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A. Obiective, activitati si rezultate planificate

Ob. 1. Conceperea unei metode de reconfigurare rapida a sistemului de comanda numerica al
masinii

Activitati:

1.1. Dezvoltarea unei metode de reconfigurare rapida a sistemelor de control numeric. Conceperea unui
limbaj de nivel inalt pentru elaborarea programului masina.

1.2 Analiza metodei si simularea aplicarii acesteia. Realizarea unui interpretor pe baza metodei
dezvoltate siaplicarea acestuia la masina prototip.

Rezultate:
1. Metoda de reconfigurare rapida a sistemelor de control numerice. 2. Interpretor pentru sistem de
comanda numerica

Ob. 2. Dezvoltarea unui sistem de programare a masinii bazat pe taskuri

Activitati:

2.1. Conceperea unui algoritm de conversie a taskurilor in instructiuni pentru masina tehnologica.
Dezvoltarea unui nou limbaj de nivel inalt bazat pe taskuri.

2.2 Analiza metodei prin simularea aplicarii acesteia in cazul taskurilor specifice proceselor de strunjire.
Implementarea noului algoritm si a limbajului in arhitectura interpretorului masinii prototip.

Rezultate:
1. Algoritm de conversie a taskurilor. 2. Limbaj de nivel inalt bazat pe taskuri.
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Ob. 3. Conceperea unei tehnici de prognoza si compensare online a erorilor de prelucrare

Activitati:

3.1. Elaborarea unei metode de modelare online a relatiei dintre eroarea de prelucrare si marimile de
stare ale masinii tehnologice. Cercetari experimentale privind aplicarea metodei de modelare in
prognoza erorilor de prelucrare, in cazul prelucrarii unui lot de piese.

3.2. Dezvoltarea unui sistem de prognoza si de compensare online a erorilor de prelucrare si aplicarea
acesteia la masina prototip.

Rezultate:
1. Metoda de modelare online a relatiei eroare-parametri. 2. Sistem de prognoza si compensare.

B. Prezentarea in extenso a activitatilor desfasurate

CAPITOLUL 1

Stadiul actual al cercetarilor cu privire la reconfigurrea masinilor unelte

1. Premize stiintifice si tehnice, tehnologii si metodologii

suport, abordari si paradigme

In acest capitol se prezinta stadiul actual in domeniul cercetarii, teorii, implementari
industriale si diferite abordari. Intrucat subiectul cercetarii este inter-disciplinar si multi-
disciplinar, acesta se referd la cercetdrile din domeniul sistemelor reconfigurabile, sistemelor

inteligente distribuite si sistemelor CAD/CAM/CAPP .

1.1 Sisteme de fabricatie reconfigurabile

1.1.1 Flexibilitatea sistemelor de manufacturare

Globalizarea economiei a generat o cerere pentru manufacturieri pentru a produce o gama
largd de produse care trebuie sd indeplineasca conditii de calitate deosebite si pret scazut, si toate
acestea intr-un timp de fabricatie cat mai scurt. Din acest motiv a aparut necesitatea unor noi
sisteme de manufacturare, cum ar fi cele flexibile sau cele reconfigurabile.

Exista in lume mai multe sisteme de manufacturare industriale, cum ar fi: sistemele de

manufacturare dedicate, sistemele de manufacturare flexibile, sistemele de manufacturare
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celulare, sistemele de manufacturare reconfigurabile, sistemele de manufacturare multitask.
Fiecare dintre aceste sisteme corespunde unei etape de dezvoltare si prezinta diverse avantaje.

Sistemele de manufacturare dedicate

Istoria sistemelor de manufacturare dedicate Incepe odata cu implementarea productiei in
masd, cand era necesard producerea unor piese identice intr-un numar foarte mare. Astfel,
fiecare dintre masinile industriale componente ale unei manufacturi prelucra o operatie specifica
sau producea o singurd piesa. Sistemul acesta de manufacturare nu era unul flexibil si nu
permitea introducerea unei alte piese spre producere decét cea proiectata initial. In momentul in
care era necesarda introducerea altui produs, masinile trebuiau schimbate, ceea ce inseamna
costuri mari pentru noile masini si timp de inlocuire considerabil, care se traduce prin costuri

importante.

Sistemele de manufacturare flexibile

Un sistem de manufacturare flexibil este reprezentat in general de un numar de masini
comandate numeric si de un sistem de conducere asistat de unul sau mai multe calculatoare. Un
sistem flexibil de fabricatie este capabil sa produca una sau mai multe familii de piese, in mod
continuu fard interventia umand. Sistemul este astfel flexibil pentru a schimba productia, fara a
cumpara alt echipament.

Sistemele de manufacturare celulare

Sisteme de manufacturare celulare sunt acele sisteme care isi propun sa imbunatateasca
productivitatea, prin intermediul unei grupdri a masinilor si a personalului, pentru a produce o
clasa specificd de piese. Avantajele acestor sisteme sunt varietatea deosebitd a produselor care
sunt manufacturate in serie mica.

Sistemele de manufacturare reconfigurabile

Centrul de cercetari ingineresti “Ann Arbor” de la Universitatea din Michigan, impreuna
cu mai mult de 30 de parteneri din industrie, lucreaza la dezvoltarea unui nou sistem de
manufacturare, care va satisface cererile consumatorilor, prin reconfigurarea sistemului de
manufacturare insugi [Mehrabi 2000b]. Potentialul acestui sistem poate fi exploatat la maxim, in
conditiile in care controlul prin intermediul CNC este combinat cu productivitatea mare a

sistemelor dedicate, folosind o metoda de exploatare sistematica.
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Reconfigurabilitatea se poate defini ca fiind abilitatea de a acorda capacitatea de
productie la noi circumstante, prin rearanjarea sau schimbarea componentelor din sistem.
Componentele pot fi componente mecanice, senzori sau controlere. Deosebim doud clase de
masini i anume Adjustable Capacity RMT —masina reconfigurabild cu capacitate de ajustare si

Adjustable Functionality RMT, care permite realizarea unor familii diverse de piese.

1.2 Ideea de sistem reconfigurabil de manufacturare
Conceptul de sistem reconfigurabil de manufacturare este un curent In domeniul
maginilor unelte, ce a atras atentia producatorilor, care au nevoie de un sistem ce este mai flexibil
decat o linie dedicatd de productie si mai rapid decat un complex de masini CNC.
Masinile folosite se numesc reconfigurabile datorita faptului ca sunt compuse din module
care, odatd programate, pot realiza piese diferite, dar din aceeasi familie de piese.
Masinile reconfigurabile fac astfel legatura intre sistemele de masini dedicate, care pot realiza pe
scard mare un singur produs si sistemele de masini comandate numeric (CNC), care permit o
flexibilitate relativa, dar care au dezavantajul ca schimbarea necesara pentru producerea unei noi

piese necesitd timp considerabil.

1.3 Evolutia RMS-urilor

Istoria manufacturarii se poate imparti in trei etape dupa Mehrabi,Ulsoy si Koren
[Mehrabi 2000a] [Mehrabi 2000b] :

1) Epoca dinaintea controlului numeric;

2) Epoca controlului numeric;

3) Epoca cunoasterii.

In epoca pre-controlului numeric, s-a pus accentul pe cresterea productivititii; cererea nu
era foarte mare in ceea ce priveste diversitatea produselor si piata era caracterizatd prin
competitie locald. In epoca CNC, obiectivele tintd erau costul redus de productie si calitatea
imbunatatita, deoarece maginile CNC permiteau o varietate relativ mare a produselor si un mai
bun control. In epoca cunoasterii (incepand cu anii 1990) s-a pus accentul pe capacitatea de
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schimbare rapida a productiei. Aceasta perioadd este caracterizatd de o competitie acerba,
cauzatd de globalizarea economiei. Au avut loc progrese deosebite in sistemele de management
informatic. De aici putem concluziona cd globalizarea si dezvoltarea domeniului informatic au
dus la aceasta etapa. Aceste conditii necesitau o maniera de raspuns la schimbarea productiei,
capabila sd converteascd Intr-un termen foarte scurt productia pentru noi modele, sa
dimensioneze productia, sa integreze noi tehnologii si sa realizeze o diversitate de produse in
cantitatea necunoscute initial, adaptate la cerintele pietei.

Asa cum afirmau mai multi autori din SUA care studiazd sistemele de manufacturare
[Mehrabi 2000a, Mehrabi 2001, Asl 2000], elementele componente si structura sistemului
afecteaza In mod sensibil capacitatea de a fi reconfigurabil pentru o productie cu un cost redus.
In studiul lor se aratd ca proiectarea modulara a masinilor unelte reprezinti principalul obiectiv
in reconfigurarea sistemelor deja existente. De asemenea, pe langa reconfigurabilitatea realizata
prin module interschimbabile este necesara realizarea de componente hardware si software care
sd Indeplineasca conditia de reconfigurabilitate. Rezultatele studiilor aratd cd interesul
producatorilor pentru sisteme de manufacturare de tip flexibil (FMS - Flexible Manufacturing
System) a scazut datoritd complexitatii software, costurilor de investitie si costurilor de

intretinere.

