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Spremljanje procesa z zaznavall pri struZenju nodularne litine z rezalno keramiko *
Process Monltoring with AE Sensors In Turning Nodular Cast with Cutting Ceramics

JANEZ KOPAC — SLAVKO DOLINSEK

0. UVOD

Pri obdelavi na sodobnih wveéoperacijskih
strajih je, zaradl vse vedje stopnje avtomatizacije
obdelovalnih sistemov, nadzorovanje rezalnega
procesa neobhodno potrebno. Prigraditev ustreznih
nadzorovalnlh sistemov omogoeta gospodarno upo-
rabo orodl] In zmanj8uje zastojne £ase obdelovalnih
procesov. Kljub temu, da se s problematiko te
vrete ukvarja mnogo raziskovalcev, lahko reftemo,
da so danasnjl slstem| nadzorovanja In preverjanja
e vedno v razvoju, njlhova zmofnost In zane-
sljivost pa sta vedno vedji.

Potrebne komponente za sestavo nadzoroval-
nega sistema rezalnega procesa so: zaznavalo, ob-
delava signala, model In strateglja (sl. 1) [1].

1. INTRODUCTION

Due to the Increasing automatlion of machining
systems, monitoring and control of the cutting
process on modern machining centres has become
a necessity. The use of adequate monitoring and
control systems Improves the economy of machi-
ning and reduces down-times. Despite extensive
research In thizs field. the present systems of
monitoring and control are still considered to be
in the stage of development, their capabilities and
rellability however are growing all the time,

The components necessary to set up a monil-
toring and control system for the cutting process
are: a sensor, a signal processing unit, a model
and strategy (fig. 1) [1].
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Sl. 1. Kemponente opazovalnega In nadzorovalnega slstema.
Fig. 1. Structure of a8 monitoring and control.

Zaznavala merijo doloceno flzikalne vell&ino
rezalnega procesa In posredujejo osnovno Informa-
cljo o dogajanju na rezalnem robu. Razvo] zazna-
val poteka v smerl Izdelave, »intellgentnihe siste-
mov z ve¢ zaznavall. Signal Iz zaznavala moramo
ustrezno obdelatl (Filtriratl, ojatati, digitaliziratl
itn.), odvisno od modela in nadina opazovanja si-
gnala. Modell so primerjalni algoritmi in primerja-
Jo signal 1z procesa z veli¢ino, ki ustreza pravil-
nému nemotenemu poteku ohdelave. Iz modela do-
bimo Informacijo o stanju obdelovalnega procesa.

*Za tisk prirejeno predavanje. ki sta ga imela avitorja na
tretjem mednarodnem posvetovanju o opazovanju in dia-
gnosticiranju v Las Vegasu 9.12.-12.12.1991.

Sensors measure a specific physical parame-
ter of the process and provide the basic Informa-
tion about the conditions on the cutting edge. The
development tendencies in this fleld are aimed at
creating Intelligent multiple sensor systems [1],
[2]. The slgnal coming from the sensor has to be
adequately processed (filtered, amplifield, digitali-
sed) depending on the model and method of obser-
vatlon. The models are comparison algorithms
comparing the signal from the process with the
model algorithm representing the correct undis-

* Adaptation of a paper read at the 379 International
Machinery Monitoring and Diagnostics Conference, Las
Vegas. Dec. 9-12, 1991.
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Z ustreznimi strategijami pa se odlo¢ime, all pro-
ces nadal jujemo, popravimo all pa ustavimo. 5 po-
vezavo nadzornega In krmilnega sistema dobimo
adaptivnl nadzorovalnl sistem, ki spreminja para-
metre obdelave glede na stanje v sisternu.

Za posredno spremljanje stanja rezalnega
orodja moramo v zafetnl fazl sestaviti ustrezen
opazovalni sistem, ¢e pa zellmo napovedati lome
orodij (kar naj bl bil konfen rezultat raziskav),
potem moramo diagnosticiratl . MoZnost je tudi,
da zanesljilv In prelzkuien nadzorovalnl sistem
povezemo z adaptivnlm delom In ga nautimo,
kako naj se odzove prl razli¢nih obdelovalnih pri-
merih [2]. Stevilo znaéllnostl nadzorovalnega si-
stema Je odvisno od Stevila zeznaval, signalov In
modelov (sl. 2) [1], [2). Razvo] je usmerjen v lz-
delavo sistemov 2 ved zaznavall In veé modell. Ti
povetujejo gostoto Informacl) In dajejo vedjo za-
nesljivost nadzoru rezalnega procesa, kar je bllo
tud! vodilo naslh raziskav.

Movejsa metoda opazovanja rezalnega procesa
sta merjenje In anallza akusti¢ne emisije (v nada-
ljevanju AE), ki nastane prl prerazporeditvi kri=-
stalnith zrn all nastanku mikrorazpok. Metoda
merjenja AE je zelo obetavna, ker se AE vzbuja v
rezalnl conl pri znadllnlh pojavih med rezanjem
kakor so: deformacija obdelovanega materiala v
odrezek, obraba ter zlom orodja In podobno.

Tetave se pojavijo prl nafinu obdelave In
anallze signala AE ter loZitvl posameznilh kempo-
nent, ki =0 motline. Vellka kall&ina Informaclj, ki
jih nosi signal AE uvrita metodo merjenja AE v
osnovne raziskave rezalnega procesa. Modell anali-
ze In obdelave signala AE slonijo na korelacijski
povezavl med kritiéno velléino rezalnega procesa
In dolofeno karakteristiko signala AE.

turbed course of the machining process. From the
model one recelves Information about the condi-
tions of the machining process, and, using suitable
strategles, then decides whether the process will
be continued, regulated or stopped. By comblning
the monitoring and the control system, an adaptive
control system 1is obtained, which Is capable of
changing the system's parameters with respect
to the conditions detected.

