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Abstract. The purpose of the paper is to present aRezumat. Scopul lucirii este acela de a prezenta o
modality of prognosis of the cutting process andhmgs  modalitate de prognéza procesului desahiere, darsi
of diagnosis of the break of the cutting tool edge. metode de diagnéz ruperii fisului sculei achietoare.
The prognosis of the cutting process was done using  Prognoza procesului de schiere s-a realizat
the cutting thermocurrent, and the diagnosis of theutilizidnd termocurentul desehiere, iar diagnoza uzurii
catastrophic wear was done using both the measofithg ~ catastrofale aitsului aschietor s-a efectuat utilizand atat
cutting thermocurrent and the measuring of theatitons.  masurarea termocurentul dechiere, catsi miasurarea
In the case of the diagnosis of the catastropharwevas  vibratiilor. in cazul diagnozei uzurii catastrofale seda

done the comparison between the two methods. compardga intre cele doumetode utilizate.
Keywords. prognosis, diagnosis, cutting, electric Cuvinte cheie: prognoz, diagno, aschiere,

thermocurrent, turning, wear termocurent electric, strunjireii¢ aschietor
1. Introduction 1. Introducere

The study of the prognosis of the cutting process  Studiul prognozei procesului dgcaiere (PA)
(CP) is still at beginning because it was not distadd ~ este né la inceput deoarece nu s-a gieypan in
until present an industrial method of diagnosishef  prezent stabilirea unei modalit industriale de
cutting process (DCP). Based on the diagnosisnit cadiagnoz a procesului desahiere (DPA). Pe baza
be made a prognosis of the cutting process artdsin t diagnozei se poate prognoza procesul sghiaresi
direction had appeared already scientifically pgperin aceast direaie au agrut deja luciri stiintifice,
but they are few and they are about the progndsis @lar sunt in& puine si indreptate mai ales spre
the cutting tool state. It is still searched arustdal ~ prognoza girii sculei achietoare. In& se mai cadt
method of diagnosis of the breaking of the cuttingo metod industriaii de diagnoz a ruperii #isului
edge in order to stop the cutting process and taschietor, in scopul opririi procesului dechieresi
eliminate the negative consequences. eliminarii consecinelor negative.

Conforming [1] by the prognosis of the cutting Conform [1] prin prognoza procesului de
process (PCP) it can be understood the estimation @schiere (PPA) se poatetétege estimarea evaiei
the evolution in time of the system “cutting in timp a sistemului “proces dechiere” (evoltia
process” (the evolution of entries, exits and theintrarilor, iesirilor si a des#suririi procesului de
development of the cutting process). aschiere).

The model of the prognosis of the cutting Modelul prognozei procesului dechiere este
process is shown in Figure 1 [1] were they arearitat in figura 1 [1] unde sunt evidgte
shown the elements that deserve to be forecasted. elementele ce meiifa fi prognozate.

1.1. The prognosis of development of the 1.1. Prognoza desfurarii procesului de
cutting process is important because it can beschiere prezirit interes deoarece se poateind
answered to the question “After how long therispuns la intrebarea, “Peste céat timp procesul de
cutting process won't be optimal anymore or theaschiere nu se va mai désfira optim sau scula
cutting tool reaches the admissible wear?”. Afteraschietoare a ajuns la uzura admigiBil Dup
this prognosed time there are two possibilities: scurgerea timpului prognozat sunt dgosibilitati:

a) to modify the cutting parameters to bring it toa) modificare regimului de sahiere pentru a-l
optimal parameters; readuce n parametrii optimi;

b) to stop the development of the cutting proces®) oprirea deskuririi procesului de gchiere si
and to change the cutting tool. Tnlocuirea sculeighietoare.