1.4 Conceptul de sistem reconfigurabil

Conceptul de sistem reconfigurabil a fost introdus pentru a satisface noile provocari in
sistemele moderne de manufacturare. Un sistem de acest tip poate sd se reintegreze la o noud
productie intr-un timp foarte scurt, folosind module hardware si software. Reconfigurabilitatea
permite addugarea, excluderea sau modificarea unor unitdti de productie specifice, control,
software sau modificarea structurii masinii pentru o adaptare optima la cerintele pietei. Pentru ca
sistemul sa detind calitatea de reconfigurabilitate trebuie sa indeplineasca anumite conditii.
Acestea includ: modularitatea pentru componentele hardware, cat si pentru componentele
software, integrabilitatea (proiectarea sistemului si a componentelor atit pentru integrarea rapida
cat si pentru introducerea noilor tehnologii), diagnozabilitatea (capacitatea de identificare rapida
a problemelor de calitate i defectare din sistem), personalizarea (proiectarea pentru adaptarea la
productia unui anumit produs prin intermediul componentelor hardware si software) si

convertibilitatea.
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Sistemele de manufacturare configurabile (Reconfigurable Machining System — RMS )
sunt proiectate pentru a indeplini urmatoarele cerinte [Koren 2006] :

o sareduca timpul de start al productiei pentru o noua piesa sau familie de piese;
o sa fie suficient de flexibil pentru adaptarea la schimbdrile de pe piata;

o sa permitd reconfigurabilitatea sistemului de manufacturare in acord cu produsul

ce trebuie executat;
o sa permita noilor tehnologii software sa fie implementate in sistemele existente.

Spre deosebire de sistemele flexibile, sistemele reconfigurabile prezintd avantajul ca nu
existd capital stagnant In timpul functionarii lor, prin aceea cd nu existd module care nu sunt
folosite pentru productia curentd. In momentul cand se trece la fabricarea altei familii de piese,

se achizitioneaza module corespunzitoare.
Caracteristicile RMS

Arhitectura sistemelor de fabricatie trebuie schimbatd pentru a face fata acestor noi
schimbari. Modalitatile prin care se pot opera schimbari in arhitectura sistemului sunt prin
intermediul conceptului de sistem flexibil si sistem modular. Conceptul de sistem flexibil se
bazeaza pe ideea utilizarii de componente cu o flexibilitate naltd. Conceptul de sistem modular
implicd dezvoltarea unei arhitecturi hardware care sa poatd fi modificatd prin asamblarea
diferitelor module. Parametrii corespunzatori ansamblului se numesc parametri dinamici. De
asemenea, acest concept inseamnd ca topologia sistemului poate fi schimbata prin adaugarea sau
scoaterea modulelor, asa Incat multitudinea de task-uri pe care sistemul poate sa 1l execute creste
catre infinit. Un exemplu tipic ar fi un sistem robotic modular, care este construit pe baza
conceptului de sistem modular.

Un sistem de manufacturare reconfigurabil este proiectat pentru a permite schimbari rapide in
ceea ce priveste componentele hardware si software, pentru a ajusta capacitatea de productie si
functionalitatea familiei de piese, pentru a raspunde la schimbadrile bruste de pe piatd sau a
legislatiei [Koren 1999]. Din punctul de vedere a sistemului modular, un RMS constd in
componente modulare. Arhitectura este deschisa -“open”, in sensul ca este capabila sa isi reduca
sau sa creascd numarul sau tipurile de module. De asemenea, sistemul este capabil sd selecteze
un set de module si sa le asambleze in diferite configuratii. Fiecare configuratie este capabild sa

indeplineasca cerintele pentru un anumit task in mod optim. Din punctul de vedere al sistemelor
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flexibile, unele din modulele sistemului au componente ajustabile, cum ar fi axele de translatare
a CNC-ului sau actuatoarele unui robot. Prin urmare, un RMS integreazd componente ajustabile
bazate pe o arhitectura modulara, rezultind maximizarea capacititilor sistemului. In comparatie
cu sistemele de productie in masd, un RMS prezintd o flexibilitate in productie variabild, in
comparatie cu sistemele de manufacturare flexibila, un RMS are flexibilitate in capacitatile de
productie. Un RMS este o paradigmad ideald pentru manufacturieri care permite variatia

productiei in volume mici $i cu un cost mic.
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Fig. 1 Organizarea sistemului reconfigurabil [Mehrabi 2000a]

Asa cum se aratd in figura 2, un RMS poseda o serie de caracteristici cheie [Mehrabi
2000a, Mehrabi 2000b], cum ar fi ‘modularitatea’, ‘scalabilitatea’, ‘integrabilitatea’,
‘convertibilitatea’ si ‘diagnosabilitatea’.

Modularitatea implica atat nivelul hardware si nivelul software a elementelor
componente.

Scalabilitatea inseamna ca sistemul este capabil sa isi modifice volumul de productie, in
functie de necesitatile de pe piata.

Integrabilitatea inseamna ca, componentele sistemului sunt proiectate astfel Incat sa fie
integrate 1n arhitecturile viitoare ale noilor tehnologii.

Convertibilitatea permite schimbari rapide in ceea ce priveste schimbarea productiei.

Diagnozabilitatea defineste capacitatea de a identifica problemele de calitate si fiabilitate.
Influenta acestor caracteristici asupra schimbadrilor si necunoscutelor au fost discutate si ilustrate

de Bietal [ Bietal 2005].
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Fig. 2 Caracteristici atribuite sistemelor reconfigurabile [Mehrabi 2000]
Reconfigurabilitatea sistemelor, privitd de la nivelul masinii pana la nivelul intregii
corporatiei, poate fi clasificatd in ceea ce priveste nivele de actiune luate in considerare. Asa
cum se arata in Fig.4, la nivelele inferioare reconfigurabilitatea este realizata prin schimbarea
resurselor hardware, iar reconfigurabilitatea la nivele mai inalte este realizat de resursele
software. Pentru a atinge nivele de performanta dorite, este necesar sa se indeplineasca atat

reconfigurabilitatea la nivel software cand si la cel hardware.

Dezvoltari ale RMS-urilor

Un exemplu de sistem de manufacturare reconfigurabil este ardtat in figura de mai jos.
Sistemul consta 1n mai multe masini reconfigurabile reprezentate de masini unelte
reconfigurabile, sisteme reconfigurare de asamblare, sisteme de inspectie si calibrare si sisteme

de manipulare.
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Fig. 3 Exemplu de aplicare a unui sistem RMS [The 2000]

Proiectul (MOSYN) a fost propus pentru a studia personalizarea configuratiilor hardware a
masinilor unelte modulare [The 2000]. In prezent, masinile unelte sunt privite modular, pentru a
creste numarul de versiuni a unei anumite masini de catre producatori, end-userii folosesc in
final o configuratie anumitd, dar masina suferd noi reconfiguratii dupa instalare. O noua clasa de
masini unelte reconfigurabile a fost studiata la Universitatea din Michigan. Asa cum se aratd in
figura 4 a, noile masini unelte reconfigurabile au o arhitectura modulard, diferitele configuratii
ale sistemului pot duce la producerea de diferite familii de produse. Sistemul se asteapta sa
indeplineascd conditiile de modularitate, integrabilitate, personalizare, convertabilitate si
diagnozabilitate [Koren 1999] . Asa cum se aratd in figura 4b, o incercare a fost facutd pentru
dezvoltarea unui RMT cu axe non-ortognonale, numarul de orientdri ale arborelui principal
putand fi schimbat pentru a satisface cerintele unui anumit produs [ Katz 2002]. Cercetarea va fi

extinsa prin incorporarea mai multor arbori pe 0 masinad unealtd ortogonala. [Koren 2005].
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Fig. 4 Diferite studii de masini RMT de la universitatea din Michigan

In industria aerospatiald, matritele reconfigurabile au fost dezvoltate pentru table din
metal sau materiale compozite [Papazian 2002, Vailavec 1999]. O matrita reconfigurabild consta
dintr-un matrice de pini. Fiecare pin din matrita este un simplu actuator prevazut cu un solenoid
comandat numeric, cdruia i se controleaza pozitia verticala. Odata ce pozitia pinilor a fost
stabilitd, Intreaga matritd este asezata pe o parte rigidd. Shin [Shin BS2003] propune o noua
tehnologie folosind o combinatie de procesare cu viteza inalta si tehnica flexibila de fixare. Noua
tehnologie este vazuta ca o alternativa la procesarea cu viteza inalta.

Parallel kinematic machines (PKMs) sunt alte tipuri de masini reconfigurabile [Fassi |
2000]. Un PKM reconfigurabil a fost dezvoltatda la NRC-IMTI. PKM permite migcarea pe 3 axe
de libertate. PKM este reconfigurabild si unele module, ca legaturile binare si platformele pot fi
personalizate in functie de cerinte. Sistemul suport ajustabil si masa reglabild permite multe
configuratii pe masina de prelucrat cu diferite cerinte. Sistemul permite o reconfigurare rapida,
schimbarea masinii de pe verticala pe orizontald sau la diferite unghiuri, daca e necesar. Exista o
reconfigurare echivalentd in sistemul control, care permite diferite miscari ale masinii
reconfigurabile. Un concept similar a fost adoptat de Li si al.[ Huang 2005] si Huang si al.[ Lin
2004]. PKM-urile sunt construite pornind de la elemente standardizate. Trebuie precizat ca
teoriile si metodologiile pentru implementarea PKM-urilor sunt incd in stadiu de dezvoltare.