For the prediction of tool fallure, which Is
supposed to be the final alm of this kind of rese-
arch, one must first set up an adequate monlto-
ring system to follow the conditions on the
cutting tool, then we proceed to diagnostic
Another possibility is that the enginer connects
a rellable, proven control system to the adap-
tive unit and teaches it to respond to wvarlous
cases of machining [2]. The features of the moni-
toring and control system depend on the number of
sensors, signals and models (fig. 2) (1], [2). Trends
in the development of these systems are to lead to
the construction of multiple-model systems. These
kinds of systems should Increase the density of
Information and ensure thelr higher reliability,
which has also been an objective of the research.

Measurement and analyzsis of the acoustic
emisslon (AE) from metal cutting 1s a relatively
new method used for the identification of the con-
ditlons In the cutting process, AE |s caused by the
restructuring of crystal grains or formation of mi-
crocracks durlng which, due to the release of stress
waves, high frequency vibrations are emitted. The
method of AE measurement Is very widely appli-
cable and promising. AE signals are generated In
the cutting zone If during cutting, some characte-
ristic phenomena occur such as cutting edge defor-
mation, chip deformatlon, tool wear, fracture etc.

Difficulties are encountered In the develop-
ment of methods for AE signal processing and
analysls, and In separating those AE slgnal com-
ponents which represent disturbances.
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Sl. 2. Moznosti kombiniranja zaznaval In modelov
Fig. 2. Combination of sensors and models,
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S hkratnim opazovanjem In  primerjanjem
signalovy AE In dinami¢nih rezalih sil ugotovimo
znafllnostl In primernost meritev in analize signa-
la AE. Dinamiéna rezalna sila in AE sta odziv do-
gajanj v rezalnl conl. Z njuno primerjavo in kore-
lacijo z obrabo orodja lahko dobimo merila za oce-
no oblike in vsebine slgnala v razliénih razmerah
dela In za razli¢tne obrabe orodja.

1. STRUZENJE NODULARNE LITINE NL B0

Osnovno Izhodi&¢e za natrtovanje rezalnih pa-
rametrov je e vedno tehnolodka podatkovna banka.
lzbranl rezalnl parametrl morajo zagotavljatl =
preizkusl ugotovljen éas obstojnost! orodja, med-
tem ko naj zeznavala v preteZnl merl opozarjajo
le na nepredvidene dogodke.

V Laboratoriju za odrezovanje Katedre za ob-
delovalno tehniko na Fakultet! za strojniftvo se s
problem! obdelovalnosti materialov ukvarjamo Ze
vrsto let. Pri tem poteka priprava rezalnlh podat-
kov za podatkovno banko #e po ustaljenih, skoraj
standardiziranih In mednarodno usklajenth navodi-
lih [31, [4]. Tako je mogota tudi izmenjava podat-
kov o obdelovalnostl 2 mednarodnimi sredizcl, kjer
Jje ukvarjajo s podobnimi problemi.

V takanl podatkovni bazi je obstojnost orodja
eden od najpomembnejsih podatkov. Znane so ite-
vilne raziskave o problematik! obrabe orodij In za-
nesljivostl rezultatov obstojnosti. V primerih, ko
amo obdelovall materiale z dobro obdelovalnostjo
pri zbiranju podatkov nismo imell posebnih proble-
mov. Pril raziskavah obdelovalnosti materialov za
posebne namene In razvoju novih orodl] all rezal-
nih materialov pa je bila obraba rezalnega roba v
glavnem v oblikl poskodb ali zlomov in jo je bilo
skora] nemogote napovedatl v oblikl enath za Cas
obstojnosti.

Kot praktiden primer bomo prikazall rezultate
raziskav obdelovalnost] prl struzenju nodularne
litine z rezalno belo keramiko. Osnovnl podatki o
materialu in orodju so zbrani v preglednici 1.

Glede na eksperimentalne meritve obrabe
orodja In ustrezno statistiéno obdelave podatkov
Je mogote z uporabo razgirjene Taylorjeve enatbe
za obstojnost (sl. 3) dolofitl ustrezno rezalno hi-
trost:

The broadness of the Informatlon contained
In the AE slgnal makes this method part of the
fundamental research methods of the cutting pro-
cess. The models of AE processing and analysls
rely heavily on the correlation between a critical
cutting process parameter and a characteristic of
the AE signal.

By simultaneous observation and comparlson
of AE signals and dynamic cutting forces one can
find out the characteristics of the AE signal ana-
lysiz and asse the suitability of measurements. By
comparing dynamlic cutting forces, tool wear and -
the AE, the criterla for the evaluation of the AE
slgnal can be set up. On this basis, the form and
content of the signal occurring In specific cutting
conditions and at specific tool wear can be establis-
hed.

1. TURNING NODULAR CAST NL 60

The maln starting point In the planning of
machining parameters Is, for the time belng, still
the technological data base. The chosen technolo-
gleal parameters have to ensure the tool life pre-
dicted by tests, while on the other hand, the dis-
cussed AE phenomena occurring in the process act
more or less only as a warning of the upredicta-
ble events that may occur In the cuttlng zone.