1.2. The prognosis of the wear and the breaking 1.2. Prognoza uzurii si ruperii sculei
of the cutting tool it is by far the most important aschietoare este de departe cea mai impartant
because it represents the essential element thdeoarece reprezintelementul eseial ce face ca
makes the system “cutting process” to besistemul “proces desehiere” 4 fie degenerativ.
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degenerative. The wear of the cutting tool is theUzura sculei gchietoare este cauza principate
main cause that determinates the evolution of theletermida evoluia celorlalte igiri din sistemul
other exits from the system “CP”. Also the “PA”. Totoda& prognoza evoltiei uzurii sculei
prognosis of the evolution of the cutting tool wearaschietoare Tmpiedic aparfia uzurii catastrofale n
prevents the apparition of the catastrophic weatimpul preluctrii, determinand schimbarea la timp
during processing determining the changing on timea sculeki evitarea rebuturilor.

of the tool and the avoiding of the scrap. 1.3. Prognoza evoliei vibraiilor este

1.3. The prognosis of the evolution of important pentru a se evita intrarea in zona de
vibrations is important to avoid the entering i th instabilitate a sistemului tehnologig inrautitirea
instability zone of the technological system anddesfisurarii procesului de gchiere cu consedie
worsen the development of the cutting process witlasupra caliitii suprafeei.

consequences on the quality of surfaces. 1.4. Prognoza caliti suprafeei prezin

1.4. The prognosis of the quality of the surfaceimportana mai ales in cazul prelustlor de finisare
is important mostly in case of finishing processingdeoarece se poate anticipa cand sugafeelucrat
because it can be anticipated when the processea iesi din campul de toleraf, cand abaterile de
surface will pass the tolerance field, when theforma si pozitie nu se vor mai incadra in cele
deviations of shape and position will not be insideprescrisai deci cand este nevoie de caiec

the given ones, so corrections are necessary. 1.5. Prognoza evoliei lichidului de fcire-

1.5. The prognosis of the evolution of the ungere are importaiin vederea schinabi la timp
cutting liquid is important for changing on timeibf a acestuia, décs-a degradaii dac are prea multe
if it is degraded and it has impurities that weod n impurititi ce nu au fost eliminate prin sistemul de
evacuated by the cleaning system. curatire.

PROGNOSLS “CP”

Prognosis of evolation of eniries and exits from the system
‘ FPrognosis of development of “CP* ‘ S

1 - 1

hJ

Prognosis of the wear Prognosis of Prognosis of quality of Prognosis of the
anil of the breaking vibrations evolution surface gtate of the chips
of the cntting tool
- rugosity, B, - dimenzions;
- devialions: dimensional; shape; type:
shape; position colour
- colour,

Prognosis of the evolation of the
cutting liquid

- impurities; degradation.

Figure 1. Prognosis of the cutting process model
Figura 1. Modelul prognozei procesului delsiere
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1.6. The prognosis of the chips is necessary to 1.6. Prognozasahiilor este necesarpentru a
take measures on time for a good removal of thenlua nmasurile ce se cuvin in timp pentru o Bun
from the cutting zone and for a good functioning ofindepirtare a lor din zona deehieresi pentru buna
the chips evacuation system. functionare a sistemului de evacuare a acestora.

The prognosis of the cutting process can be Prognoza procesului dechiere se poate face
done “on line” or “off line”. “on line” sau “off line”.

The “on line” prognosis is preceded by the Prognoza “on line", este precedlatde
monitoring and diagnosis using evolution functionsmonitorizaresi diagnoz utilizand fungii de evoluie
deterministic or probabilistic. It can be used Ih a deterministe sau probabilistice. Ea poate fi @iz
types of processing systems (flexible systemsjn toate tipurile de sisteme de prelucrare (sisteme
adaptive systems, classical systems). flexibile, sisteme adaptive, sisteme clasice).

The “off line” prognosis can give information Prognoza “off line” poate furniza inforrtia tot
based also on evolution functions, at the beginningpe baza fundlor de evoldie, la inceputul fiegrei
of each process, if this can be developed in normgbreluctiri, dac aceasta se poate dasira in
conditions or not. condtii normale sau nu.

