4 AAGHR olgstele AFol
AoiA Azudlel @, AgjolE, s AA4EY, %
3, 72y A4S A9, AAEY E(decollation) ¥
93 Fo] AE ¢ A4 Ud Y el
%% (continuous type)d EL¥(burst type) 28 UE
AEEE ARE nFn gy JzEA F
A4 ¢ AoE W3 FUid A HE
% B Eol ZUksln FEAFINM & 2AHES
Pee) NE2A B
sajo] iR

F Atk
2

AE 9 2843% FrlolazBE (uv)da £9g
EEmvIZ af% 7] H&d 40 ~100dBE X %
E3te] Aok a2ln 57 vl A € 4%
F&(noise)e 37l 48 digER"e(band pass
filter)& AX[ &t 49F old oAE 7tk Al ¢
F¢ & 749 AEsp 248E A/DRENE B8

TL
AEJ 32 #59E AE NI WA¥FEZE AE

ox
NETTTTI g8de
+——p
PEEBG ARAme 28T
|
bl
AN AW s2alAw ONHAR
f T T T 7T T gl
(015 T | 10 100 1K 10K 100K 1M 10M

Fig.l Frequency Range ( Hz )

Hits, Energy, 2%, A&AZ3 A5A7 dEALTF
Atk AENUAE F3HE #3 oige] WAL i
o 93413 2ol Zogt
U= [ Vi i
t

Ve Axdsold t& A0E 2ed. 28 oy
A Jaghd s 7k RMSHE A(2)¢ 2ol Hd¥

.
t2
RMS 5z =\/ ﬁ ft VXt)dt @

Hits ol® Fo|a ¥Hg(threshold value)e]de] JE
£ JINE ASE FoldE uhgolth A(E FH

ABMES oA wske O e

du 2
dat & [RMS] 3
2 g9
DA 24EFeE AVle d
dw; =00 d&i (4)
=a " d€1+0'2 : d82+63 . d€3
A7 g FHAEHY
e UG Aol
amky, 24988 FE degd TANE $9
O'ij'% %’E‘ 73‘?‘
AX dve] U 4o FE dWE
dW = gy * dEij -dV ()
AAYF We
W= J;,dij . dEij -dV 6)

=470~



Aato)x AEAINE o] &8 AAA 7t 45

wet 9AW £ o0& B3 WALEEI Y (6O

qe
W=o-¢-V )

ojuf 24WY & TAHE dEF LvHE AW
A wskge 938
4 (3% NEYH

dT‘tJoc[RMSAEV:c o eV ®

w2tA ofulA] & (dU/d)e BALE( 0)F oy
A REEEE R AR A dEFe ¢ 5 U

22 chip} A4AEH AE M3

H& Fig2sk 2ol AATdol 243 FUes
g v Adddx Adadd detod s =d
e ez 7H3e dold, A # AT &R,
ANy, AALE, F7FHE, Fo Adolx, ANA
o mg, 7t3d ®EY ALY, A4 dPN T
BARse F8Y 2bon AAA 9 HdE Fig2
3 o] FHEA B F HOHA ¥ 9FAE ¢
AN UFels AFol dHA FojAAY FL vy
AAM AGE BSEA 71k s Fig2st 2ol
A AdErE o

A8 HEL Fig2dl verd v Zo] B44 3o
FAE EE TTY HEAAE W e HEY
(el & gAsE RAES 8o o8 dojun,
A5 PL Figed 2ol e ddo] FFEY g
£33 Aol A8t 38 ZHE o BEE 9o
4 g 3A Fot A&sHe Fo A4 A 44
Hez 9771= st #HAHY FE2HTubular) F
2 AQEIE .
o3t Zo] ol 2T W AELAI BHEHE AL
Ael, g4 ving, #3354 4% AUFH 299
A4 A A4S 2 2 A ET e
Fig2st Zo] ddg A e Aldddgeae 24
Ay, A2GgANY FT7BAER JAlolo A4V H
3 vhdd] ¥ 2 FTAFE} FHREAo|o] whE
of g A3FY, A Hde] THEHR FHIE A4
99, agxn ol AdHe F% Jo ADdYol
AEZRA gl 47E 4 3o, Fig2d Zo] A&Y
PNz d9d o 39 2o A4E £ oy

#Fa99d dal ojnds spFgges AERNIE 4
3+ 9o 28z o A9 Yo Figldd 2
o] A28 g 4 Aol ¥ H(under controled chip)ol &t
d9n BdE4HS A AR Urded 69
type, C type, Arc type & 2Fstd=d 69%type & C
typeE A A Ao} ® A (good controled chip)elgt sty
Arc type A& Ao €3 (over controled chip)&E
TR

R iy st
/ Primary Shear <

JA Tertiary Zone

Impact Zone F Zone
Workpiece

ti : undeformed chip thickness
6 : relief angle
V ! cutting velocity
F : chip breaking force
Am . chip breaking moment arm
tz : chip thickness a : rake angle
¢ : shear angle AB : shear line
Ve chip velocity Vs ' shear velocity

Fig.2 AE Source in Metal Cutting Process

6 & 9 TYPE

|
|
.

ic TYPE | ¢ ¢ ¢

ARC TYPE ¢ ¢

Fig.3 Classtfication of the various chip forms

—471—



46 B4

1 AEEA
AEL 2349 - AN AdzAL FFEEFA o
A3 AENE9Y] BAZE BAHAESI 9
2 10Hpe] &AM 9748mm, F72mm
7}E8 A2 B(SPPS 3B)E AHEEATh AEAAMEA
Zo] 100-1000KHz$! Fd A (WD)E AL4
39 AE Al&g2 uj5e] PAC(Physical Acoustic
Corporation) A1%<¢ AEDSP-32/16& AM&3lgich 2
Ao Mg FAzAL Tableld Zolsign 4¥2A
T Figd4e Zd. 283 AL ITFE FHIH
(G-Type)9t J=d S FF(LACB-Type)E AH43HY
o o 99 HAL Fighdt zo| WA=Zolg &9
HolE& Z7 0322 3| zx ANYE 28
71984 4AYF 5 A (Kistler,9257A)8  AHE3H4
=3

o] &

(<

rlu
Sl e

Table 1 Experimental Conditions
1. Lathe
Spindle Speed 125 - 1600 rpm
Feed Range : 007 - 057 mm/rev
Moter Power : 10 HP
2. Cutting Conditions
Cutting Speed : 117 m/min

Feed Rate(9 steps): 0.07 011 015 019 023 030
037 042 053 mm/rev

Width of Cut : 20 mm
Side Cutting
Edge Angle : 0 deg
Back Rake Angle : 0 deg
Side Rake Angle : -6 deg
Cutting Fluid . none
3. AE Instrument
AE Sensor WD (PAC)
AE System AEDSP-32/16(PAC)

: 1220A(PAC) Gain 40/60dB,
Band width 100-1200KHz

: Measuring Acccuracy-0.00lmm
(Mitutoyo)

Pre-amplifier

4. Tool Microscope

Pre-Amplifier
e
Band Pass |
Charge-AMP Filter |
_ﬁ
A/D Converter A/D Converter
] !
Micro Computer Micro Computer
(DT 3831-G) (AEDSP-32/16)

[Worior] [Pinied

Fig.4 Experimental Setup

(a) G - Type

(b) LACB - Type

Fig.5 Sectional view of Inserts
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