The Laboratory for Cutting, Dept. of Machi-
ning Techniques, Faculty of Mechanical Engine-
ering, Ljubljana, has been active in the study of
the problems of materlals machinability for seve-
ral years .The preparation of cutting data for the
databaze |2 organised according to the established
standards and Internationally accepted Instructlons
[3], [4]. This enables the exchange of machinabl-
lity data with Interantional centres dealing with
similar problems.

In a database of this kind, tool life is one of
the most Important pleces of data. The problems
of tool wear and the reliability of tool life results
have been the subject of numerous research. In
the cases where materials which are easy to
machine are used, one does not encounter any
problems In gatherlng data. On the other hand,
with materials for special purposes, in the deve-
lopment of new tools and tool materials, tool wear
often results In cutting edge damage and failure
and It has become Impossible to predict It by tool
life equations.

The following example illustrates the results
of machinabllity Investigations In turning nodular
cast with white cutting ceramics. Table 1 shows the
basic data on the workplece materlal and the tool.

Based on experlmental measurements of tool
wear and statistical data processing, It Is possible
to determine the cutting s ., using an extended
Taylor's equation for tool life (fig. 3).

v, = 936,12 x £33 g=032 o p=0.82 . g :

pri cemer so £, a, ¢ in VB spremenljivke in pome-
nijo: f— podajanje v mm, a — globino rezanja v
mm, t— ¢as struzenja v min in VB — obrabo na
prosti ploskvl ¥ mm.

where: f— feed rate Imm), a— depth of cut [mm],
t — turning time [(min), BY — flank wear land
[mml.
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Preglednica 1. Podatki o materialu in orodju
Table 1. Workpiece and Tool Data

Obdelovani material NL 60 (trdota 266 HB; natezna trdnost 600 N/mm®)
Workpiece material NL 60 (hardness 266 HB: lensile strength GO0 N/mm?)

Smtfuf
L, il lit ferit
Composition s Mn P Cr Cu Mo N per er
X 1.8 2,0 0.3 0.1 0.1 0.15 0.1 0.5 11 20
Rezalni material CR 05 (Bela keramika
Tool Material CR 05 (White ceramics ~ COMET!
sestava gostota trdota upogibna trdnast natezna trdnost
compasition density hardness bending strength tensile strength
ALO, 3.95 g/cm’ 2000 HV 350 MPa 2500 MPa
Rezalna ploStica: Driale
Cutting plate:  SNGN 120712 T02020 meza o CSNL 3295 P 12
a i A x £ r
(i} -6 -4 (L] a0 12

Diagram T — v, na sliki 3 prikazuje tas ob-
stojnost! orodja v odﬁrisnusu od rezalne hitrostl v
In podajanj f. Zanesljivost tekinega diagrama je
povezana s homogenostjo obdelovanega materiala

Graph T - v, In figure 3 shows tool life time
versus cutting speed v, and feed rate. The reliabl-
lity of this kind of graph depends on the homoge-
nelty of the workplece materlal and the quality of

in kakovostjo rezalnega materiala. Kljub temu, da the tool material. Despite the fact that the Initlal

difficulties in the development of cutting ceramics
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S1. 3. Diagram T-v_ pri struzenju NL60 s keramiko CR05.
Fig. 3. Tool life graph.
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so bile zafetne te2ave pri razvoju domade rezalne
keramike kasneje odpravijene in je bila njena ka-
kovost primerljiva s podobnimi izdelkl druglh lz-
delovaleev [5], so se poskodbe orodi) zaradl vkijus-
kov v materlalu obdelovanca %e vedno pojavljale.
To je bilo e posebno opazno pri obdelavi v opti-
malnem podrotju rezalnih parametrov (sl 4): vedje
rezalne hitrostl v In podajanja F [6], zato smo
zatell pripravljatl sistem 2z zaznavall, ki bl nas
opozarjal na lome orodi).

|

Lmi
sptimalni rezalni
podatki tahnicne
v

oiptimalni
rezalni podatki

priparadijivi z

s tahnichi
rezalni podatki reraini
podatic

m fmin
%

produced by Slovene manufacturers have been re-
moved, the quallty belng comparable to simllar
products of other manufactures [3], tool damages,
due to Inclusions in the workplece material, has
nevertheless still turned wup. This has been obser-
ved especlally on machining within the optimal
range of cutting parameters (flg. 4) with high
cutting speed v, and feed rate f[6]. Therefore we
started to prepare a system with sensors which
would slgnal tool failure.

global
optimmal

culting data
epiimal
cultimg data
i
fecomended
cutting data

bk.

tahnical
limitations

technical
culting data

m min

Sl. 4. Spreminjanje rezalnih parametrov glede na vrsto podatkov [4].
Fig. 4. Definitions of data types in cutting [4].

2. POJAV AKUSTICNE EMISLIE
PRI ODREZOYVANJU

Pod Imenom akustiéna emisija razumemo
signale v obliki mehanskega valovanja s frekven-
caml od 10 kHz do 10 MHz. Akustiénl emisijski
valovl nastanejo prl prerazporeditvl In  pre-
premikih strukture In kristalnih redetk pod
vplivom plastiénih In elastiénih napetostl v ma-
terialu. V mehansko obremenjenem materialu
nastajajo mikroskopske razpoke, ki povzrotajo mi-
kronestabllnost In notranje napetostl, Prerazpore-
ditev napetostl povzroti elastiten val AE, ki je
sestavljen Iz vzdolZne In preéne komponente. Sig-
nal AE razdelimo v:

— nepretrgani all zveznl signal AE, ki nastane
pri plastiéni deformacijl duktilnih materialov;

= lzbruhn! all diskretni signal AE, kil nastane
med Sirjenjern razpok v materialu in prl zloemu
materiala,

Cone, kjer prl odrezovanju nastajajo signali
AE, prikazuje slika 5 [7].

