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Tool Wear Monitoring in Milling Operation Using
ART2 Neural Network

Sun-Il Yoon,* Tae-Jo Ko, ** Hee-Sool Kim**

ABSTRACT

This study introduces a tool wear monitoring technology in face milling operation comprised of an
unsupervised neural network. The monitoring system employs two types of sensor signal such as
cutting force and acceleration in sensory detection state. The RMS value and band frequency ener-
gy of the sensor signals are calculated for the input patterns of neural network. ART2 neural net-
work, which is capable of self organizing without supervised learning, is used for clustering of tool
wear states. The experimental results show that tool wear can be effectively detected under various
cutting conditions without prior knowledge of cuttig processes.

Key Words : Tool wear(F¥oF2), Monitoring(&4l), Face milling operation(Ra2®),
Cutting force(ZH44¥), Acceleration(7}%4=). ART2 Neural network (473
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Fig. 2 Schematic diagram of experimental set-up
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Table 1 Specification of experimental instruments

| #RA71A HMV-F-1100
[ Kistler type 9257-A
Rion type PV36
Kistler type 500812_5;&1—2300

| Milling machine

Tool dynamometer

Aoce]erc;meter

C.harge amuhﬁer

Al converter Data Lransl'mon l)l 2&'33

;  Personal computer IBM PC 486DX ‘50

| ol

i Oscilloscape Tektronix 2202 storage

' Tool microscope Mitutoyo type B1-5H

Table 2 Details of cutter and insert for cutting
experiment

i 2 Model © . MAISSPOR-12

: I 3. Specification :

[ Cutter [ Lend angle : 15 deg,

: Rachial rake angle : 0 deg.
Axial rake angle | 7 deg.
In%rt numbcr : 6

1 Mlku‘ lxurm lungbtt.n i
2 Model : SPGN 1204P20 !
3. Specification : i
Material @ Tungsten Carbide(P20) i
Tool nose radius © 0.8mm
l“lunk n.hcf angk‘ ll deg :

. Insert

R S

BoAE Fol7] A3 Az(iglsk thelEAIAE o] &
8t 0.01mm ol 2 2Fatgich.

T EFE JME "o FERs M £
& 71%0] Hy FARE vlR(0]3} dFR t)E F
TERLR 23AG. 3349 67 AMES vpRFge
i3 zo] BEALgAch

v, =L 2 VB(i) (15)

E d7da 279 wre 180 F4o weEd x
2%9% AARAF-E AdF 1-}“1.7(1 R viee o
TEF /% w2F VBE 3l P8t Fr¢

He $E7EL oY nEFo] 0.3mm ©)3Y He
448 (normal state), 0.3mm °l4Y W HAF
24+ (abnormal state) 2 Bttt
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Table 3 Cutting conditions used in the experiment

Feed

Cut Cutting ‘“Bepth Tool
o, speed ratc of cut | state
(pm) _ {(mm/min)| (mm) | VB(mm) |
1-G 370 61 | 0.8 0-08
10-18 370 ! L2 0-038
19-27 370_ 1 87 1. 08 0-0.8
83 | 30 | & | 12 | 008
37-45 520 87 0.8 0-0.8
46-54 520 87 12 0-08
5-68 | 52 | 127 | 08 | 0-08_
64-72 520 127 1.2 0-0.8
7381 750 87 0.8 0-08
. 82-90 w87 1.2 0-0.8
91-99 70 127 0.8 0N-0.8
S 100-108 | 790 127 1 12 0-0.8

A %%2%7) (charge amplifier) 2 £33 FZ§ = 2
A2 23 Z (gscilloscope) 2 FESHAAM | ©oHE
off-linee 2 2 &7] s} vlold # =) (VHS cas-
sette data recorder)ell AAE At A4H deolH=
Aol dejsA FLd 9 DCHRH Fd
runout A¥2 AAS A4 30-1200Hz8] HS %
T (band pass) ZHHL k. o Adis ADHEY
& F8)4 4KHz= AZFF =0 2048704 PCZ ¢
E94 4.