The prognosis of a characteristic parameter of Prognoza unui parametru caracteristic al
the cutting process it can be done directly orprocesului de ghiere se poate face in mod direct
indirectly. The indirect prognosis can be done Hase sau indirect. Prognoza in mod indirect se poate fac
on the prognosis of another parameter when thee baza prognozei unui alt parametru atunci cand se
relation between the two parameters it is known occunoate relaia de legtura dintre cei doi parametri
based on the prognosis of more parameters whesau chiar pe baza prognozei mai multor parametri,
the relations with them it is known. cunoscandu-se, evident, rgla de ledituri cu

A complete prognosis of the cutting processacstia.
can be done establishing the characteristic O prognoZ compled a procesului desahiere
parameters of the cutting process, determiningeat t se poate face stabilindu-se parametrii caracteiristi
same time their evolution functions and observingprocesului de schiere, determindndu-se simultan
the evolution in time of their relations. The funciile lor de evoldie si observandu-se evaia in
determinate functions are valid for some values otimp a legturilor dintre ele. Fundle determinate
the entering parameters in the system CP andunt valabile pentru anumite valori ale paramatrilo
because of that, mostly in the case of adaptivale intrare Tn sistemul PAi de aceea, mai ales n
systems, it must be seen the modifications that canazul sistemelor adaptive, trebuie deazuwt
appear once with the modification of the values ofmodificirile ce pot avea loc odattu modificarea
the entering parameters, values that can be mddifievalorilor parametrilor de intrare, valori ce se pot
“on-line”. modifica “on-line”.

Even though the research in the domain of the  Chiar dad cercefrile in domeniul prognozei
prognosis of the cutting process needs manyrocesului deghiere necesitmulte experimeriti,
experiments, they lead to the prevention of theaplicate fiind, conduc la prevenirea ruperii sculei
cutting tool breaking, to avoiding the scrap and toaschietoare, la evitarea rebuturilgrla desfisurarea

an optimal development of the cutting process. procesului de gchiere Tn mod optim.
2. Thediagnosis of breaking of the cutting 2. Diagnoza ruperii taisului sculei
tool edge aschietoare

The research in the domain of the diagnosis of  Cerceirile in domeniul diagnozei procesului de
the cutting process are directed especially foraschiere sunt indreptate in special pentru diagnoza
diagnosing the state of the cutting tool, the mosstirii sculei gchietoare predominand, ca metatke
used method being the analyse of the vibrations. diagnoz, analiza vibrdilor.

Despite large number of experimental Numeroasele cercet experimentale efectuate
researches and emerge of higher capabilitieglar si realizarea de aparatumperformard, nu a
equipment didn’t lead to satisfying results becauseondus la rezultate mulmitoare deoarece viliiide
the vibrations are specific to each machine todl ansunt specifice fierei maini-unelte n partesi
to each cutting procedure. fiecarui procedeu de prelucrare.

The analysis of the vibrations presents a big  Analiza vibraiilor prezinéd un mare avantaj
advantage than other procedures of monitoring anéhta de alte procedee de monitorizarediagnoz a
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diagnosis of the wear of the cutting tool, theuzurii sculei achietoaresi anume, acelaacmodul
advantage is that the way of collecting thede culegere a vibtiglor este foarte simplgi usor de
vibrations is easy and easy to apply to each type aaplicat la orice tip de myma-unealt, pentru orice
machine tool and for each type of cutting toohds tip de scul aschietoare. Are irs si un mare
also a big disadvantage because it needs expensidezavantaj: necesiaparatut sofisticasi si Scumgi.
and sophisticated equipment. Experimenirile prezentate in lucrare au drept

