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Abstrues: Tn this sudy supervised neural network system was used w detest tool breakage in milling operations.
I Restricted Coubomb Energy (RCE) type neural network was used for superyised leaming, The effiectiveness
of the encading method was tested using the RCE network on both simulated and experimental cutting force
signals. The RCE network comeetly categorized mare than 98% of the presented data sets afler waining, which

inchided simulated and experimental eutting force data.
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INTRODUCTION

One of the mosl imporan  monitoring
requirements is a svstem capable of detecting ool
hreakages on-line. Linless recognized in time, wal
hreakage can lead o imeparable damage to the work
piece and possibly w the machine tool itelf? The
cutting force varimtion chasacteristics of mommal and
hroken tools are different. With the normal and
heoken ool culting force varintion signals s possible
10 train neara] networks. The milling operations can
e momitered with the newral network. afier iraining.
The use of restricted coulomb energy (RCE} sype
neural nebwork was evalusted for deteetions of tool
breaknge, in this swdy 2], Also simulation-based
training is proposed o reduce the cost of preparing
the svstems that monitor the real cutting signals.

Mlany different neoral neowork paradigins
hive been developed 1o achieve different feaming
and processing speed capabilities. Meurnl networks
are also classified s supervised and unsupervised
scoording 1o their leaming characteristics. Meural
network hased systems lhave been B‘J{:I“E'.i Wy pariern
recognition problems in many fields RCE wpe
supervised neural network paradigm was used for
detection of tool breakage in this study, Among the
available neurs] network paradigms. one of the mast
commanly tsed is the back propagation technigue.
Rack-propagation % a supervised leaming technique
and is  perfect cholee for many applicatiens such is
forecasting and anabog output generation. [n this
paper. RCE supervised neural nerwork parndigm was
used for detection of ool breakage, RCE paradigm
was wsed for the following reasons,

() The raining of paradigm is much faster than the
Pack-propagation lechnigue:

{hi The back-propagation technique generalizes the
given information in order o store it inside the
imitially selected  hidden layers. The hack
propagation  technique canmot  give  reliahle

decisions an the sufficiency of previous treining;
and

e} RCE networks can be used o evalunte the
charaeteriatics of the data and the performance of
the encoding method,

Supervised RUE networks have three layers
consisting of input, hidden and outpus lavers. The
neural network inspects presented cases during the
training session. For each inpul pattern. the neural
network first checks it can pecurately classify the
case. hosed on previous troining. IT i classifies than
input pettern correctly. it will not change the
parameters of the model. 17 it classifies B incomeetly,
based on the previous information. of it was nol
satisfactorily wrained for the presenied case, the
neurnl network modifies the previously selected
parameters, andior assigns & new hidden node, and
then selects the parameters. RCE networks do nat
generalize the presented cases, since only ihe
parameters of onfy the relwied hidden nodes arz
changed during Irining. After treining, the neural
network can classify the given inpul  patiems.
Another important issue is the raining of the reural
network. I i5  exiremely expensive and time
corsuming o collect cunting force data at different
cutting conditions with noemal and hroken tools. To
overcome this problem, simulationsbased training of
neural networks was introduced,

RESTRICTED COULOMB ENERGY (RCE)
NEURAL METWORK

The RCE network architecture i3 a feed-
forward arrangement. This arrangement allows the
metwork o classity  patiern signads in real fime
without any special hardware, RCE i a parllel
pewral netwark modeled afier the human learning and
classification process. The network i3 composed of
three lavers of cells: the input layer; the internal or
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hiclden kaver: and the outpul layer, The nodes of the
input layer are connecied 10 every node of the
imternal layer, The nodes in the internal layer are
connected sebactively 1o the output nodes during the
training process. The output nodes comespord 1o
different pamern classes. The intemal connections
oceur in such a way that the coreect output cell will
b fired when an appropriate panemn cliss is given 1o
the svstem. To use the newral networks, sensory
signals are processed and a set of features is created,
The RCE networks wse twao  leaming
mechanisms. When new patterns are presented 1o the
network, the response of the neurl netwark is tested
without any modification of the weight matrix. [f the
classification of the network matches the required
output, the weight matrix is not changed. Otherwise.
the influence of the existing nodes is modified and/or
a new node will be created.
The =sahiliy of such a network may be proven
through an clegant mathematical  technigue, A
function can be Found thal always decreases each
fme the network changes state. Eventually this
fumction must reach a minimum and stop thereby
grauring that the network s sighle, The function that
follows is called a Liapunov or energy methods
which have been applied 1w the amalysis of neural
networks, The cemral idea of the Coulomb energy
petwork is he definition of the potential energy of a
collection of memory sites. Each memory site can
either atiract of repel other memory sites. Memory
sites, %j.. X, AN be grouped inio pattern classes in
the fisture space. The electrostatic potential energy
af the configuration of a eollection of charges with
the same and differemt charges is defined by the
cquﬂl'iml o L :