Raziskave uporabnostl merjenja signalov AE
pri odrezovanju so usmerjene v razvoj metod,
modelov In meril, ki naj iz enotnega nepretrganega
slgnala AE preﬁnna]u posamezne oblike pofkodb in
obrab orodja. Za lom, razpoke In drobljenje orodja
50 znafllnl trenutnl pojavi signalov z visokimi
amplitudami. Pri drugih oblikah obrabe pa je po-
trebno |z celotnega spektra signalov razbrati
in &ﬁllziratl znatllne signale za dolofeno vrsto

r

Glavne znacilnosti dobljenih signalov AE
30:

2. ACOUSTIC EMISSION DURING CUTTING

The term acoustic emission denotes signals
in the form of mechanical waves In a frequency
rangea from 10 kHz to 10 MHz. AE waves
are released as a result of restructuring and
changes In the crystal lattice under the In-
fluence of plastic and elastic stresses In the ma-
terlal. In a mechanically loaded materlal, micro-
craks occur, causing microinstabilities and Inter-
nal stresses. A redistribution of stresses results
in an elastlc AE wave consisting of longltudinal
and transverse components. AE signals can be
classified into two maln types:

— continuous AE =ignals occurring In plastic
deformation of ductile materials, and

— putburst or discrete AE slgnals generated
by cracs propagation and material fracture.

The zone of generated AE signals during
cutting as seen from flgure 5 [7].

Research tendencles In the fleld of AE signal
measurements during cutting are directed into the
development of methods, models and criteria for
the detectlon of damage and tool fallure from a
uniform continuous AE signal. Fallure, cracks and
crushes are announced by accldental signals with
high amplitudes. Other forms of wear have to be
recognized from the entire AE spectrum from
which the signal characteristic for a certain kind
of damage has to be Identiflied and analysed.

The principal characteristics of AE signals are:

= high frequency range from 10 kHz to
1 MHz
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= gtrig in plasti®na deformacija
obdelovancga materiala (4, 2, 3),

— razpoke v obdelovanem materia-
lu (1),

= trenje med obdelovanim materia-
lom, orodjem. odrezkom in lomil-
cem odrezka (2, 3, 5),

= trki in lomi odrezka (7, G)

— gheer and plastic deformations of
work material (4, 2. 3)

— cracking of work material (1)
= [riction amang work material,
tool. chip and chip breaker

(2 3 5

= collision and breaksge of chips
(7. 6)

S1. 5. Obmodja vzbujanja AE signala.
Fig. 5. Sorces of AE slgnals.

— visokofrekventno obmecje od 10 kHz—1MHz,

— nakljufnost zaradl lastnostl procesa,

— neperlodi®nost,

= matemati¢no jilh ne moremo eksplicitno

oplsatl.

WV preglednicl 2 so prikazane doslej razvite
osnovne tehnike spremljanja in analize signala AE
z oplsom praktine uporabnostl In njihovih po-
man jkl jivostl.

3. OPIS MERILNEGA MESTA

Merllna verlga je prikezana na sliki 6.

— randomness due to the nature of the pro-

cess i

= non—periodicity

— impossibility of explicit mathematical des-
cription,

Table 2 glves an overview of the present day
basic techniques for monitoring and analyzing
AE signals describing their advantages and dis-
advantages.

3. EXPERIMENTAL

The measuring chain Is Illustrated In figure 6.

zoznavalo okustitng emisie
AE senzor

KISTLER 9257

nabojrd ojoZevalnik
L charge ampilifier KISTLER S001

LLELLLLL
LLLL

L
LLLL

L
L
. L LL

el |

dinamiéni analizotor
i HP 3567 A
dynamic analyzer

HE - i

Sl. 6. Merilna veriga.
Fig. 6. Experimental set-up.
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Preglednica 2. Posredno povezane tehnike opazovanja stanja orodja na podiagi signala AE [6],

Parameter AE

Opls Opombe
g sgn.lsm orod ja
pazujemeo trenutni pojav ezkopasovne-  Doleditev mejne vrednosti je oledeno
Pajavi AE t& Hltrirumga vlsuhﬂ rekvenitnega si- zaradi nakljufne oblike signala AE in
&oz dol gnala AE. Ugolovljena je tesna pclwi:aun nakljul‘:nlh znatilnosti nastajanja
mejno vrednost l.'lmd velikostjo pojavov AE, ki v dolo- odrezka, ki vzbujajo sistem zaznaval.
tenem tasu rezanja presedejo mejno
vrednost in obrabo ﬂmlma roba.
AEEH mo ozkopasovno I"Iltrlra:n signal Izratunane vrednosti so iz ne AnE
Energija, in merimo njegov koren lutnlpamnla signala AE, ki nosi h'| or-
ki jo ima kvadratne vrednosti (PKV). mm o stanju orodja in %e vedno
signal AE je teinja v smerl vﬂ&nnju povpretne mhu.‘a vse vplive trenutnih pojavoy
vrednosti z naradfajofo obrabo proste signalov. povzrodenih pri udarc
ploskve orodja. odrezka.
Opazujemo tretfi in Getrti centralni Nalr.l utni pojavi (nenapovedljivi od-
moment porazdnlltvem krivul } vnﬁmmve'likm i, kwudlrhju
Vrednosti vzortnega signala AE. Ugotovljena je slstﬂm zaznaval) leivaju na te sta-
vnosti povezava med naradtajotimi vrednostmi  tistine parametre. Tearije. ki bi
n kurtozisa momenta vnosti in obrabo, medtem I»jmmil- korelacijo med temi parametri
ko se vrednost kurtozisa zmanjiuje s n stanjem orodja. de ni.
tasom rezanja.
Doletitey vrha Ozkopasovne liltriran visckolrekventni S to metodo nadziramo parameter, ki
amplitude si AE digitaliziramo v dolofenem se ratuna iz Mprzl.rmn tipa =i
azdelitvene Easovnem obmodju. Meritve vrha AE. Trenutnl pojavi signala ne v l-
rivulje AE amplitudne porazdelitvene krivul vajo na ta parameter stanja
zanesljivo prikazujejo stanje ja.
Parameter stanja orodja se ratuna iz Parameter stanja orodja iﬁn
spekira moéi frekvenénega obmofja od amplitudnih vrednmti signala
Frekventne zaznavala AE. Parameter, ki je dolofen ker izrafunamo le razmerje dolefenih
komponente iz razmerja spektra moti ¥ frekventnem frekvenénih obmodi],

