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A Behavior of AE Signal on the Cutting Conditons
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ABSTRACT

This paper investigates the relationship between cutting conditions and Acoustic Emission(AE) signals;

AEavg, AErms, AEmode, as the base working to monitor the tool wear with in-process. For this purpose,

cutting tests were conducted on a CNC lathe with comprehensive cutting conditions.. It is known that

AEavg and AErms are proportionaly increased as the increasing of cutting velocity and depth of cut

respectively. It is also known that AEmode among three kinds of AE signals may be applied for

in-process monitoring to make the self diagnosis system because of its stability to the variation of cutting

condition.
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Fig. 1 Experimental setup

Table 1. Experimental equipments

Instrument Specification
CNC Lathe Hi-ECO 10 (Hwacheon Co.)
Workpiece STD11 ( D:100mm, L:50mm)
Tool Holder PTGNL2525-M16 (Korloy Inc.)
Insert Tip NC30P TNMG160404 (Korloy Inc.)
AE Sensor WD (PAC.)
Pre-amplifier 1220A (PAC.)
AE Main AEDSP-32/16 (PAC))

Table 2. Experimental conditions

Item Condition

100, 120, 140, 160,
180, 200,220
0.10, 0.15, 0.20, 0.25
0.1, 0.15, 0.2, 0.25,

Cutting Velocity (m/min)

Feed (mm/rev)

Depth of Cut (mm)

0.3, 04, 0.5
Coolant Dry
Sampling Rate 2MHz
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where, Rx) : AEwaveform Rectified.

AEmode¥ Fig. 29] %W ofefd]l et A3} 7
o] MoAFAIZ AEANZ AN Z+ ¥ NXF



A EFENEs HF
AEmodegt Ael3tx, 4(3)ez Y 4+ gt

AEmode = Mo [ AEamp ]

(3)
where, AEamp: AEwaveform Amplitude
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Fig. 2 Definition of AEavg and AEmode

A=

L

o]

AFAME 7 dazdeig A3 HE Azt
oF 522 31, o A udlA 0.256ms9
AE A& J¥Hit)E 3070 FE39 Z Hitd=
AErmsE 7% oS °]59 HEHE AEmsE
Bostg o, AESE S AR R MEHE
dolEle HHAE F3 AE HFNIZIZHd &
AEavg® #9331, AEAZA 2z Fgof AE
5 HAYw=E JYegds E=3S AEmodest &
o] s} A th.

4. MYHA3 % D
4.1 AEavgs} @Az #A

Fig. 32 °]#(D=0.15(mm/rev), ALl
(d)=0.1, 0.2, 0.3(mm)¥ ®, H&Lo w3l
W& AFavggel W3tE dehlz Qo 2ol
A AEavgt Hat& w7t A6 wa Friste
o] ALE & F AL, olHE FFL olF
o] & A% F, ()=0.1, 0.2, 0.25(mm/rev)s] =

- 6T =,

oAM= FdstA vehdr

..61_

1200 1200
depth t velocity
0.1 02 03 1200 150 1%
1000 I - - 8 1000 - - (=3
feed ; 0.15 (mm/rev) feed : 0.15 (mm/rev)
800 800 -
- 5
- ~— H
2 ewf @ 600+ ©
¥ g .|
é < ! P
400 - 400 ~ M ‘
200 200 -
M 0

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Depth of cut (mm)

0 M
100 120 140 160 180 200 220
Cutting velocity (w/min)

Fig. 3 Relationship between AEavg
and Cutting velocity

Fig. 4 Relationship between AEavg
and Depth of cut

Fig. 4v ol% 1200 e
(H=015(mm/rev), B 4 B ® @
&Q"E(V) = 1201 sooi depth of cut © 0.1 (sm)
150, 180 (m/mimd 2 |
W, WYl Wy § )
of W& AEavg#te 4005 oi\:/‘ﬁ;i:é
HeE JERR gl il L
o}, o7l M= 81 00 02 02 o.‘:f_oj.a

w o Feed (mm/rev)
AEan = é B] QOI 7]- Fig. 5 Relationship between AEavg
Zohel met wla i e