The experiments presented in paper have thecop & compare doumetode de punere in evid&n
purpose to compare two methods that highlights th@ momentului apatiei uzurii catastrofale (ruperea
moment of apparition of the catastrophic wear (theaisului) la strunjirea de degsare a ¢elului OLC
breaking of the edge) at roughing turning of OLG45, cu picute din carburi metalice SPMR 150612-
45 steel, with metallic carbide plates SPMRP30 fixate mecanigi anume, misurarea vibrgilor
150612-P30 mechanically fixed, the measuring ofsi masurarea termocurentului.

the vibrations and of the thermocurrent. Aparatura folosk a fost urnitoarea:
The used equipment was: - instalaie pentru culegerea termocurentului la
- installation for collecting the thermocurrent at strunjire (figura 2);
turning (Figure 2); - multimetru numeric M 890 C+;
- numerical multimeter M890 C+; - microscop de atelier; plade conexiuni;
- microscope; connexions plate; - interfaa de achizie de date tip IM 3208 A,
- PC data interface type IM3208 A; - calculator;
- vibrations transducer (accelerometer) type KD 35 traductor de vibné (accelerometru) tip KD 35
RFT; RFT;
- system for amplification and primary processing- sistem de amplificargi prelucrare primar a
of vibrations type 11003 RFT. vibratiilor tip 11003 RFT.

.\ SO/ _ _ _
Figure 2. Installation for measuring the electrit@rmocurrent at turning

Figura 2. Instalge pentru nisurarea termocurentului electric la strunjire

The interface for date procurement type IM Interfaa de achizie de date tip IM 3208A are
3208A has a convertor A/D on 12 bites that worksun convertor AD pe 12 hii care lucreaz cu un timp
with a conversion time of 1fs. The resolution is de conversie de 1fis. Rezoltia este de 1/4096 pe
1/4096 on scale -5V/+5V, so,R 10/4096 = 0.00244 scara —5V/+5V, deci R= 10/4096 = 0,00244 V.
V. In a second there are collected 320 dates asd thintr-o secund se culeg 320 de date ceea ce
means that for collecting a data are necessary 3.1iBseami ci pentru achizia unei date sunt necesare
milliseconds. Results that the interface is goad fo 3,13 milisecunde. Rezdlci interfaa este potrivit
the purpose. scopului propus.

There were collected at the same time, on two  S-au cules simultan, date pe doganale,
channels, for thermocurrent and vibrations (thepentru termocureni vibratii (accelerga vibraiei).
acceleration of the vibration). Prelucrarea rezultatelor s-actit cu ajutorul

The processing of the results was done usingalculatorului. Metoda de prelucrare adopiatfost
the PC. The processing method used was the averageedia valorilor tensiunii termocurentului pe un
of the values of thermocurrent tension on an idlerv interval de o securd iar pentru vibrai a fost
of one second and for vibrations was the average ahedia accelextalor pe un interval de o secuid
accelerations on an interval of one second. Desigur, pentru vibta sunt si alte metode,

Of course, for vibrations there are also otherprezentate pe larg in ldgile [2] si [3], dar pentru
methods presented in papers [2] and [3], but fer th scopul propus, datoditsimplititii, a fost adoptdit
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wanted purpose, because of the simplicity, wasnetoda indicétanterior.
chosen this method.

The vibrations transducer was placed on the  Traductorul pentru vibta a fost amplasat pe
cutting tool, in the lower zone (that is why the cuit, in partea de jos (din aceastauz accelerga

acceleration of vibration has the (-) sign). vibratiei are semnul (-)).
The processing of results was done by Prelucrarea rezultatelor s-a materializat prin
obtaining the charts presented in Figure 3. obtinerea de grafice prezentate in figura 3