Conceptul de interschimbabilitate i fixare modulara a fost introdus incd din anii ’45.
Sistemele modulare de fixare au fost folosite pe cale largd in anii ’60 si sunt folosite alaturi de
magsinile unelte NC. Chan si Lin [Chan 1996] au dezvoltat sisteme modulare de fixare, constand
in module standard care ofereau proprietdtile de fixare, pozitionare si prindere. Modulul e
reprezentat de patru gheare cu opt grade de libertate pentru a se putea adapta la orice suprafatd

arbitrara a piesei. Asa cum se aratd in figura 5, General Motors [Mehrabi 2000a] a dezvoltat un
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sistem reconfigurabil de fixare. Sistemul constd In plasarea i montarea modulelor care pot fi
aranjate pe un batiu magnetic. Modulele sunt stocate in depozitul de scule iar cand este necesar
acestea sunt selectate pentru a produce familii variate de piese. Un prototip a fost fabricat si
validat pentru sistemul de fixare si procesare, cercetdrile fiind facute la Universitatea din

Michigan. Masina de alezat este capabila sa prelucreze diferite tipuri de motoare si cilindri.

Fig. 5 Sistem de fixare reconfigurabil proiectat pentru Ford

Existd mai multe abordari in sprijinul ideii de folosire a robotilor la sistemele automate de
fixare [Giusti 1994, Yuguang 2008].

Timpul de initiere a productiei (ramp-up time) si diagnozabilitatea sunt alte probleme ale
proiectdrii sistemelor de fabricatie reconfigurabile. Arai [Arai 2002] foloseste in cercetarile sale
roboti pentru a calibra sistemul de fabricatiei in mod automat, pentru a reduce timpul de initiere a
productiei. Mehrabi si Kannatey-Asibu [Mehrabi 2001] foloseste un sistem de monitorizare
multi-senzor pentru a creste diagnozabilitatea sistemului. Asa cum se arata in figura 6, un sistem
de inspectie a masinii reconfigurabile a fost dezvoltat, care consta intr-o matrice de camere web
pentru inspectia automatd cu vedere artificiald. Matricea poate fi configuratd pentru a atinge
diferite nivele de performanta, pentru aplicatiile de inspectie.

O noud metodd bi-dimensionala pentru calibrarea matricei de camere este propus, prin
care se unesc imaginile achizitionate de la camere pentru a forma o imagine de inalta rezolutie.
Masina reconfigurabild realizatd la Universitatea Michigan a fost proiectatd pentru a permite

flexibilitatea, in ceea ce priveste fabricatia cilindrilor pentru motoare V6 si V8| Jaspreet 2007].
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Fig.6 Matrice de camere folosite pentru RMT

Dezvoltarea sistemelor hardware pentru RMT-uri s-a diversificat §i se poate sumariza
precum urmeaza: a) majoritatea sistemelor sunt prototipuri si existd foarte putine sisteme
implementate in mediul industrial; b) sistemele existente au fost proiectate fara o metodologie
sau standardizare; c) reconfigurabilitatea sistemelor este slabd, in general, de multe ori este
imposibil sa se identifice o diferentd intre sistemele flexibile si sistemele reconfigurabile.
Metodologii de proiectare a sistemelor de fabricatie reconfigurabile
Conform lui Z. M. Bi & Sherman, proiectarea sistemelor reconfigurabile include trei faze.

In prima faza, sistemul existi ca un set de module in depozit. Fiecare modul are o anumita
functie, cum ar fi miscarea de translatare a unui actuator linear sau functia de mutare a unui
robot. Modulul oferd, de asemenea, interfete prin care modulul se poate asambla cu altele
externe.

In a doua fazd, sistemul este intr-o configuratic concreti. Sunt selectate variabilele
reconfigurdrii, cum ar fi selectarea modulelor si selectia acestora. Configuratia sistemului este
optimizata pentru anumite cerinte.

In a treia faza descrisa, configuratia sistemului este in functiune. Variabilele de control a unor
componente reglabile sunt manipulate §i sistemul functioneazd pentru indeplinirea sarcinii
curente. Cand sarcina este terminata, sistemul se dezasambleaza si modulele sunt gata pentru a fi

folosite pentru noi sarcini.
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Fig. 7 Sistem reconfigurabil si problemele de proiectare [Chen 2001]
Probleme de proiectare a sistemelor de fabricatie reconfigurabila

Problemele de proiectare pentru o masina unealtd reconfigurabild sunt conform Z. M. Bi
& Sherman: proiectarea arhitecturii, proiectarea configuratiei si controlul proiectarii in ceea ce
priveste ciclul de viata.

Proiectarea arhitecturii determind componentele sistemului §i interactiunile dintre
module. Arhitectura sistemului trebuie sd fie proiectatd de asa manierd, astfel incat sa produca
cat mai multe variante posibile, in asa fel incat sistemul sd poatd face fatd schimbarilor si cu
neprevazutul eficientei costurilor. Proiectarea arhitecturii se are in vedere in faza de proiectare a
sistemului.

Proiectarea configuratiei determina configuratia sistemului pentru o sarcina specificad. O
configuratie este un ansamblu de module selectate. Proiectarea configuratiei se are in vedere in
faza de utilizare a sistemului pentru o anumita sarcind. Proiectarea controlului determina
variabilele de control ale procesului, in asa fel incat configuratia curenta sd poata fi folosita

pentru indeplinirea sarcinii curente.

Metodologii pentru proiectarea arhitecturii

Proiectarea arhitecturii ia in considerare constrangerile derivate din aplicatia particulara
pe care trebuie sd o opereze RMT-ul. Complexitatea proiectirii depinde de nivelul de
reconfigurabilitate si de cerintele in ceea ce priveste schimbarile si necunoscutele. Multe lucrari
au tratat subiectul proiectarii arhitecturii sistemelor de manufacturare si foarte putine cu privire

la manufacturarea modulara [Benjaafar 2002, Tsukune 2000]. Majoritatea cercetarilor au abordat
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abordari intuitive , cum ar fi studiul de piata [Asl 2000, Katz 2002, Koren 1999, Mehrabi 2002a,
Zhao 2000]. Unele metodologii sunt noi, precum Chen si altii [Chen 2001, Chen L 2005] care
foloseste proiectarea axiomatica pentru a defini arhitectura sistemelor de roboti reconfigurabili.
Kuhnle [Kuhnle 2001] prezintd un model stare de timp pentru a descrie relatia intre cerintele
proiectdrii i schimbarile organizationale. Asl si altii [Asl 2000] au studiat stabilitatea RMS-
urilor prin analogia cu un fluid dinamic. Adolfsson si altii [Adolfsson 2002] aplica simularea
pentru a proiecta sisteme de manufacturare bazate pe componente. Metodologii in plina
dezvoltare, cum ar fi evolutionismul computational, auto-organizarea, invatarea supervizata,
sisteme multiagent. Narita si altii [Narata 2004] propune un concept al masinii future oriented
machine tools” - (FOMT), care constd din patru blocuri functie (management, predictie,
observare si strategie) iar procesele de manufacturare inteligente sunt realizate prin utilizarea
acelor blocuri functie. Aceste functii sunt analog functiilor pe care le are un operator, cand
trebuie sd indeplineascd o sarcind de manufacturare. Abele si altii [Abele 2005] au propus sa
dezvolte o masind unealtd reconfigurabild multi-tehnologica, care se bazeazd pe inalta
productivitate si duratd de viata indelungata.

Metodologii pentru proiectarea configuratiei.

Metodele pentru proiectarea configuratiei depind de complexitatea sistemului
reconfigurabil. In ceea ce priveste natura cuplirii variabilelor de proiectare, care si cuprinda
cerintele de proiectare, un sistem reconfigurabil poate fi, de asemeni, clasificat in: sistem
individual, sistem cuplat liber sau un sistem cuplat puternic. Intr-un sistem individual, ca de
exemplu un sistem calculator, fiecare modul corespunde unei cerinte individuale. O configuratie
este stabiliti cand toate componentele sale sunt selectate. Intr-un sistem cuplat liber, ca de
exemplu un sistem de fixare, fiecare componentd corespunde unei cerinte ( componenta de
strangere este responsabild cu cerinta de strangere), dar cateva din cerintele sistemului, ca de
exemplu toleranta §i deformatia sunt indeplinite de toate componentele. Toate modulele
sistemului trebuie luate in ansamblu pentru a evalua capabilitatea sistemului de a indeplini
cerintele. Un sistem ajutat de calculator pentru planificarea productiei (CAAP) a fost dezvoltat
pentru a determina caracteristicile modulelor componente, pentru simularea sistemului de
ansamblu al proiectarii, pentru simularea tridimensionald a robotilor, pentru proiectarea fiecarui
ansamblu si a celulelor de control. La Universitatea Notthingham s-a dezvoltat un sistem robot
asamblat pentru nituire ( [Books B 2005]). Pentru un sistem individual sau un sistem cuplat liber,

o componenta sistem poate fi determinatd individual, bazandu-se pe cerintele lor corespondente.
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Pentru a indeplini citeva din cerintele sistemului, componentele individuale au nevoie de cateva
reglari. Proiectarea configuratiei a unui sistem individual sau un sistem cuplat liber este similara
cu determinarea unui produs modular. Pentru un sistem cuplat puternic, variabilele de proiectare
trebuie considerate Impreund, pentru a justifica daca configuratia indeplineste sau nu cerintele.
Luand un exemplu de sistem robot reconfigurabil, variabilele de proiectare sunt selectiile si
ansamblurile modulelelor iar cerintele de proiectare sunt caracteristicile cinematice $i dinamice
ale unui robot, incluzand traiectoria, timpul si sarcina.