obmotju 100—300 kHz in celotnega
!rPJ:ﬁ:n&mn podrodja, dolofa stanje
orodja.

Table 2: Indirect on-line techniques based on aeronautic emisslon signals [6].

AE amler
related tool Description Notes
condition
Descrete, narrow—band, filtered high Determination of limit value is
fr uency AE signal iz observed. A close mula difftr.ult due to random AE
AE phenomena ationship iz established between AE and randomness of
exceeding a given nul magnitude exceeding the limit 3{: Enrmatlnn exciting the sensor
limit value v ue after a certain cutting time and 2m
cutting edge wear.
A narrow—hand, filtered AE signal is The calculated values are those from
observed and its root of mean square the continuous AE signal com nt
Energy value (MSV) measured. A tendency of the providing information about tool
mean value to nicrease with increazing mndit.lu& and =till containing all the
AE signal is pro effects of discrete signals coused by
chip hitting against the sensor
sysiem.
The third and lourth central moment of the Random phenomena Eun redictable
sample signal distribution curve is hlta of hr fum SENsor
Skewness ohzerved. A dependance between increasing ect sfa'f“tln amelers.
and kurtozis moment of obligueneness and wear is }rstheor}' existo to explain to
values established, while kurtozis value decrases correlation between these parameters
with cutting time. and tool condition.
A narrow—=band, filtered high [requency AE  Using this methed. the ameter
Datatmlmlm of si:lnml is digitalized in I;:iven :fna period g “13 ted from a mﬁ AE
measurements :E Ina type is cont Iscrote
v istribution curve reliably defines the tool  signals db not affect this toal
curve peak eondition. mndltinn parameter.
Tool condition parameter is calculated Tool health parameter is independent
from the puwerp?arpm:trum of the AE of AE simr“ amplitude valuageu
gensor [requency range. The parameter only the ratio between the given
Frequency d.el.wmlm by the ratio of the frequencies iz caleulated.
Com ponent cirum within a frequency

runl'ﬂ of 100300 kHz to the enlire

frequency range defines the tool condition.




40 STROJNISKI VESTNK — JOURNAL OF MECHANICAL ENGINEERING. LJUBLJANA (38) 1992/1-3

Zaznavalo za merjenje AE je izdelano 1z pola-
rizirane keramike PZT. Zaznavalo AE je prileplje-
no s strani na drZalo noZza pod kotom 45 stopinj,
da zajame najvetfjo kollflno dolfinskih nihanj iz
rezalne cone. Med zaznavalom AE In drzalom noza
Jje vstavljena e elektrolzolacl jska plostica, ki pre-
Elmﬁuh vpliv elektriénih tokov In ozemljuje straj.

ektriéno je zaznavalo zaititeno z elektrostatié-
nim zaslonom v oblikl bakrenega pokrova (farade-
jeva kletka), mehansko pa z aluminljevim pokro-
vom, na katerem je tudl konektor BNC.

4. REZULTATI MERITEV REZALNIH SIL
IN AKUSTICNE EMISIJE

Signale Iz zaznavala AE In dinamometra smo
anallzirall In stati®no obdelall. Rezultatl vkljufu-
Jejo spekter mocl. avtokorelacijsko funkcijo in
gostoto porazdelitve signalov.

Spekter motl rezalnih sll se zvetuje z veta-
njem rezalnlh parametrov. Najofitnjege zvedanje
spektra moé&l opazimo prl zvefanju rezalne hi-
trostl (sl. 7). Podobno se zvetuje spekter modl z
vefanjem podajanja In globlne rezanja, vendar v
man j#em obsegu kakor je dovedena energlja v re-
zalno cono. 7 obrabo rezalnega roba se spekter
mocl =il ne spreminja.
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The AE sensor was made of polarized PZT
ceramics. It was stuck to the flank of the tool
holder at an angle of 45° In order to sense the
maximum amount of longltudinal waves coming
from the cutting zone. Between the AE sensor
and the holder an Insulation plate was Inserted,
preventing any Influence from electric currents
and ensuring machine grounding. In addition, the
transducer was protected electrically also by a
copper lid representing the Faraday' s shield, and
mechanically, by an aluminium lid which was also
equipped with a BNC connector.

4. RESULTS OF CUTTING FORCE AND
AE MEASUREMENTS

The signals from the AE sensor and the dy-
namometre were analysed and statistically evalu-
ted. The results Include the slgnal power spec-
trum, autocorrelation functlon, and signal density
distribution.