Hoz ZMEeE & £ eon, oAF AFgL
olFo]l Y& A& (H=0.1, 0.2, 0.25(mm/rev)
9] ZANAMNE FU3 A

Fig. 5= #AdZAoNd)=01lmm, Hat&x
(V)=120, 150, 180(m/min)¥ uj, o]%2 w3}
& AEavgahe] W3lE vellz Qo o] 1Y
A o]Fo] FIEtE AFavggtd 2 A ®#slx

=
1y

¥EE ¢ F Az, ojHF AFEe AUHo)
(d)=015~05(mm)8] Z = HFAS 4L Y
ER Qi et

4.2 AErms®} datzzzie] #i4)

Fig. 6<& ol4()=0.15(mm/rev), HYZo]

(d)=0.1, 0.2, 0.3(mm)Z &z, HAEEE 110~
220(m/min)(step=20m/min)2 ¥ 3}A)7|0] 2 Y3
A9 HYHolel gk AErmsE BoFTm g
th o] YA AErmsE Hat&E7F FIHEo)
me}l P en AXNe AL & F Utk

Fig. 7€ o]&()=0.15(mm/rev), AHA&T
(V)=120, 150, 180(m/min)& 3}3 H<UZAol& 01
~05(mm)2 WA AP Ao WY



1200 —————
velocity
120 150 180
1000 - - - B |
800 | W |
2 3 ' |
C L ‘
" w600+
g g f/
2 2
400
200 |
: feed ; 0.15 (m/rev)
0 [ — P
100 120 140 160 180 200 220 0.0 0.1 0.2 0.3 0.4 0.5 0.6

cutting velocity (n/min) Depth of cut {(mm)

Fig. 6 Relationship between AErms Fig. 7 Relationship between AEmms

and Cutting velocity and Depth of cut
ole] s AErmsE 1200
BoyFEm gtk o] 1 s} 5w w l
gdME  AErmse w0l ot 0 |
el F7 § Gm% f
e AYE ¢ F & L ospe |
aith, w st
Fig. 8& #AH<izo] 20t
(d)=0.1(mm), WAt 4T o0 oz 01 oa
=(V)=120, 150, Fig. 8 Relatio'::p(l:t:vr:evn) AErms
180(m/min)& 3l and Feed
o]42g  0.1~0.25(mm/rev)(step=0.05mm/rev) =

HA3A 7 APF A9 oo B AErms
2 2433 vt 9714 AErmse ol$9 ¥
o ildg aux FFL BA g A& & F

R=3
43 AEmode$t Atz e #A

Fig. 9 ZZ ol4(H=01, 015 02,
0.25(mm/rev)°] 51, AArEE(V)=120, 150, 180
(m/min)¥ o, AYAoldl & AEmodeE e}
W ek of A 5AAHA AL AEmode
Eoold, AMEE, Yol T AMxdY ¥
stol @A A AN e AL BAF

dow, ole 413z 42FAAM A
AEavgst AEmms7t Fa&sE 92 Aoy F
Ztoll et vl Aoz Frtste AFge Az
#gol .

A

44 F¥H 1@

41484 433871 Az ¥ AE

_62._

1200i ‘ R e ——
[ velosity I b velacity
120 150 180 i 20 150 180
wot 3 J 8 ! 000 o - e
! i " feed 1 0.15 (m/rev)
- soot L 800y
o | = , —
B pamet—eX | & aﬁ%ﬁ
!
600 | 600 +
400 - 400 !
200 - ; 200 -
| foud 5 0.10 (em/rev) \ ;
ol o et I,
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6

Depth of cut (om) Depth of cut (mm)

Fig. 9 Relationship between AEmode  Fig. 10 Relationship between AEmode

and Depth of cut and Depth of cut
12001 — 1200; N
3 | ‘& velocity
. 2 180 180
1000 - | wol QP
; feed : 0.25 (m/rev)
. 800} f . 800
> i -
! M | & peges—a—s
600 - ‘ 600
" |
400 - ‘ 400
feed ; 0.20 (mm/rev) ‘L
[ velacity 200 -
1

i
200 { 20 150 180
. U S S|

o

Q

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Depth of cut (mm)

- = '

0! R .