Metodologii de control

Controlul RMS poate fi generalizat si prin cerintele de proiectare sunt prezentate mai jos.
Sistemul control trebuie sa fie autonom deoarece un obiectiv la nivel de sistem este descompus
in obiective la nivel de modul. Fiecare modul are nevoie de un controler integrat, pentru a
indeplini obiectivele sale. Sistemul de control trebuie sa fie capabil sa integreze si sa coordoneze
modulele pentru a implementa obiectivul la nivel de sistem;

(1) sistemul de control trebuie sd fie distributiv i modular, deoarece componentele de

sistem sunt descentralizate si distribuite;

(i)  sistemul de control trebuie sd fie deschis astfel incat poate fi actualizat, controland

componentele. Controlul componentelor poate fi dezvoltat in operatii heterogene;

(iii) sistemul de control trebuie sa fie accesibil si actualizabil deoarece adaugarea/
inlaturarea/actualizarea componentelor hardware sunt necesare atunci cand au fost

schimbate tehnologiile de functionare, capacitate sau de posibilitate.

(iv)  sistemul de control trebuie sa fie el Insusi reconfigurabil deoarece configurarile de
sistem pot fi schimbate de la o configuratie la alta in mod frecvent. Sistemul de

control corespunzator trebuie sa fie de asemeni el insusi reconfigurabil rapid.

Conceptele paradigmelor de control, cum ar fi fabricarea holonica, fabricarea bionica
[Okino 1998] [Hoda 2008] si companii fractale [Dong 2005], sunt propuse pentru sistemele
viitoare de fabricatie. Marik si altii [Marik 2002], Tian si altii. [Tian 2002] si Tommila si altii
[Tommila 2001] au verificat situatia tehnologiilor de fabricare a agentilor baza; Balasubramanian
si altii [Balasubramanian 2001], Bongaerts si altii [Bongaerts 2000], Heikkila si altii [Hsieh
2003], Langer si Alting [Langer 2000], Zaremba si Morel [Zaremba 2003], Zhang si altii [Zhang
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2000] au propus arhitecturi variate de control pentru fabricarea sistemelor control; Nirav si
Duncan au studiat o abordare pentru controlul reconfigurabil al operatiilor [Nirav 2008].

Totusi, metodele eficiente inca lipsesc pentru a sustine implementarea la scara industriald
a conceptului de control holonic. S-a propus un concept al unei masini unelte orientata -single
machining system [Shu 2000, Wang 2002] sau pentru un sistem reconfigurabil simplificat
[Zhang 2000]. Jungtae [Jungtae 2006] demonstreaza capacitdtile unui sistem software auto-
reconfigurabil cu ajutorul agentilor software pentru a reconfigura controlul unei magini. Ahmed
si al [Ahmed 2007] prezintd o noud abordare cu privire la planificarea intr-un sistem de
manufacturare reconfigurabil iar Reuven [Reuven 2007] studiaza principiile de proiectare pentru
masina reconfigurabild. De asemenea. Manfredi si al [Manfredi 2006] investigheaza problemele
ridicate de managementul operatiilor intr-un sistem de fabricatie reconfigurabil.

Open architecture control (OAC)- (Controlul Arhitectural Deschis) oferd infrastructura
pentru a implementa controlul RMS. Realizéri in dezvoltarea OAC au fost efectuate de catre
Feraz [Ferraz 2005 ], Erol si al. [Erol 2000], Zhou si al. [Zhou 2004], Katz si al. [Katz 2002] si
Pritschow si al. [Pritschow 2001]. Structurile ierarhice, sunt folosite considerabil in productia de
masa si in manufacturarea asistata de calculator (CIM), pot fi de asemenea folosite. Monfared si
Weston [Monfared 1997] si Weston [Weston 1999] au propus o abordare a modelului condus
bazandu-se pe CIM-OSA; Park et al. [Park 2000] au dezvoltat un model de lucru de control
pentru sistemele flexibile modulare de fabricare; Kalita si Khargonekar [Kalita 2002] au
dezvoltat un controler logic pentru RMT. Reconfigurabilitatea unui sistem de control depinde de
deschiderea arhitecturii de control a componentelor sale. Orban si al. [Orban 2005] au evaluat
cateva arhitecturi de control obisnuite in termenii potrivirii si cerintelor de reconfigurare.

O noua arhitectura pentru un controler modular in timp real a RMT urilor a fost dezvoltat
si testat. Masina inteligentd este reprezentata de procedura de calcul eficienta care combind una
sau mai multe tehnici si criteriul expert cu unul sau mai multe nivele de decizie inalta
(ierarhicd), care la bazd, manipuleazd conditiile masinii ( viteza axiald, rata de alimentare,
adancimea cutitului) si pozitia sculei monitor si calitatea suprafetei finale, la cresterea
productivitatii [Katz 2003]. Un studiu a fost condus de Manfredi [Manfredi 2007] pentru
dezvoltarea unui sistem de control pentru o celula de fabricatie la Department of Manufacturing,
Production and Management Engineering a Universitatii din Palermo. O schema modulara
multi-nivel de implementare a procesului de monitorizare integrata, diagnostic i control este

propusa. Un PC cu baza harware integrata cu o structura soft bazata pe obiect este folosita pentru
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a manevra o serie de parametri ai maginii in timpul detectiei on-line a variabilelor masinii prin
procesare prin mijloace de procesare digitala a semnalului. Softul reconfigurabil este o cerinta
importantd pentru sistemele automate de control a masinii unelte pentru costurile scazute si
timpul scurt de implementare. Wang si Shin [Wang 2002] au propus o arhitecturd de soft bazata
pe combinatia de modele a obiectelor orientate si specificatiile formale de executie. Softul
masinii de control este privit ca o integrare a unui set de componente de soft, fiecare avand un set
de interfete externe pentru definitiile functionale, un control logic derivat pentru specificatiile de
executie sau de functionare si un set de protocoale service pentru adaptarea platformei.
Conceptele noii masini RMS impune functionalitdti de control mai mare impreund cu scule
avansate si metode pentru proiectarea lor. In timpul procesului de reconfigurare nu exista
posibilitatea de a testa complet sistemul fara a exista riscul de a solicita sau chiar strica masina.
In plus, structura masinii reconfigurabile este adesea consumatoare de timp si resurse financiare.
Pritschow si al. [Pritschow 2005] prezintd un mod de testare virtuald a structurii maginii
reconfigurabile, folosind un model dinamic de masgind unealtd in timp real, in combinatie cu
algoritmii de detectie capabili de coliziune 1n timp real, in asa numitul "Hardware in the Loop

Simulation" ( Hardware cu bucla de simulare).

Hardware
Configuration
Assemble Reconfiguration
i = (‘ Plug-play
clerogencous —— Cooperation
Scalability isassembl Disturbance handling,
Upgradeability
Tasks and '
Changes

Reconfigurable variables Process variabl

= Autonomy Ramp-up control Self-reconfiguration
= Distributed support Plug-play

= Platform/protocol —— Integration

= Scalability Sensing/robustness

Upgradeability

Information flow Material flow
|

Fig. 8 Necesitatile unei magini RMT
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1.2. Sistemele de manufacturare holonice

1.2.1. Conceptul de holon

Ideea de holon

Ideea de ierarhie si a partilor constituente, ca parte din aceasta au fost tratate in mod
diferit. Diferiti filozofi au propus sisteme abstracte pentru a explica fenomenul social. In Grecia
pre-socraticd Leucid si Deocrit au dezvoltat conceptul de atom §i au dezvoltat o filozofie pentru a
explica evenimentele sociale observate. Aristotel a folosit ierarhia ca o metodologie pentru
acumularea $i interconectarea cunostintelor umane. lerarhia a fost un punct de vedere dominant
cu privire la interconectarea din naturi. In secolul al 17- lea, Leibnitz propune “monadul” ca
fiind o unitate capabild si explice lumea materiald. In 1967, Arthur Koestler propune termenul
de “holon” in cartea sa - “ Sufletul din masind”. Arthur Koestler a participat la numeroase
evenimente politice si sociale din timpul sdu. Ideea de holon ocupa o pozitie importantd in
gandirea autorului 1n ceea ce priveste conditia umana. El a dezvoltat constructia In ceea ce
priveste trei probleme importante in perioada de dupa rizboi. In primul rand, a vizut necesitatea
unui model care trebuie sa uneasca §i sa integreze viziunea reductionistd i mecanistd cu cea
holistici si umanistd a filozofiilor freudiani, rogeriani si gestalti.  In al doilea rand, a
recunoscut importanta si relevanta stiintelor sociale si a dorit si construiasci o teorie. In al
treilea rand, a dorit sd dezvolte un model al sistemelor sociale pentru a descrie atit la nivel
micro, la nivel de individ, cat si la nivelul macro, la cel al colectivitatii. In acest sens a dorit un
model de baza capabil sd explice activitatea umana in ansamblul ei. Koestler recunoaste ca
“holonul” are de fapt o indelungata existentd in filozofia Europei de Vest. Mai multi filozofi cum
ar fi Leibniz si Hegel au atras atentia asupra importantei conceptului de ierarhie si a nivelelor
componente. Teoria holonica a fost incercarea lui Koestler de a integra filozofia si credea ca
teoria holonica va duce spre o viziune stiintifica holisticd. El afirma “ Ierarhia relatiilor ...va fi
poate principala idee a viitorului”. Koestler a crezut in principiile holonice ca o incercare de a
explica existenta umand. Cuvantul “holon” este o combinatie a cuvantului grecesc “holos” care

inseamna tot, cu sufixul “on” , care Inseamna particuld sau parte.
Holonul si holarhia

Koestler considera ca in orice sistem, de la sisteme chimice la celule biologice si pana la

cele sociale, entitdti independente, care nu interactioneaza cu altele, nu existd. Mai mult decat
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atat, entitatile exista Intr-o relatie holarhica una cu cealalta. El a numit aceste sisteme ,,Sisteme
cu lerarhie deschisda” - Open Hierarchical Systems (OHS) si prin urmare au fost denumite

holarhii.