Table 32 £ A¥dA 4Alg daz30E gl
23 '

4, MExEl 2

Am

5

utHo g MA e £HAFE g B3 3
Holo) 7k FEA o] TEHA lenz BHY
o $EL 53 459 §/N ¥l (signal/noise ratio) &
Eol= AAE (preprocessing)7t 988t} o)¥A A
A Az sl §AFZF(feature extraction)E
A8 AeEE W zA Adde] FAHEHY,
ZR499e ~dEH (spectrum)FAE, NAE
(time series)¥AW T wdd A& P2t
714 Be ANE Bor de FuFEddey &
A EAREAY 52 A3AY Aol Az W2
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Fig. 3 Power spectral density of cutting force with
the progress of tool wear
(Speed : 370rpm, Feed rate * 61mm/min)
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Fig. 4 Variation of cutting force with the
progress of tool wear
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(Speed : 370rpm. Feed rate : 61lmm/min)
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of AR AAzAH FFuE Aele Table 3% 2
th. 379 slRAEHE FAAH u2dg (mmTH
0.8mm7H) 9¢A 2 /s

ART2 4743 2reA A ()58 A(NAA A"
Brae dgulolele Iy Fed wel deiluh
dvidoen o Aegtd ¥ ZF¥E I Z4€r
2 AP M= A7 FazAdA o] dFa
£ a=0.4, b=0.4, ¢=0.6, d=0.6, e=0.001, 6=0.62
2 AR89 o M 3E9 ERYTE e,

Table 49 (a)dlA (W7AA= AAZ % Table
3% 22 Az HolHE JHAAS 4 vEE
2T EHAdot. 4714 2YTE 49 22
Zrglon 1 o YT MR 22 AHS
Jeligld, & $9¢ 1& 3439 37384, 298¢
2t F7uE 39E Jehie 287 383 29% 48
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Table 4 Classification results of the ART2 neural

network

(a) p=0.95, 370rpm, 6lmm/min, 1.2mm

Cut no Class 1 | Class 2 | Class 3 | Class 4 |
1 1 0 0 0
2 1 0 00
3 [ L. 0 0. 0
4 1 0 Lo 0
5 1 0 00
6 D S - 0 ! 0
7 1 0 010
8 1 0 o 10
9 i 0 0 10

(b) £=0.96, 370rpm, 61lmm/min, 1.2mm

Cut no,| Class 1 | Class 2 | Class 3 1 Class 4

VR

!

OO0 =2 E O [T |k [ LA EDNG 2
|=HeleHeHotla g Lot
|t et {5k e | O | Y RS

!
o|lo|oic|cisio|e
ololc|o|clo|oe
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(c) £=0.995, 370rpm., 61lmm/min, 1.2mm

Cut no.| Class 1 | Class 2 | Class 3 | Class 4 |

1 1 0 V] 0

2 0 1 0 0

3 0 0 1 4]

4 |0 0 1 0

5 0 0 1 0

6 0 10 10
70 o [t 0

8 o 10 1 0
9 ¢ 0 o0 1.0

(d) £=0.96, 520rpm, 87mm/min, 1.2mm

‘Cut no. ‘HQEIES:M 1| Class 2 i Class 3 Classwiw
46 1 0 0 0
K 0 Q 0
48 1 0 0 0
4 SN 0 10 |
50 0 1 0 o0 |
51 0 1 0 1 0
52 o | 1 | o | o
58 1 0 | 0 1 0
000 FOWUSU SO a 0

d2lg) £ Folth Table 4(a)9lA Table 4(c)7A
T TYE ANadA Fymied wE JHEARE
F3 ARS 2 AAAS ot QANAE o 29
FE9 W3S e, 9714 AAASIE 0.950]
stfAe HEe BdXd ¥ ARES} BojA EZE
AEARAEL class 122 EFIED. AAAFE &
A 0.9601% 0.9971A€ =2 0.3mmel-4e 378
class 22 & #7atgtt. v AAAE7} 0.99914
dr = AHsfe e Wil vF RN 34 &4
To2 EFIGT. & FEORY BERE Z7)4H,
704, zeEla A sied Adg Jehile 4%
o2 o 7} ot