It can be seen the fact that both methods can Se poate constata faptuk @ambele metode
easily sense the moment of apparition of thesesizeax cu wurinta momentul apatiei uzurii
catastrophic wear but the thermocurrent presents eatastrofale, dar termocurentul preZint o
more clearly and faster evidence with approximatesvideniere mai clak si mai rapidi cu aproximativ o
one second than the vibrations. The explanation o$ecund fata de vibraii. Explicatia acestui fapt ar fi
this fact is that in metals the electrical currentca in metale curentul electric cir@umult mai rapid
circulates faster that the vibrations and thein comparde cu vibraiile si totodat masurareasi
measuring and recording the thermocurrent idnregistrarea termocurentului este mult mai simpl
simpler than the measuring and the analysis otomparativ cu fsuraregi analiza vibrdilor.
vibrations.
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Figure 3. The diagnosis of catastrophic wear ofedigh vibrations and thermocurrent
Figura 3. Diagnoza uzurii catastrofaleéagului cu vibrgii si termocurent

3. Practical approach about the prognosis of 3. Abordare practica privind prognoza
the cutting process of OL C45 steel procesului de aschierelastrunjirea
turning otelului OLC45
The relations that are necessary for prognosis Relgiile care sunt necesare pentru prognoza
of the cutting process of OLC45 steel with metallic procesului de ghiere la strunjireatelului OLC45
carbides SPMR 150612-P30 mechanically fixed,cu pkcute din carburi metalice SPMR 150612 - P30
based on the cutting thermocurrent [4], are showrixate mecanic, pe baza termocurentului giehaere

down: [4], sunt aftate mai jos.
1= (U() - U) Llea/ AUo4  [min] 1)
where, unde
U(t) [mV] - tension of thermocurrent at timg*  U(t) [mV] - tensiunea termocurentului la timpuf““
from the beginning of cutting; de la incepereasehierii;
U; [mV] - the initial tension of thermocurrent. U; [mV] - tensiunea iniala a termocurentului.
AU, = 35.58383T% "7 [mV] 2)
where, unde
v [m/min] - cutting speed; v [m/min] - viteza de gchiere;
AUy, [mV] - increasing of the tension of AUy, [mV] - cresterea tensiunii termocurentului

thermocurrent when the wear of the cutting edge cand uzuraaisului aschietor este VB= 0,4 mm.
is VBg = 0.4 mm.
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T = 8.16910°W >4\ [min] ©)
where v [m/min] - cutting speed; s [mm/rot] - caggi  unde v [m/min] - viteza desehiere; s [mm/rot] -
feed; t [mm] - cutting depth. avansul deghiere; t [mm] - adancimea dechiere.

The prognosis of cutting process at turning Prognoza procesului deschiere la strunjirea

OLCA45 steel has two aspects: otelului OLC 45 are dauaspecte:

a) during the cutting process (on-line) or outside a) in timpul procesului desehiere (on-line) sau n
(off-line) it will prognose “After how long the afara lui (off-line) se va prognoza “Peste céat timp
cutting parameters are not optimal anymore?”. regimul de gchiere nu mai este cel optim?”.

b) “on-line” or “off-line” will prognose “After how b) “on-line” sau “off-line” se va prognoza “Pesi&t c
long the wear of the cutting tool will be the timp uzura sculeighietoare va fi cea admisibil

admissible one (VB adm = 0.4mm) and the (VBg adm = 0,4mm)si aschierea trebuie
cutting must be stopped for changing the cutting Tntrerup& pentru inlocuireaatsului aschietor?”.
edge?”. Primul aspect a fost rezolvat de autgr
The first aspect was solved by the author andgrezentat in lucrarea [1].
presented in paper [1]. Al doilea aspect al prognozei implic
The second aspect of prognosis implies theparcurgerea etapelor ce sunt prezentate in figura 4
steps that are presented in Figure 4. Pentru abordarea problemei este nevoie de

The value of initial tension of the thermocurrent, valoarea tensiunii ifinle a termocurentului, U

U [mV] at T = 0O, is necessary to approach the[mV], lat = 0. Daé@ nu se cunage valoarea iniala
problem. If it is not known the initial value ofdh a termo-curentului aceasta va putea fi caléutat
thermocurrent, it can be calculated with the refati  relaia

U(v,s,t) = 3.56 T3> [ *%" [mV] (4)
but the results will be less precise dar rezukavelr fi mai ptin precise.