Fiecare unitate a unei organizatii, cum ar fi o celuld dintr-un animal sau o familie dintr-o
societate, este compusd din mai multe unitdti bazice (nuclee, parinti si copii), in acelasi timp
facand parte dintr-o unitate de organizare mai mare (cum ar fi un tesut muscular pentru celula,
sau comunitate economica pentru o familie). Un holon, asa cum este definit de Koestler, este o
parte identificabila dintr-un sistem care are o identitate unica, dar in acelasi timp este compusa
din parti subordonate si in schimb este componentd a unui intreg mai mare. Holonii, definiti de
Koestler nu sunt neaparat entitati, dar modalitdti sistematice de a relationa structuri teoretice.
Prin aceasta, holonii sunt puncte arbitrare pentru a interpreta realitatea. Kostler afirma “ Oricare
ar fi natura organizarii ierarhice, holonii constituenti sunt definiti prin reguli stricte si strategii
flexibile”. Deoarece fiecare holon este definit prin propria structura ierarhica, fiecare holon poate
fi privit ca o serie de sub-ierarhii, definind holonii sub-constituenti. Holonii sunt in acelasi timp
si parti si intregi, deoarece sunt Intotdeauna parti a unei ierarhii mai mari §i intotdeauna contin
sub-ierarhii. Nu in ultimul rand, Koestler afirma ca holonii sunt etape ale dezvoltarii sau noduri
structurale care definesc dezvoltarea ierarhiei. Prin urmare, holonii reflecta stadiul de dezvoltare
in diferite stadii. Koestler pleaca de la doua observatii. Prima este atribuita lui H. Simon §i consta
in aceea ca sistemele complexe se dezvolta din sisteme simple, mai rapid, daca exista niste forme
intermediare stabile, iar sistemele complexe rezultate sunt niste ierarhii (in sens general). A doua

observatie, facutd de Koestler In analiza ierarhiilor si a formelor intermediare stabile, este ca,

13 13

desi partile si “sub-intregii” se pot diviza in “ Intregi “ si “parti“ nu existd nicdieri in sens

absolut.

Conceptul de holon indica faptul ca fiecare “sub-intreg “ actioneaza conform principiului lui
lanus: el coopereaza cu alte elemente pentru alcatuirea unui intreg mai mare (sau pentru
rezolvarea unei probleme mai complexe) si, in acelasi timp, actioneaza pentru realizarea telului
propriu, tratand situatiile aparute mai sus. Holonul apare astfel ca o formd intermediara,
caracterizata prin stabilitate proprie si, in acelasi timp, prin tendinta de combinare. Celor doua

fatete le corespund atributele de autonomie si respectiv cooperare.
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Structura organizationala a societdtii holonice sau holarhie oferd avantajele pe care structura
monolitica nu o are: sunt robuste 1n a interactiona la perturbatii interne si externe, sunt eficiente
in folosirea resurselor si se pot adapta la schimbarile de mediu. Ideea lui Koestler a fost aplicata
in domeniul sistemelor de manufacturare, unde caracteristicile holarhiilor si anume: stabilitate,
adaptabilitate, flexibilitate si eficienta motiveaza o proiectare a structurii pentru procesele de

manufacturare.

Organisms

Organs

O O O O Tigsues

Cells

\3 Molecules

Fig. 9 Holarhia organism

O

Role 3
e @

O Role 1

Role 2

Fig.10 Sistem de organizare holonic [ASPECS 2008]

1.2.2 Sisteme de fabricatie holonice
Sistemele de manufacturare holonice ( Holonic Manufacturing Systems — HMS) sunt
caracterizate de atributele holonice: automonie, cooperare, planificare, autoidentificare. Intr-un
sistem de manufacturare holonic, holonul este reprezentat de o parte de procesare, uneori i de o

parte fizicd, care este responsabild pentru transformarea, transportarea, stocarea si validarea
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informatiilor, cat si a obiectelor fizice. Holonii din sistemele de manufacturare pot fi construiti in
mod recursiv din alti holoni. Agentii holoni 1i putem defini folosind principiul bazat pe sistemele
multi-agent, ca fiind o entitate compusd atat din elemente informationale cat si din elemente
hardware.

Partea infomationala din holon, referindu-ne strict la sisteme de manufacturare holonice,
este reprezentatd de un agent. Un sistem multi-agent este reprezentat de o colectie de agenti,
independenti, fiecare dintre ei avand un anumit grad de autonomie cu privire la actiunile sale si
perceptie a mediului. Domeniul sistemelor multi-agent este parte din ramura inteligentei
artificiale distribuite, ceea ce Inseamna cd acest sistem rezolva problema, Tmpdrtind-o in mai
multe taskuri, care urmeaza a fi indeplinite de mai multi agenti.

Conform ideii lui Parsons, un agent este o entitate care are un scop si manifestd o
comportare proprie. Comportarea este abilitatea de a schimba starea mediului, care este perceput
de agent conform propriilor reguli si defineste situatia in care se afla.

Bratman 1si fundamenteaza descrierea agentului bazdndu-se pe analiza comportarii
umane, rationale, avand in vedere trei categorii mentale: convingere, dorintd §i intentie,
interconectate prin diferite cerinte. Dezvoltand aceste concepte, Cohen si Levesque, Rao si
Georgeff au formulat o teorie a convingerii, dorintei si intentiei (in literaturd gasim termenul
numit teoria BDI — Belief, Desire and Intention), care asociaza aceste notiuni mentale cu agentii.
Shohan caracterizeaza termenul agent - “o entitate a cdrui stare este vazuta ca fiind constituita
din componente mentale, cum ar fi convingeri, capabilitati, alegeri si previziuni”. El propune o
schemd computationald pentru programarea orientatd pe agent, care extinde paradigma
programarii orientate pe obiecte cu aceste notiuni mentale. Russell si Norvig [Stuart 1998]
definesc un agent ca fiind “orice care poate fi observat ca percepe mediul prin intermediul
senzorilor $i actioneaza in acesta, prin intermediul efectorilor”. Lange ofera o definitie mai
pragmatica, care este orientatd pentru a satisface necesitdtile din industrie. El defineste un agent
ca fiind “ un obiect software care are urmatoarele proprietdti: reactivitate i autonomie, cu
privire la actiunile proprii”. Optional, un agent poate fi comunicativ si capabil sd invete.

Wooldridge si Jennings caracterizeaza un agent cu urmatoarele proprietati:
» autonomie, 1n legdtura cu starile si actiunile sale;
» sociabilitate: agentii comunica cu alti agenti prin intermediul unui limbaj comun;

» reactivitate: agentii raspund la schimbdrile de mediu;
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» pro-activitate: agentii dezvoltd o comportare bazatd pe atingerea telului pe langa reactia

directa la mediu.

Apgant

sensor input action output

Environmeant

Fig. 11 Interactiunea unui agent cu mediul
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Fig.12 Sistem multi-agent
Sistemul de fabricatie holonic (Holonic Manufacturing System — HMS) pastreaza
stabilitatea ierarhiilor pure si exploateazd flexibilitatea dinamica a sistemelor heterarhice. HMS

este o holarhie care integreaza intreaga gama de activitati privind fabricatia,incluzdnd acceptarea
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comenzilor, proiectarea, productia si activitdtile de marketing, in scopul de a realiza o
intreprindere de fabricatie agila.

