Tool wear monitoring in milling with neural networks
by using motor current measuring
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Abstract

Indirect measuring of tool wear without stopping the process is a purpose in machining. In this paper an
intelligent system for on-line tool wear estimation in milling through measuring spindle motor current is
proposed. For this the current of motor in different condition of machining (feed, depth of cut and rpm of tool)
and wear were measured with practical experiments and the effects of milling tool wear on current of motor is
analysed. Based on the results, a back propagation (bp) neural network is developed and trained. Using this
network the tool wear could be estimated while machining in different conditions with measuring current of
motor. This system could be used in controling and monitoring of the machining process.
Key words: tool wear, milling, neural networks, monitoring, motor current.



(unmanned  Flexible

UFMS

Manufacturing System)

www.SD.ir



CD

AB

BC

CD

mmV B .l sk sl

08

0.7
0.6

0.5

04
0.3

0.2

0.1

’ -
-

shl phaw 3 Sl

100 150 200 250
sl ol



Vs

_ Vptana
1—-tany tan

bVB2 tana

- 2(1—-tany tancr)

W'=Ilbsina

KT

ks
KM

Py

Ve
(NOTCH)

Vx
Vs
Vgmax
| A hll:_,s
|
___________ ey SR
| A
B ubl. NGk b e
=1 A
| i

VBmax

i/l 1|||| ||| 1!E|!If|[plﬂ| N
/ | VN

ve |




o ol

¥
“ > el ,;_g_.-,wlb 6&“"
W
Xth Rth '
Zth
. 120F
Zth = Rth +lXth ( ) C()Syn :W ( )
p F
W mech
(s)
g = DOsyn — Opech ()
a)syn
R
Pmec'h = Tmech O pech = 122 Tz(l - ) ( )
R2 12
S Fa()
mech — ’
P Ry + (X XD
1 12 Ré
T, mech — 1 2 T ()
on X; R, VY

X2 Ry



) bp matlab
(
[-1]
2
f(x)= [Ep—— ()
1 50mm ST37
S0 =2+ L@]i-fw] ()
1s040-22-E
()
mm
mm/min )
I | (rpm mm [ /
()
()
- (rpm)
a=1.0 =112
- / / /
- / / /
- (max/min)
a=1.0 n=500
- / / /
- / / /
/ / / / (mm)
n=500 f=112
/ / / /
/ / / /




Traininy-Blue Goal-Black

5l e
3 gl >

TEEPEE Y L] S EEN

Petforrnance is 9.92033e-005, Goal is 1e-005
1':' F T T T T T

1 1 1 1 1
a 200 400 B00 800 1000
1144 Epochs



cos (fi)

p=VIcos(f;) ()

fi

fi

fi

[1] G.M. Zhang, R.G. Kanchustambham, “Neural
Network application in on-line monitoring of
turning processes”, Technical research report,
University of Maryland, Internet, 1999

[2] Bernard Sick, “Monitoring the wear of cutting
tools in CNC lathes with Artificial Neural
Networks”, pp. In Proc. ICASSP-97,Apr. 21-24,
Munich Germany, IEEE 1997

[3] J. Y. Wang, C. R. Liu, "The effect of flank wear
on the heat transfer, thermal/damage and cutting
mechanics in finish hard turning”,» Annals of
CIRP, Vol. 48.1, 1999, pp. 53-58

[4] EJA. ARMAREGO, R.H. Brown, "The
Machining of Metals", Prentice-Hall, Inc., 1969

[5] Stephen J., Chapman, "Electric Machinery
Fundamentals"

[6] Tugrul Ozel, Abhijit. Nadgir, "Predication of
flank wear by using back propagation neural
network modeling when cutting hardened H-13
steel with chamfered and honed CBN tools",
International Journal of Machine Tools and
Manufacture, 42, 2002, 287-297

[71 R. G. Silva, K.J. Baker, S.J. Wilcox, "The
adaptability of a tool wear monitoring system
under changing cutting condition" , Mechanical
Systems and Signal Processing, 14 (2), 2000,
287-298

[8] Abhijit Nadgir, Tugrul Ozel, "Neural network
modeling of wear for tool condition monitoring
in orthogonal cutting of hardened steels", 4"
International Conference on Engineering Design
and Automation, July 30-August, Orland,
Florida, USA, 2000

= N > o

~