Table 4(d)g Table 4(e)= HAM&RS] o4& mr)
e 4749 gged F94& AAALE FASEA
AHGS FAL o) FTuRY AP B2 FEFE
Vel ozt o e} AMtiez 37
Ale e E 3 ERd
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(e) p=0.96, 750rpm, 12Tmm/min, 1.2mm

C,Pﬁ_fl‘fj_ 91‘13?_1__9355 2 i Class 3 | Class 4
100 ¢ 1 0 0 0
0 1 0 0 0
102 1 0 0 0
103 0 1 o o |
104 | 0 D A L
105 0 1 0 0
106 0 1 0 0
107 0 1 0 0

L 18 ;0 1 0 0

(f) p=0.96, 370rpm, 520rpm. 87mm/min, 0.8mm

:Cut no.| Class 1
.19
20
21

o
-

i
F/
v

.-a--:.-ﬁ,—‘ﬂuooo.—-—u—y—n»d»—-coo:'a

i
i

T
H

i

L

.23 [0 )
25 0
26 [0}
27 0
37 1
38 1 i
0
0
0
0

E
|
|
s

oloioimim

H
H

i
i

H

ioicioclciocio|cicloioiolo|oio|c|olo

)
i
4

.
41
42
43

H
i

L
i

[l

i 45

SHOOICOIC | OO OO0 (ST oo oo

|
1
|

o
.
gl

Table 4(f)9} Table 4(g)e & A42ANN T+
7t 273 wRd q7A] A4 A FTE 88T
A HAETE WAAAN A&H0R JHPE F
Ax W d&He ¥FAFE Vgt Table
4(f) Table 3% 22 AAzZdA HAN&EE I3t
HANZE e 3UF dazdez JdEge W9
FAE A4 FRdse JEAY, a8y Table
4(g)9} Zeo] AAEEZ FAM WAANAL de T
T AHE class 1, class 2 283 class 39 374
IFoR BRI ol YHEA YR Holy T
& 43 9% &g 202N 9UF 9ulq
] Al

by

17ve) Qs $o18 Aoz oldd 4 qlvt.
EE class 2 ol4E F9vle A2 B class 3 9
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(g) #=0.96, 370rpm. 750rpm. 87mm/min, 0.8mm

Clags 2 | Class 3 ‘Class 4
0 0

Cut no.| Class 1
19
20
a1
P29

23

i 24

-]
26
27
73
74
)
76
77
78
78
£0
81

i

i

!

(=R Pt T e td =] e P S e et P LY Ty o)

i

ololojoiololo|~ito|oloicjaio|~i-|—
i~ olol-o|lolo|loleloicicicio|olo
olo|olcicio|o|o|le|s|clo|o|alelala

(h) £=0.96. 370rpm, 6lmm/min, 0.8mm, 1.2mm

Cut no, Class 1 | Class 2 | Class 3 | Class 4 |

I 0 0 0

2 1 0 0 0
3 1 1.0 0 0
4 0 1 0 0
5 01 1 0 0
_6 0 1 0 0
710 i1 0 0
8 10 i1 0 0
9 0 1 0 0

10 ! 0 0 D
it 1 0 0 0
12 0 1 0 0
13 0 I N I
14 0 1 .0 0

L 15 0 0, L. ' 0 |

16 .0 0 L i 0
7 0 0 L. 0
18 0 0 1 0

Al FFOEE B 4 ot Table 4(h)e Aol E
ARAAN dFAe2 JAFRE FUL A9 EA%S
UEsS. o] Ztd= 94 d9e A4zAH va
stl EHHBE Ao 47T A4=UY ERYEL
ARE7 A5 Freld e 2geR ERAT.

6.4 B

22 WA 37 ctegee A 4
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