In toate sistemele multi-agent trebuie si existe un limbaj si un protocol care sunt utilizate
de agenti in momentul interactiunii. Printre multe altele, protocoalele existente sunt: KIF
(Knowledge Interchange Format) pentru continut si este utilizat pentru transmiterea mesajelor,
KQML (Knowlegde Query and Manipulation Language) pentru formatul mesajelor si COOL
(COOrdination Language) pentru coordonare (actiunile agentilor sunt interdependente si pentru
atingerea unui scop comun acestea trebuie coordonate). Odatd cu addugarea comunicarii ca o
capabilitate a agentilor, este posibil sa consideram acesta abilitate ca o actiune, care nu este
diferitd de alta. Cand un agent transmite informatii unui alt agent are un efect similar oricarei alte
actiuni transmise. Scopul sistemelor de manufacturare holonic este de a proiecta sisteme de
manufacturare modulare si standardizate, concepute din partii interschimbabile, pentru a permite
sistemelor de productie sd fie reconfigurabile si cu capacitdti de autoorganizare. Asa cum am
aratat mai sus, domeniul inteligentei artificiale distribuite a dovedit ca teoria sistemelor multi-

agent este potrivita pentru implementarea conceptelor holonice.
1.2.3 Proiectarea sistemului holonic

Un holon este o entitate autonomad, fiind considerat un tot care poate include sub-holonii,
avand caracteristici inrudite si, In acelasi timp, sd fie parte a unui holon mai intins. Bazandu-se
pe consideratiile lui Koestler si OEH, agregarea holonilor si relatiile dintre ei cu structura
holonica poate fi exemplificata ca in figura 13, unde entitatea de baza se adreseaza la holonul de

referintd. Aceasta structurd permite o distinctie clard intre toate entitatile incluzand arhitectura.

/ Broad-Holon 1 \ a:

Reference Holon 1 Reference Holon 2 Reference Holon n ﬁ\'
Sub- Sub- Sub- Sub- Sub- Suby- Suby- Sub- Sub- Sub-
Holon 1 Holon 2 Holon i Holon 1 Holon 2 Holonj | |™)| Holon 1 Holon 2 Holon k Holon 1
+ A

N

Fig. 13 Sistem de holoni
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Pentru a proiecta arhitectura de control a sistemelor holonice, doua tipuri de standarde
sunt propuse in literatura de specialitate [Christensen 2003]. Pentru nivelul de control minim
(LLC), arhitectura care se refera la functiile de automatizare, se propune seria de standard
International Electrotechnical Commission (IEC) 61499, pentru utilizarea grupului de functii in
automatizarea industrial i sistemele de control. In proiectul IMS, un progres semnificativ a fost
realizat pentru proiectarea arhitecturii holonice LLC folosind IEC 61499. Aceasta alegere a fost
realizatd datoritd capabilitdtilor blocurilor de functii mentionate mai sus, in termenii de
"flexibilitate cerutd in planificarea evenimentelor si, in special, in cazul controlului in timp real”
[Marik 2001]. Arhitectura de controlul de nivel Tnalt (HLC) se referd la interactiunile dintre
holoni si integrarea functiilor de automatizare in arhitectura holonica. Colectia de standarde
arhitecturale pentru sistemul de agenti soft, dezvoltat in cadrul Foundation for Intelligent
Physical Agents (FIPA) sunt propuse in cateva lucrari ca solutie pentru a fi folosita in proiectarea
arhitecturii HLC a sistemelor holonice |Marik 2003]. Christensen [Christensen 1994] a dezvoltat
un model intins al holonului care include si o unitate umana functionand ca o resursa la fel ca si
unitatea de procesare fizicd, dar in acelasi timp, schimba informatii cu mediul si poate actiona in
unitatea de procesare fizicd ca si unitatea de control soft. O privire detaliata a dezvoltarii

holonului sub programul de consortiu HSM este prezentata de Fletcher si al. [Fletcher 2001].

Unitatea de control soft, numitd si sistem de control inteligent (ICS) este mai departe
detaliatd pentru a include toate blocurile de constructie, cum ar fi controlerele si interfetele de
comunicare cu alte componente ale holonului. Structura in straturi din blocul de functii IEC
61499 procura holonilor din arhitectura caracterul portabil al softului, configurabilitatea si
interoperabilitatea necesard pentru a actiona ca entitdti autonome §i cooperative. Aceeasi
abordare a utilizarii blocului de functii in arhitectura LLC a sistemului holonic apare in cateva
alte lucrari, cum ar fi Wang si altii [Wang 1998], Balasubramanian si altii [Balasubramanian
2000], Christensen [Christensen 2003]), Deen [Deen 2003], Neligwa si Fletcher [Neligwa

2003].

Arhitectura interna a holonilor

Asa cum s-a discutat mai sus, toti holonii

Coordination Modulz

au o unitate de control, care e responsabila pentru

Control Unit

Algorithms

ghidarea holonilor, pentru a indeplini obiectivele
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individuale sau de grup. Bazandu-se pe informatie si pe algoritmii inclusi 1n unitatea de control,
un holon trebuie sa fie capabil sd evalueze situatia sa, sa reactioneze la schimbarile din mediu si
sa decida actiunile cele mai apropiate care trebuie realizate si care implica sistemul de masurare
performant intern si sa directioneze holonul aproape de obiectivul sau. O baza de date interna
este folositd pentru a stoca cunostintele in legaturd cu arhitectura holonica, sarcini de indeplinit si
mediu de fabricatie, necesar pentru a evalua corect si a executa sarcinile potentiale. O prezentare

schematica a arhitecturii interne a unui holon este prezentata in figura de mai jos.

Fig. 14 Structura interna a unui holon

Autonomie si cooperare

Definitia consortiului HMS considera autonomia §i cooperarea, doud caracteristici cele

mai importante ale holonilor. Glanzer si al. [Glanzer 2001] au stabilit cd " atunci cand
consideram partea inteligentd §i cooperativa a unui holon, gasim proprietati similare cu softul
agentilor", astfel unitatea de baza cuprinzdnd MS este o alegere buna pentru a fi folosita in
proiectarea sistemelor holonice. De altfel, Ulieru si al. [Ulieru 2001] au notat ca, " o
descompunere de sistem si analizd, bazatd pe principiile holonilor propune o implementare de
soft repartizatd, cu entitati cooperative cu executare autonoma, cum ar fi blocurile constructive”.
Autonomia le permite holonilor sd decidd actiunile necesare pe care trebuie sa le ia, cum ar fi
obiectivele individuale de executat fara consultarea altei entitdti supraveghetoare. Cooperarea
este caracteristica care permite holonilor sa se inteleaga asupra planurilor comune si sa le execute
in mod reciproc. De asemenea, 1i ajuta pe holoni sa caute ajutor in cazul unei proaste functionari,

aparutd dupa Inceperea executarii unui plan comun.
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Relatii intre entitatile din sistemul holonic

Holonii care formeaza arhitectura holonica au nevoie de protocoale si metode de schimb
a informatiilor §i coordonarii actiunilor, pentru a indeplini obiectivele individuale sau ale
sistemului deschis. O serie de termeni sunt definiti in literatura MAS, in legaturd cu potentialul
relatiilor intre entitati in arhitecturile pe baza de agent, dintre care cei mai utilizati sunt:
coordonare, comunicare, cooperare, colaborare si negociere. In figura 15 se arata relatiile si
caracteristicile de suprapunere ale acestor arhitecturi pe baza de holon. Definitiile si
caracteristicile acestor relatii prezentate mai jos sunt dezvoltate dupd o examinare vastd a

literaturii disponibile.

Coordonare. Chiar si un obiectiv optimal global nu poate fi atins intr-o structurad
descentralizata, ar fi cateva constrangeri care trebuie satisfacute, in ordine pentru ca sistemul sa
gdseascd o solutie convenabild. Miscarile coordonate de nivel inalt deplaseaza sistemul

satisfacand aceste constrangeri.

Fig. 15 Diagrama care arata relatia intre entitdti intr-un sistem holonic

Comunicare. Contrar descentralizarii arhitecturii sistemelor holonice, entitatile care

cuprind arhitectura au nevoie sd efectueze un schimb de informatii, pentru a satisface
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constrangerile sistemului si de a atinge scopurile sistemului. Comunicare este mijlocul principal
pentru schimbul de informatii In MAS si in mare parte implicd date. Comunicarea face posibila
coordonarea si cooperarea, desi ambele procese se pot petrece fard comunicare si este necesara in
procesul de negociere. Deoarece MAS este unealta prin care se executd sistemele holonice,
comunicarea dintre entitdti in sistemele holonice este bazatd pe metodele de comunicare agent si
protocoalele utilizate in MAS. Metodele de comunicare din MAS includ mesaje sau un plan de
transmitere, schimb de informatie printr-un repertoriu de date impartite sau o comunicare de

nivel inalt [Shen 2001].

Metoda de transmitere a mesajului este bazatd pe schimbul de mesaje de-a lungul
entitatilor din arhitecturd si este cea mai utilizatd abordare pentru comunicarea in MAS.
Transmiterea mesajului, cea mai cunoscuta metoda este Contract Net Protocol (CNP) dezvoltata
de Smith [Smith 1980]. CNP oferd procedurile pentru majoritatea nevoilor de comunicare in
arhitectura agentilor distribuiti, cum ar fi anuntarea sarcinii $i primirea, mecanismul de ordin,

decernarea si procesarea contractului si negocierea [McFarlane 2000].