0.0 0.1 0.2 0.3 0.4 05 0.6
Depth of cut (mm)

Fig. 11 Relationship between AEmode
and Depth of cut

Fig. 12 Relationship between AEmode
and Depth of cut

parameter?] TAE TAFHT. E AoME o
59 Z¥AQA BAE unFstuz ok GAH
A A vke} 2ol AEavg9 AErmsE A4ts
= R dAdolel wet wstsig wEM IS
Pl #arv|Fol e FFuEe Al Qo)A
2345 AEavgy AErms7t F3ulRo] 718
AJQA F& HASE 2 HYZele ®sd 7]
Qe AJANE 2Y3A & deart A o &
Astd AAzA ¥ & wA e Yoo &
A parameter® AAT HI7F Yo}

Fig. 13% Fig. 15 Algoldl ug
AEavg/Zw$t AErms/Zw& ZrZt Jeldt} Fig.
13& 71254 AU, A2Fele AEavgs
AAE(CZw ; AYRoIxolExHEAER)Z YF
#e 22 YEerdth YA RHEKo
AEavg/Zwe AAEEAdE 9FS ¢ AW
of#] ojfo) wet 1 grol ZtZ thEA e S
& 4 ok wE@A olF e JEFG AA} 9
o, wx  Z+ o)g¥  AAold d¥
AEavg/Zwe TAE Jehlle IAde WA E
Tatm, 1 Z4zte] UAAE QB Ae
o] FHoz FHEY A8 Y=(F49 wA34])

°]



500
| feed(mmv/rev)  velocity(m/min)
400 0.1 ----- 120 ®
lz 0,16 — = 150 o
~ 00T 0.2 ~—— 180 o©
go : 0,25 oo
o 200
! -
100 A
%‘0 0.1 0.2 0.3 0.4 0.5 0.6
Depth of cut (mm)
Fig. 13 Relationship between AEavg/Zw and Depth of cut
500
AEavgz = (AEavg/Zw) + feed X 500 velocity(m/min)
400 120 =
150 e
N 300 b
50 : 180 o
% L]
< m kﬁ\ﬁﬁ\—#\L
100 | '
0 . . . . L
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Depth of cut (mm)
Fig. 14 Relationship between AEavgz and Depth of cut

+ feed X a8 F3ATH agkol ¥ oy
o] 0.lmmYeHe Zz+e Yo gt #, F
(Yion—Yoon), (Yaon-Yson), (Yaon-Yaon)e A
JZol 0.5mmYde Yo XE F3 F, A4
Zol7} 0.lmm, 05mmY W Ztzhe] FM
9 & 71 FAA e o« & MAIH 2=5000]
g

Fig. 145 A<4Ze°l9}t AEavgz(d&d @i o
2 73 2=500% dijdsted Fg& e BAE
Uetdt 2o BXEo] AEavgz’l dEd4&x
2 o]Fo thste] TS ¥R Foog o FA
o] HAAG o] &3, FAX Mol x4
dlx o] AFavgzg& F3doz & F 3l
AA "] o] g 2F}Ee FURE
A FFutRAA AEe RAoR &
22, Fig. 149 HAd9 wHAFHL F
In-process@Al & ¥ AT AEE AR 7t
. AbRE )
Fig. 15 ¥ Fig. 162 543 WYo2 AErms
A st @& aolH, Fig. 169 J49 W
A GA FFutE 9 In-process@ Al A& 7}
3 st Alsdr
9, Fig. 172 4 4237 AEmoded #

lo
=2

of o 2 o

e [o

off ox

500
feed(mm/rev)  velocity(m/min)
400 0.1 === 120 ®
35 015 =—- 150
~ 300r 8 0.2 —— 180 o
8
5 200+
100
0 " i i N
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Depth of cut (mm)
Fig. 15 Relationship between AErms/Zw and Depth of cut
500
AEmsz = (AErms/Zw) + feed x 500 velocity(n/min)
400+ 120 =
o 8 150 e
@ 300 L. 180 o
oy ] .
2 20t \’\‘\!\H\p\F
100
L . L .
%AO 0.1 0.2 0.3 0.4 0.5 0.6