The power spectrum of the cutting forces
Increases with Increasing cutting parameters. The
Iincrease of the power spectrum Is most pronoun-
ced In the case of Increased cutting speed, (Ng. 7).
Similarly, the power spectrum also increases with
an Increase In feed rate and depth of cut, however
to a smaller extent. With an Increase In wear, the
power spectrum does not change.
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Sl. 7. Spekter modi, gostota porazdelitve in avtokorekeljska funkclja signala rezalne sile.
Fig. 7. Power spectrum. density distribution, and autocorrelation function of main cutting force slgnal.
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Pri spektrih moél rezalne sile se zaradl reso-
nanénih nthanj dinamometra nenehno pojavljata
dva vrhova. Zaradi duZenja celotnega sistema se
druga resonantna nihanja ne pojavijo. Resonanéno
nihanje dinamometra vpliva tudl na zaznavalo AE,
saj tudl tu opazimo vrh v tem frekveninem ob-
modju.

Za dologitev statiéne In dinamiéne kompo-
nente rezalne In podajalne sile smo v merilno ve-
rigo vezall ojatevalnlk nabojev. lzmerjene vred-
nostl rezalne sile v odvisnostl od rezalne hitrostl,
pedajan] In obrabe orodja so prikazane na sliki §.

In the power spectra of the maln cutting force
a reoccurrence of two power peaks (around 4 and
10 kHz) can be observed, being a consequence of the
resonant vibrations which did not occur. The reso-
nant vibrations of the dynamometre. Due to the
damping of the whole system, other resonant vi-
brations of the dynamometre also have an effect on
the AE sensor, the peak of the power spectrum
being observed In the same frequency range. In or-
der to determine the static and dynamlc components
of the cutting and feed force, a charge amplifier
was added to the measuring chaln. The measured
values of the cutting force versus cutting speed,
feed rates and tool wear are presented in Flg 8.
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Sl. §. Statiéna in dinamiéna kemponenta rezalne sile.
Fig. 8. Static and dvnamical cutting force.

Ce je bilo prizakovatl zmanjsevanje In zve-
¢anje tako statidne kakor dinamiéne komponente
rezalne sile v odvisnosti od rezalne hitrosti in po-

ja, pa je zanimive njuno zmanjievnje z vell-
kostjo obrabe rezalnega roba. Podobno velja za po-
dajalno silo. Iz rezultatov lahko ugotovimo, da se
Z vetanjem obrabe rezalnega roba zveCuje stopnja
plastifikacije v rezalnl conl In s tem dugenje v
dinami¢nem sistemu rezaln! rob — obdelovanl ma-
terial [11), kar se kaZe na rezultatih meritev
dinamiénih rezalnih sil.

If decreases and Increases In the statlc as
well as dynamic components of the cutting force
in dependence on the cutting speed and feed rate
were to be expected, It Iz Interesting to note thelr
decrease with Increasing cutting edge wear. The
same can be established for the feed force. From
the results It can be found that with Increasing
cutting edge wear, the rate of plastification In the
cuting zone alse Increases, and thus also the
damping of the dynamic system, |.e. cutting edge/
workplece materlal [11]. This Is reflected In the
results of the measurement of the dynamic
cutting forces.
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Iz krivulje gostote porazdelitve rezalne in po-
dajalne slle vidimo, da Ima rezalna slla vedjl raz-
tros signala okoll srednje vrednosti kakoer podajal-
na sila. Z vetanjem obrabe se raztros oziroma di-
namika signala rezalne sile spreminja. Krivulja
postote porazdelitve sile se zofuje, ker se zmanj-
Buje raztros signala sile okoll srednje vrednostl.

Avtokorelacijska funkcija dinamiénih sil pa
ima stalno multiplikativno oblike vstopnega slgna-
la in tudi vedno preniha éasovno os. Vzrok je ver-
Jetno v tem, da dinamometer sledl nizjim frekven=-
cam, visje pa dusl.

Spekter mo¢l signala AE se v splonem zve-
tuje z vetanjem rezalnlh parametrov. V obmocju
med 20100 kHz se najbol] zveda prl veé]l rezalnl
hitrostl. Izrazitih frekvenénih vrhov v tem frek-
venénem obmoéju ne opazimo.

V frekventnem obmodju 01024 kHz lahko
opazujemo vpliv rezalnih parametrov a, ve In f na
vzbujanje AE. Vpliv obrabe orodja VB na vzbujanje
AE je v tem frekvengnem obmoéju zelo majhen.

Zato gmo AE merill v obmoéju 50-500 kHz.
Visjega frekventnega obmocja nismo opazovall
zaradl dufenja celotnega sistema In zaradl ugoto-
vitev, da se vedina zanimivih slgnalov AE vzbu-
Ja v tem frekvenénem obmoé&ju. Okolica In delo-
vanje stroja ne vplivata na vzbujanje AE, razen
v obmofju lastne frekvence zaznavala AE pri
200 kHz. Spekter motl signalov AE se, podobno
kakor prl prvem delu meritev, vela s poveleva-
njem rezalnih parametrov (sl. 9],

Rezultati, dobljeni v odvisnostli od obrabe
orodja 1z keramlke, se razlikujejo od rezultatov,
dobljenih prl struZenju jekla = karbldno trdine.

Vzrokov zmanjsevanja mo¢l signala z obrabo Je vet.