Cooperarea. Cooperarea este procesul, voluntar sau nu, care rezulta din actiuni comune
care migcd entitatile implicate 1n acest proces mai aproape de scopul comun. Doran si al. [Doran

1997] declarau ca in MAS cooperarea inseamna " a actiona cu altul sau altii pentru un scop

comun sau pentru beneficii comune"." Uneltele pentru atingerea cooperdrii, prezentate in
literatura DAL includ coalitia agentilor §i adunarea lor, comunicarea, impartirea sarcinilor si a
resurselor si rezolvarea conflictului prin negociere [Shen 2001]. Cand exista o intentie voluntara
de schimb de date, cu scopul atingerii scopului comun, cooperarea se refera uneori la colaborare,

in literatura. Dar,de fapt, colaborarea este o forma a cooperarii, in care agentii din MAS schimba

in mod voluntar informatiile pentru atingerea scopului comun.

Talukdar [Talukdar 1999] prezintd o serie de reguli de colaborare intre agentii soft
autonomi, unde colaborarea este definitd ca "schimb de date intre agentii care proceseaza
informatiile, fara deosebire ce schimb este productiv sau nu" i o serie de linii de ghidare despre

cum aceste reguli pot fi extinse in sistemele din lumea reala , in timp real.

Negocierea. Dupa cum spune si numele, negocierea este procesul de stabilire al unui set

aprobat de actiuni care inainteaza sistemul sau o parte din el, dintr-o situatie de conflict catre un
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scop comun. In functie de arhitectura si obiectivul MAS, procesul de negociere poate fi necesar
intre orice tip de entitate din arhitectura. In literatura sistemelor holonice, negocierea este in
unele cazuri un termen asociat cu sarcina de alocare. In aceasti abordare, negocierea se refera
strict la rezolvarea conflictului, deci protocoalele de negociere apar atunci cdnd e ceva de
negociat. Conflictele dintre holoni pot rezulta din cateva motive, cum ar fi: obiective diferite, cai
diferite de a realiza actiuni specifice, sau evaludri incorecte ale capabilitatilor resurselor de

fabricatie.

Tehnicile de rezolvare a conflictelor folosite pentru sistemele holonice sunt acelea
folosite Tn MAS si includ o negociere compromisd, unde o solutie este in final acceptata prin
schimbarea valorilor de-a lungul unor dimensiuni pand cand un punct comun este atins,
negocierea integratd, unde o solutie este gasitd prin identificarea obiectivelor comune cele mai

importante ale tuturor agentilor si teoria jocului bazata pe negocieri [Shen 2001].
Aplicatiile conceptului holonic

Cateva incercari de a aplica principiile holonice in sistemele de fabricatie existente, cum
ar fi sistemele de fabricatie flexibile (FMS), pentru a le Tmbunatati sensibilitatea la evenimente
neprevazute si atingerea lipsei de tolerantd sunt prezente in literaturd. Overmars si Toncich
[Overmars 1996] au sugerat o metoda de a aplica abordarea holonicd in FMS prin detectarea
dinamica a resurselor de fabricatie pentru orice piesa data care intra in sistem. Aceeasi idee,
aplicand conceptul holonic pentru planificarca FMS este gandita de catre Cheung si altii
[Cheng 2001] si de Lun si Chen [Lun 2000]. Jarvis si altii [Jarvis 2003] au prezentat un proces
de migratie dintr-un sistem de control existent intr-o stare intermediard pentru fabricarea unor
motoare auto si componente ale motorului. Fu-Shiung Hsieh [Fu-Shiung 2008 a] analizeaza
capacitatea sistemelor holonice de a face fatd erorilor prin intermediul retelelor Petri. Acelasi
autor [Fu-Shiung?2 2008 b] propune o arhitecturd si o metoda de optimizare pentru sistemele de
manufacturare. Sunt autori [Seilonen 2008] care propun proiectarea sistemului de automatizare
bazat pe sisteme multi-agent. Se propune o platforma agent pentru automatizarea procesului

folosind extensii specifice a platformei FIPA.

In stadiul intermediar, cadrul de munca holonic si conceptul orientat pe parti coexistd cu

infrastructura existentd. Rezultatele obtinute pand acum in implementarea stadiului intermediar
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aratd cd este nevoie de o cercetare mai amanuntitd pentru ca toate sculele sd aiba nevoie de
migratie la un sistem holonic real, obiectivul final al cercetarii. Alte strategii de migrare in
sistemele existente catre sistemele holonice sunt considerate ca solutie primad si simpla de
implementare. Strategiile includ utilizarea capabilitatilor de diagnostic si reconfigurare limitata
asociata cu sistemele existente [Gayed 1998], tranzitiile sistemelor CIM existente la sisteme
holonice, utilizand aplicatia holonilor la arhitectura CIM existentd [Chirn 2000], holonizarea
resurselor existente prin incorporarea unitdtilor de control pentru fiecare resursa
[Monostori 2003] sau tranzitii ale celulelor de fabricatie existente la celulele holonice
[Chirn 2000] (figura.17). Paolo [Paulo 2007] a prezentat o abordare holonicad la planificarea

manufacturarii dinamice, pentru a obtine o optimizare globala .

Acelasi autor, alaturi de Restivo si Leitao [Leitao 2006, Leitao 2005] au contribuit la
dezvoltarea proiectului Adaptive Holonic Control Architecture (ADACOR) pentru sisteme de
manufacturare distributive care combind capacitatile fiecarui holon pentru a atinge conditia de
responsabilitate la schimbarea sistemelor de fabricatie. Bazandu-se pe caracteristicile holonului
Fan-tien si altii [Fan-Tien 2004] propun solutia bazatd pe conceptul de holarhie de organizare la
nivel de fabrica (fig.16) Mert si Majid [Mert Bal 2008] sugereaza o metodologie bazatd pe VR
(realitate virtuald) pentru a proiecta §i a implementa un sistem de control holonic la nivel de

fabrica.
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Aplicatiile industriale ale sistemelor holonice

In prezent, aplicarea industrial a sistemelor holonice este relativ scizuti. Exista citeva
implementéri a sistemelor holonice. Sistemul holonic ,shot-blasting’, prezentat de Heikkila
[Heikkila 2003] este o demonstratie despre cum roboti separati pot actiona autonom i coopera,
unul cu altul, pentru a indeplini sarcinile. Proiectul Holomobiles, dezvoltat pentru sistemele
existente de asamblare ale motoare din industria auto au oferit putere si sistemului [Bussmann
2001]. Alte modele de implementare industriald holonica au fost relatate in literatura de
specialitate. Unul este vorba despre modelul de diagnoza pe baza de holoni, dezvoltat pentru
partile de asamblare ale unui motor auto [Jarvis 2003] si al doilea este un sistem industrial
automat de inmagazinare, dezvoltat de catre Heragu [Heragu 2002], la care o planificare
inteligenta holonica si un cadru de lucru de control sunt aplicate pentru conducerea selectiei si
reaprovizionadrii. Planificarea holonicd a operatiilor de productie a fost studiatd de mai multi
autori [Verstraete 2006, Verstracte 2007, Valckenaers 2005, Paolo 2004]. Jose si altii [Jose
2006] prezintd tehnicile implementate in proiectul ABAS, finantat de National Technology
Agency — Finlanda si diferite companii, de simulare cu ajutorul holonilor a proiectarii sistemelor
de fabricatie. De asemenea, Vladimir si altii [Vladimir 2007] face o trecere in revistd a
problemelor ce trebuie luate in considerare pentru implementarea industriald a conceptului de
inteligenta distributiva. Mai multi autori au tratat ideea de conducere bazatd pe inteligenta
distributivd a sistemelor de fabricatie [Jason 2004, Martyn 2004, Scott 2004, Teppo 2004,
Francisco 2004a, Francisco 2004 b, José 2004, Chun 2004, Mohammad 2004, Misbah 2004,
Pascal 2008].

1.3 Limbaje de comunicare intre holoni
Termenul de agenti, care se referd intotdeauna la agentii software se refera la o paradigma
pentru dezvoltarea softului, intr-o lume a sistemelor de retele, distribuite si omogene; subliniind
calitatea de autonomie, adaptabilitatea §i cooperabilitatea. Aceasta transformare a afectat
inevitabil uneltele si metodologiile utilizate pentru dezvoltarea softului agent.
O tema importantd de-a lungul evolutiei agentilor a fost abilitatea lor de a interactiona
(comunica) unul cu altul, astfel incat sd fie capabili sa lucreze colectiv pentru rezolvarea

problemelor, pe care un singur agent nu poate, individual. Pentru o mare parte a comunitatii de
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agenti, rolul de agenti dotati cu abilitatea de a comunica a fost posibil datoritd Agent
Communication Language (ACL)= Limbajul de Comunicare Agent. Knowledge Query si
Manipulation Language (KQML), - concept aparut la inceputul anilor 90 care defineste gradual
conceptul ACL. KQML scoate la iveald munca Knowledge Sharing Efort (KSE), lansat de
cercetatori, care au dorit sa satisfaca ideea de interoperabilitate.

Initial KQML nu avea nimic in comun cu notiunea de agenti, ci era parte integrantd din
problema interopeabilitdtii. KQML putea fi sumarizat ca o colectie de mesaje care imita limbajul
uman, scris in siruri ASCII, care sunt transportate prin intermediul conexiunii TCP/IP, cu scopul
de a schimba informatii intre sisteme software.