Depth of cut (mm)
Fig. 16 Relationship between AErmsz and Depth of cut

AE T3t BET 2ot agdMe Z
°] AEmodex HAlzdd @l 4T @
ety a2, AEmode A T Tl R 9
In-process#@Aloll A 87153 parameterd & ¢
7 A1, AEmode= AEavgz, AErmszEt} o 4
AFoldA tEstA HELE + UL Aoz A
zagch= N

1200 —

900 t
— it}
velocity(m/min)

120 =m

300 I 150 e

180 o

AEmode (mV)
(o)
S

8.0 0.1 0.2 0.3 0.4 0.5 0.6
Depth of cut (mm)

Fig. 17 Relationship between AEmode and Depth of cut

5.4 &

AEA3E olg3d MAHAoA Az,
Z Aiase "ol °o]& S WE AFavg,



AErms, AEmode 59 A%S HAES Ad4 o

I 2 ARE A& 5 AU

1) AE 213 % AEavg® AErmst AHA&T 2

Hgzole Frtel wel FA3A Fotete G4

& BolA® olFe Frte dsiMe UznEA

A5 38R ol

2) AEavgz®t AErmsze dA&E, o]49 g

FoHg gAY FH wAHHez FIHY £

A},

3) TR 2 In-process ZAIE YA dat

Zdo) #AGle] dABE S JYetiE AEmode
AbgEtE Zo] Alx®e] FEHA R ¢

T AR

6. &nEd

1) L. Dan. J. Mathew, “Tool wear and failure
monitoring techniques for turning-A review,”
Int. J. Mach, Tools and Manufact. Vol. 30, No.
4, pp. 579-598, (1990).

2) J. Tlusty, "A critical review of sensors for
unmaned machining,” Annals of the CIRP, Vol
32, pp. 563-572, (1983).

3) S. Takata, T. Sata, "Model referenced
monitoring and diagnosis—-Application to the
manufacturing system,” Computers in Industry,
Vol. 7, pp. 31-43, (1986).

4) Y. Koren, T. Ko, A. G. Ulsoy, K. Danai,
“Flank wear estimation under varying cutting
ASME
Systems. Measurement and Control, Vol. 113,
pp. 300-307, (1991).

5 E. Emel. E. Kannatey-Asibu, Jr., "Tool
Failure Monitoring in Turning by Pattern
Recognition Analysis of AE Signals,” ASME
Journal of Engineering for Industry, Vol. 110,
pp. 137-145, (1988).

6) Ichiro INASAKI, “7a—XF4 v 7 -2 3w
Y3t aPBlT o 20, HAEKRES
W HE(CHR), Vol. 51-466, pp. 1163-1169, (1934).

conditions,” Journal of Dynamic

-64 -

7) S. Y. Liang, "Tool Wear Detection Using
Time Series Analysis of Acoustic Emission,”
ASME Journal of Engineering for Industry,
Vol. 111, pp. 199-205, Aug, (1989).

8) /MEBETH 2A, “T2—ZRF4 v -z iy
ParEHMALIZE ) VEBREBOBA" B AR
EHROUE(CH), Vol 51-467, pp. 1838-1843,
(1984).

9) Dornfeld, D., and Cai, H. G, "An
Investigation of Grinding and Wheel Loading
Using Acoustic Emission,” Trans. of ASME
Journal of Engineering for Industry, Vol. 1086,
pp. 28-33, Feb. (1984).

10) T. Blum and I Inasaki, "A Study on
Acoustic Emission from the Orthogonal Cutting

Process,” ASME Journal of Engineering for
Industry, Vol. 112, pp. 203-211, Aug. (1990).