Poglavitnl vzrok Je verjetno ta, da Je prl najvec]l
obrabl odtekanje odrezkov moteno, povrsina obde-
lovanca je zelo hrapava, povefa pa se tudl tempe-
ratura v rezalnl conl. Rezalnl rob noZa tu vef ne
reze materiala, temve¢ ga tlaci In plasticno pre-
oblikuje v obmoéju rezalnega roba in konice noZa.

Rezanje je praktitno lomljenje in plastificira-
nje materiala po In prek kristalnlh zrn. AE =e
motneje vzbuja pri novem orodju. Kler je delez
lomljenja cbdelovanega materlala vedji. Prl obra-
bljenem orodju se poveda delet plastiéne deforma-
clje ¥ rezalnl conl. Zato je tudl vzbujanje signalov
AE v tem primeru manj$e In je to poglavitnl
vzrok, da se spekter moé¢l slgnalov AE zmanjsa
pri zvetanju obrabe proste ploskve.

Drugl vzrok je verjetno kombinacija orodja
In obdelovanega materlala. Rezalna keramika Ima
veliko trdoto in drugatno strukturo, zaradi Cesar
se tudl obraba keramiénih orodij razlikuje od obra-
be karbldnih trdin. Proces rezanja prl rezalnl ke-
ramikl obi¢ajno poteka pri ostrejsih rezalnlh pa-
rametrih kakor pri karbidni trdini. To poveéa
vzbujanje AE v rezalnl conl zaradi loma obdelova-
nega materiala, zato je verjetno deleX AE, ki se
vzbuja zaradl obrabe orodja, manjsi all se celo
porazdell. Prl rezalnl keramikl je nastajanje mi-
krorazpok rezalnem robu manj Intenzivno kakor
pri karbldnih trdinah. Zato Je tudi Koliéina vebuje-
nih signalov AE manjsa.

From the density distributlon curve of the
main cutting force and the feed force we can see
that in the case of the maln cutting force, the
signal scattering around the mean value Is greater
than that of the feed force. With an Increase In
wear, the scattering or the dynamic component of
the main cutting force does not change. The densi-
ty distribution of the feed force narrows, because-
the force scattering around the mean value is smal-
ler. The autocorrelation functlon of the dynamic
forces has a constant multiplicative shape of the
Input signal and always osclllates over the tlme
axls. A poszsible reason for this Is that the dynamo-
metre follows lower frequencies and dampens hig-
her ones. Normally the power spectrum of the AE
slgnal Increases with Increasing cutting paramet-
res. Within a range of 20—100 kHz this Increase ls
greatest at a higher cutting speed. In this frequency
range no distinct peaks can be observed. In a fre-
quency range 0—102.4 hKz we can follow the Influ-
ence of cutting parameters a, v, and f on the AE
generation. In this frequency range the Influence
of tool wear VB on AE generation Is very small.

It was therefore decided to measure AE In a
fequency range of 50500 kHz. Higher frequencies
were not Investigated because of damping of the
entire system, and since it was found that most
AE slgnals are generated In this frequency range.
The environment and the operation of the machine
do not exert any Influence on AE peneratlon except
wlithin the range of the natural frequency of the
AE sensor at 200 kHz. Similarly as In the first
part of measurements, the AE slgnal power
spectrum Increases with Increased cutting para-
meters (fig. 9).

The results of the AE power spectra In de-
pendence on tool wear are contrary to those ob-
tained In turning steel with a cemented carblde
tool. There are probably several reasons for the
decrease In the AE signal power spectrum. The
maln reasons are that the flow of the chip ls dis-
turbed, the workplece surfac Is very rough, and
the temperature in the cutting zone 18 Increased.
The cutting edge did not cut the material further
but compressed It so that the materlal experlenced
plastle deformtlon on the edge and on the tip.

Cutting 15 In essence bresking and plastifica-
tlon of materlal along and across Its crystal
grains. AE Is more pronounced when a new tool
is used, because this Involves a greater amount
of breaking. When the tool getz worn away, the
amount of plastic deformation In the cutting zone
prevails and the AE generation smaller. This Is
the maln reason that, with flank wear Increase,
the AE signal power spectra decrease.

A second reason ls probably the tool/workpie-
ce combination. Cutting ceramics has a very high
hardness and strength and a different structure,
which makes the wear of ceramic tools different
from that of carbide tools. Using cutting ceramlcs
the process goes on at harsher cutting conditions
than this Is the case with cemented carbide tools.
This increases AE generation in the cutting zone
caused by workplece materlal fracture, making the
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S1. 9. Spekter modi signala AE.
Fig. 9. Power spectrum of AE signal,

Obdelovani material NL 60 uspesno obdelujemo
prl vesjlh rezalnth hitrostih le z rezalno keramiko.
Odrezkl prl preizkusu so bill v glavnem drobne
Iglicaste oblike, razen prl najvedjl obrabi, kjer je
bil odrezek motno plastificiran In je bllo njegovo
odtekanje moteno. Odrezkl pri jeklih, ki imajo bolj
#llavo strukturo, so obltajno drugatnl In manj
vplivajo na vzbujanje AE v rezalni conl. Sklepamo,
da se veélna AE vzbuja v obmoéju striZne ravnine,
stika odrezka = cepilno pleskvijo in v obmoéju lo-
mov rezalnega roba.

5. SKLEPNE UGOTOVITVE
Merjenje AE pri postopkih odrezovanja je obe-

tavna metoda za nadzor rezalnega procesa, vendar
obhstaja mnogo neraziskanih podrofij In vplivev na
AE, ki jih je treba z nadaljnjiml raziskavaml ge
pojasniti.