M LE)

W= t%L}E Y 00 l5=%1<L
ful Jal

= am artificial network energy

L=parameter related b the memory sios

W= basin of atiraction

0 = output of newron

For supervised leaming. Qi(c) is defined as the

charge of the memory site, class. and ¢, in such & way

that the following criteria are satisfied:

signiicl] = sing (Qe' ) fore = 2

signiien) = sing (")) for e =’ (3

Where

For unsupervised learning, all patterns are
assumed different and the definition of the piractive
potential encrgy must be modified
Sagni Qe = sing (Q4c W forcw e’ i4)

A non ~linear sigmoidal logistic function is then
defined:
Fl

i b
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Where @ s the synaptic weight. F,and §, indicate
the affierent activity. k and 1 are parameters that
control the steepness of the sigmoid, and & ks 1he
threshold, Using the logistic funetion, the vecsor of
the network activity that resulis from mapping the
afferent pattern, £ via the weight mairis, wo., G
defined as:

n ]
w=Y &R onf) ®)

where ¢, 18 the unit veetor of the nth cell of activity,

When the avmaplic weighl matrix changes,
motion of the memory siies in the activity space
pecurs. The  electrostalic  enevgy, 4, con be
minimized by the correct selection of the synaptic
weight matrix. To minimize the poiential encrgy. the
gradienl. with respect 1o the weight matrix, is
determined:

bny, =- By 16w, (7

s L :
By= 3 3 QG 1% = | ) x-x | =5 -x
1L
k1]

As the weight matris develops. the poiential
enerpy fior o set of M pamems is minimized.

RESULTS AND DISCUSSION

The effectivensss of the developed RCE
neural network-based 1ol breakags detection system
was fested in two stages. [n the fisst sape, the
effectiveness of he encoding approach. number of
imputs. and selected  paradigms were lesied on
simulated dma. ln the second stage. the system was
wrained on the simulated duta and tested on different
cutting force panesns and experimental data.

The cutting forces of the end milling
operstions were simulated a1 different conditions
with perfect and broken wols. The simulated g of
the broken tool were prepared by conssdering that
e of 1he testh removed 8% less manerial comparsd
1o the ather teeth. The cutting tool was a Four-flute
end mill, moving at a 0.0002 m per woth feed rate. In
thse simulations, the axial depths of cul were selected
hetween 0000127 end (60254 m. The RCE network
wixa trzined on nine di fferent simulation sets, Each set
had 200-400 simulated cutting force profiles. In these
situations, feed rates were sclected between 0.0001
and 0L0KT m per toath, The axial depths of cut ranged
from 0,027 10 000254 m. The broken tooth
remaoved &0% less material than the other teeth. The
other parameters of the simulations are presented in
table 1. The RCE network used minimum 2.
maximum 3 predotypes to classify the good and
hroken oo signals, The neural network will classify
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the inpat pasterns withons any hesitation betwesn twa
possible clases.

Tahle 1. The sxperimental data collecied at the
cutting conditions to evaluate the performance ol the
selected encoding and the RCE reural networks

Anial depth | Feed rate Sgindle
of ewt {mm)_| (mm/min) | speed (rpm}
| 1006 5018 S0
|06 50,8 Sk
[ 1inlh 408 00
[ Lo& 5.8 S il
1.524 0.8 500
150 116 S0
|.524 03,2 300
|18 154 500
1016 S8 )
1014 L8 S0
| Lole EX E00)
1016 0.8 SO0
1524 40,8 300
1.524 1016 S0
1.524 2032 (K]
[ 1524 134 w0 |
15081006 | 0.8 30
11, 5018- 1016 1015 A0
| D.762-1.625 0% 500
0. 762-1.625 [E3 300
CONCLUSION

The resuftamt culting foree of milling
operations was monitored by RCE type neural
network to detest toal breakage. The effectiveness of
the proposed encoding and selected paradigms wis
tested on simulated and experimentally colkected
@z, On small iraining sets the RCE neural network
established two o five prototypes o represent the
perfioct and brpken 1ool.

The RCE neural networks were ahle o leam
characteristics of the traiming cases after a few
inspestions, while the hack propagmtion approach
1.

-

needed hundreds of presenations, The leaming speed
and moouracy was found 1o be very convenient and
helpfial for monitering of milling operations with
single precessor microcomputers, The neural network
could identify mone than 98% of the presented lest
dara with confidence following computer simulation=
based mmining. The proposed encoding method
method snd RCE type newral netwarks were found 10
be conventent and beneflclal for detetion of wol
breaknge when a Jow cost system 10 momilor
repesiiive cufting operations in which the cutting
conditions are constant i going to be developed,
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