It ismonitored the tension of the ther mocurrent “U [mV]”
Example: Y= 13.2 mV; U = 13.75 mV
v =71.031 m/mins= 0.416 mm/rotf = 3 mm;d = 28 mm

The calculation of life with relation (3) and the calculation of the interval of the tension when the cutting edge
will reach at VBg = 0.4 mm with relation (2)
Example: T = 8.254 mijUy 4 = 0.609 mV

The prognosis of theremained time until the apparition of a wear of VBg 5qm = 0.4 mm with relation: T, =T,y - T
Example:t, = 8.254 — (13.75 — 13.2B.254/0.609 = 0.8 min

The deter mination of length that can be cut until VBg agm = 0.4 mm with relation: I, = n [k [,
Example: | = 10000171.031[0.416[D.8/(28) = 268.734 mm

Figure 4. Steps for prognosis of the cutting preces
Figura 4. Etape pentru prognoza procesuluisgbiare

4. Conclusions 4. Concluzii
4.1. Conclusions about the diagnosis of the 4.1. Concluzii privind diagnoza ruperii taisului
breaking of the cutting tool edge sculei aschietoare

Based on the experimental dates obtained and Pe baza datelor experimentale tiobte si
presented in chart in Figure 3 it can be seen thatrezentate grafic in figura 3 se constet ambele
both methods sense easily the moment of apparitiometode sesizedzcu wurinta momentul apatiei
of the catastrophic wear but the thermocurrentuzurii catastrofale dar termocurentul preZind
presents a clearly and faster evidence withevideniere mai clak si mai rapidi cu aproximativ o
approximate one second that the vibrations. Thisecund fata de vibraii. Acest lucru se explicprin
fact is explained by the speed of propagation ofviteza de propagare a undelor in metal care este cu
waves in metal that is lower than the speed ofmult mai mi& decat viteza de propagare a
propagation of electrical current through the samecurentului electric prin acelametal.
metal. Tindnd seama de avantajele folosirii
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Knowing the advantages using the termocurentului la diagnoza asi sculei
thermocurrent at the diagnosis of the state of theschietoare, prezentate pe larg n lucrarea [1]sdar
cutting tool, presented in details in paper [1]f bu de limitele folosirii acestuia, rezaltci pentru
also the limits of using it, results that for resbait cerceiiri ar fi deosebit de util&sse combine cele
is very useful to combine the two methods, like thedoua metode si anume, termocurentukigie folosit
thermocurrent to be used for calibration ofpentru etalonareasi calibrarea instatélor de

diagnosis installation based on vibrations. diagnoz pe baz de vibraii.

4.2. Conclusions about the practical approach of 4.2. Concluzii privind abordarea practica a
the prognosis of the cutting process at OL C45 prognozei procesului de aschierela strunjirea
steel turning otelului OL C45

The prognosis of the cutting process gives the  Prognoza procesului de schiere ofef
possibility to take anticipated decisions about theposibilitatea de a lua anticipat decizii cu priviee
development of the process. In this way, in Figure deshsurarea preludirii. Astfel, in figura 4 se arat
it is shown that cutting 268.734 mm itis reache®l t ca aschiind 268,734 mm se ajunge la uzura
admissible wear of the cutting edge and it must bedmisibik a &isului aschietor si acesta va trebui
changed. To turn a piece that has a length of morschimbat. Pentru a strunji o piese are lungimea
than 268.734 mm, it is not expected to end themai mare de 268,734 mm, atunci este depdat &
processing and therefore it requires a specificu se termine prelucrarggein conseciti se impune
strategy (for example, the cutting edge will beo strategie specific (ex. fisul aschietor va fi
changed at the penultimate or last finishing passschimbat la penultima sau ultima trecere de figisar
etc.). etc.).
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