V prispevku smo analizirall pojav akusti¢ne
emisije pri struzenju NL 60 z rezalno keramiko.
Hkratl smo spremljall dinamiko rezalnih sil, ki
Je namenjena predvsem za primerjavo. Merilna
oprema, ki smo jo uporabill, Je bila primerna za
opazovanje spektra moé¢l, gostote porazdelitve In

amount of AE caused by tool wear smaller or even
negligible. It ls also possible that when using
cutting ceramics, the formation of microcracks on
the cutting edge Is less intensive than when using
cemented carbides also resulting In a smaller
amount of AE slgnals.

An NL 680 workplece i1s extremely hard and
can be successfully machined at higher speeds only
with cutting ceramilcs. The chips formed In the
tests were malnly very thin and needle-shaped
except at a wear VB = 0.65 mm where the chip
was strongly plastified, and its removal was hin-
dered. Chips from steels, having a tougher struc-
ture, are usually different and have less effect on
AE generation In the cutting zone. In our oplnlon
most of the AE was generated In the primary and
secondary zone, by chip breaking.

5. CONCLUSIONS

AE measurement during cutting Is a promi-
sing method for monltoring the cutting process
although there are a number of vet unclesr influ-
ences which require further Investigations. The
paper analyses the AE phenomenon In turning
NL 60 with cutting ceramics. A parallel Investi-
gtlon was carrled out studying the dynamics of
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avtokorelacl jske funkeije signalov, Merill smo sa-
mo enkrat pri razliénih rezalnih parametrih, tako
da gmo neodvisno opazovall vplive podajanja, rezal-
ne hitrosti, globine rezanja In obrabe proste ploskve.

Zaradl majhnih odstopkov rezultatov meritev
lahko sklepamo, da rezalna keramika enake kako-
vostl razli¢énih lzdelovalcev ne wpliva bistveno na
vzbujanje AE. AE je najbolj odvisna od rezalne hi-
trostl In podajanja In 3ele nato od globine rezanja.

Glede na rezultate In opatanja med potekom
prelzkusov sklepamo, da se Je veflna signalov AE
vzbujala v podroéju strizne ravnine in v stlku od-
rezka = cepllno ploskvijo. Odrezkl so bill drobne
iglitaste oblike, kar pomenl vellko mikrolomov In
razpok obdelovanega materiala pri rezanju z novim
orodjermn. To Je tudl vzrok za zvedanje spektra mo-
¢l slgnala AE pri povetanju rezalnih parametraov,

Vpliv obrabe orodja na AE opazimo 3ele pri
vigjih frekvencah v obmo&ju 100—300 kHz. Z obra-
bo rezalnega roba se spekter moéi signala AE
manjia, kar je v nasprotju z rezultatl, dobljenimi
pri strufenju jekel. Prl zelo vellkl obrabl proste
ploskve smo opazlll, da rezalnl rob noZa ne reZe
materiala, temvet ga plastificira. Povecajo se
temperatura rezanja, hrapavest In komponente
odrezovalne slle. Plasti¢na deformacija materiala
pa ne pospeluje zbujanja AE. S tem lahko razloil-
mo zmanjsevanje spektra moel signalov AE pri
vetanju obrabe. V nadaljnjih raziskavah bomo za-
Jell tudl oZja frekvenina obmeoéja, v katerlh se
spreminja spekter moél v odvisnostl od obrabe.
Med prelzkusl nismo opazill loma orodja In dis-
kretnega signala AE.

Z nadal jnjimi raziskavaml bomo poskusall ugo-
toviti frekvenéno obmotje, kjer je spekter modél
slgnala AE povezan z obrabe orodja. V' povezavl z
drugimi raziskovalci podobne problematike zelimo -
povezatl signale zaznaval v ustrezen adaptivni
model [12].
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the cutting forces mostly for reasons of compa-
rison. The measuring setup used In the tests ena-
bles recordings of the power spectrum, density
distribution and the autocorrelation function of the
AE signals. The measurements were carried out
only once at different cutting parameters so that
we could Independently follow the influence of the
feed rate. cutting speed, depth of cut and flank
wear could be followed Independently. A small
deviation In the measurements results whenusing
cutting ceramics of the same quality but produced
by different manufacturers, show that this va-
rlety does not have much effect on AE generation.
AE Is the most strongly dependent on the cutting
speed, feed rate and depth of cut.

From the results and observations during the
tests we can conclude that most AE signals were
generated In the primary and secondary deformation
zones where the chip was formed. The chips were
thin, needle-shaped, which implies that there were
a lot of microfractures and cracks in the workple-
ce material machined with a new tool. This Is also
the reason for the Increase In the AE gignal power
spectrum with Increasing cutting parameters.

The Influence of wear on AE can be observed
only at higher frequencles In a range of 100~
=300 kHz. With Increasing wear, the AE signal
power spectrum decreases, which Is contrary to
the results obtained In turning steels. At a very
high flank wear It was noted that the cutting edge
did not cut the material but plastified It, while
the temperature, roughness and cutting forces
increased. The plastic deformation of the material,
however, did not Intensify the generation of AE.
This explains the decrease In the AE signal power
spectrum at Increased wear. Our future research
will Include also narrow frequency ranges In
which the power spectrum changes with wear.
During the tests, no fracture of the tool and no
discrete AE signals were noted.

In further research we will fry to find a
frequency range in which the power spectrum Is
related to wear. In cooperatlon with other re-
searchers dealing with the same problems, our
future endeavours will also be to use the Infor-
matlon from sensor signals to develop one ade-

quate adaptive model [12].
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