Specificatiile si discutiile despre KQML la acel timp, manifestate sub influenta gandirii
Al 1n spate stand aspectul si consideratiile, care erau semnificative. Dupd ce un numér mare de
cercetdtori a devenit parte din comunitatea KQML, KQML a fost disociatda din KSE si noi idei au
iesit la iveala. Multe grupuri diferite au proiectat si construit sisteme multi-agent, care foloseau
KQML pentru comunicarea inter-agent si o mare parte din eforturile lor s-au constituit n jurul
construirii infrastructurii necesare pentru a trimite i primi corect mesaje KQML de-a lungul
retelei,dezvoltand scheme pentru numirea agentilor si mecanisme de distributie.

Al doilea ACL discutat este FIPA ACL, un limbaj dezvoltat de Foundation for Intelligent
Physical Agents, primul efort organizat a constat in dezvoltarea standardelor in arie largd a
agentilor. In evaluarea noastri comparativi a KQML si FIPA ACL, s-a argumentat ci
dezvoltarea este neinsemnatd la diferentele de strat semantic. Conceptul ACL, ca o sculd agent
de dezvoltare s-a Tmbundtatit intr-un mod care trece dincolo de semantici, iar conceptul include
acum noi abordari. Dupa prezentarea problemelor de cercetare de interes, se examineaza munca
curentd care le este adresata.

Originile conceptelor de limbaj de comunicare pentru agenti

Pentru a intelege evolutia conceptului Limbajului de Comunicare Agent este necesar
intelegerea contextului care a dat nastere la KQML. KQML a fost mai intai introdus ca unul
dintre rezultatele KSE (Knowledge Sharing Efort) [Ramesh 1997], care a influentat eforturile
curente n abordarile comunicarii inter-agent. KSE a inceput ca o cercetare in jurul anilor *90, cu
sprijinul agentiilor guvernamentale ale S.U.A. ( in special DARPA). KSE a fost activ, apoi cinci
ani si s-a bucurat de participarea a multor cercetatori din universitate si industrie; cercetdtorii
reprezentau ramuri variate din comunitatea Al. Scopul sau era sd dezvolte tehnici, metodologii si

unelte software pentru agenti, In special agentii inteligenti, sunt un exemplu important de astfel
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de sisteme bazate pe cunoastere (knowledge-based) (alte exemple sunt de tipul sisteme expert
sau baze de date). Atitudinile propozitionale sunt trei parti cu legaturi intre ele:

O un agent,
o un continut, care are o propozitie ( de exemplu: afard ploud) si
o un limbaj

Se foloseste abrevierea ACL pentru a se referi la toate aceste trei parti dar si la
comunitatea ACL. Un agent poate avea un set finit de atitudini propozitionale in legitura cu
propozitia ( de exemplu: a crede, a afirma, a se teme, a se intreba, a spera, etc.).

Modelul KSE include trei straturi de reprezentare:

1- specificarea atitudinilor propozitionale;
2- specificarea propozitiilor - de obicei se numeste stratul continut (propozitional) si
3- specificarea ontologiei acestor propozitii.

In concordanti, KSE include o componentd ( cu limbajul asociat) pentru fiecare din
acestea: Knowledge Query and Manipulation Language (KQML) - pentru atitudini
propozitionale, Knowledge Interchange Format (KIF) [FIPA 1997] (Format de Cunoastere
Interschimbabil) - pentru propozitii si limbajul ontologic. In cadrul abordarii KSE, cele trei
straturi sunt privite independent unul de altul.

KQML: Conceptele ACL

Actualele ACL sunt KQML, sunt multe dialecte si variante, si FIPA si ACL. KQML
ilustreaza conceptele de baza ale acestora. Cu exceptia lui ACL, varianta KQML care atribuie lui
KIF ca limbaj de continut, toate dialectele KQML si FIPA ACL urmaresc conceptele de baza ale
KQML, care au fost abordate aici. KQML este un limbaj de comunicare cu mesaj orientat §i
protocol, de nivel 1nalt, pentru schimbarea independenta a informatiilor sintaxei contextului si a
ontologiei potrivite. Astfel, KQML este independent de mecanismul de transport (TCP/IP,
SMTP,IIOP, etc.), independent de limbajul de continut (KIF, SQL).

Conceptual, se pot identifica trei straturi intr-un mesaj KQML: continut, comunicare $i mesaj:

o Stratul de continut cuprinde continutul mesajului actual in limbajul propriu de
reprezentare al programului. KQML poate produce orice limbaj de reprezentare,

incluzand limbajele exprimate ca siruri ASCII si cele exprimate utilizand notatia
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binard. Fiecare implementare KQML ignord mesajul de continut fragmentat,

exceptand determinarea sfarsitului mesajului.

o Stratul de comunicare codeaza o serie de caracteristici catre mesajul care descrie
parametrii de comunicare de nivel mic, ca de exemplu identitatea expeditorului si

destinatarul si o identificare unica asociata cu comunicarea.

o Stratul de mesaj, care codeazd un mesaj pe care o aplicatie 1l transmite alteia, este
centrul (inima) KQML. Acest strat determina tipurile de interactiuni care pot
exista la un agent KQML. Functia stratului de mesaj este de a identifica actul de

vorbire sau ceea ce expeditorul atageaza la continut.

Semantica

La inceputurile sale de utilizare, KQML a existat doar cu o descriere semantica
informala.

Criticii au identificat una din greselile sale [Philip 1995]. In ultimii ani, cercetitorii au
pus bazele pentru a elabora o semantica formala. In alte lucrari [Yannis 1996] [Rafael 2006], s-a
studiat semantica KQML 1in termenii conditiilor preliminare, finale si conditiike de completare
pentru fiecare criteriu de performanta..

The Foundation for Intelligent Physical Agents (FIPA)

The Foundation for Intelligent Physical Agents (FIPA) este o fundatie nonprofit care isi
propune sa promoveze succesul aplicatiilor bazate pe agenti si serviciile. Scopul fundatiei FIPA
este de a oferi specificatiile care maresc inter-operabilitatea de-a lungul sistemelor bazate pe
agenti. Dupd cum sugereazd descrierea, FIPA este o organizatie de standarde in cazul agentilor
soft. Organizatia a inclus la inceput cuvantul "Physical" in denumirea sa, pentru a cuprinde
varietatea de roboti agenti. Ulterior, prezenta adjectivului a servit ca un memento, prin care
agentii umani §i interactiunea cu ei sunt parte din scopul asociatiei. FIPA realizeazd colaborari
internationale cu membrii organizatiei, care sunt companii §i universitati active in domeniu.

Companiile de tehnologie europene si din Orientul Indepartat au fost cei mai activi
participanti, incluzand Alcatel, British Telecom, France Telecom, Deutsche Telecom, Hitatchi,
NEC, NHK, NTT, Nortel, Siemens, si Telia.

FIPA ACL

Limbajul de comunicare al agentilor FIPA, cum ar fi KQML, formeaza teoria actului de

vorbire: mesajele sunt actiuni sau acte comunicative iar intentia lor este de a realiza o actiune
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prin trimitere virtuald. Specificarea FIPA ACL consta dintr-un set de mesaje si descrierea lor
pragmatica, care are in vedere efectele atitudinilor mentale ale agentilor expeditor si destinatar.
Specificatia descrie fiecare act de comunicare cu ambele forme, narativa si semantica, bazate pe
o logica modala. Mai prevede si descrierea normativa a setului de protocoale de interactiune de
nivel Tnalt, incluzand cerinta de actiune si alte tipuri de actiune. FIPA ACL este superficial
similard cu KQML. Sintaxa sa este identicd cu KQML. Astfel, pastreaza abordarea KQML a
separdrii limbajului exterior de limbajul intern. Limbajul extern defineste semnificatia mesajului
destinat; limbajul intern sau continutul, denota expresia prin care interlocutorii 1§i exprima
convingerea, dorinta si intentia, asa cum e descris in semnificatia primitivd de comunicare.
In FIPA ACL, comunicrile primitive sunt denumite acte de comunicare. In ciuda diferentei in
denumire, criteriul de performanta KQML si actele de comunicare FIPA ACL sunt acelasi lucru.
Vladimir si altii [Vladimir 2007] face o trecere in revistd a limbajelor de comunicare intre agenti

si comunicarea Intr-un sistem de manufacturare condus de controlere PLC.

1.4 Sistemele CAD/CAPP/CAM actuale

Odata cu inventia masinilor CNC din anii 1950, s-au realizat dezvoltari enorme in cazul
capabilitatilor, preciziei §i vitezei masinilor. Astazi fabricile care produc magini cu 5 axe sunt
capabile sa prelucreze cu precizie parti complexe intr-un timp foarte scurt, fata de timpul necesar
pe masinile anterioare. In ciuda acestor progrese, in fabricile de masini limbajul de programare
utilizat este neschimbat, acelasi din anii 1960. Aceste limbaje de programare bazate pe coduri
G&M, reprezentate de standardul ISO 6983 sunt folosite pentru a defini miscarile sculei si
operatii simple de schimbare, pentru programarea de nivel mic a controlerelor CNC. O realizare
la nivel international este efectuata in directia dezvoltarii unui nou model si a unei noi abordari
pentru programarea masinilor CNC, care deschid calea cercetarii posibilitdtilor lor avansate cu o
mare usurinta si eficientd. Aceasta platforma este reprezentata de limbajul STEP-NC.

STEP-NC inlocuieste traditionalele coduri G&M folosite la programarea masinilor cu o
structurd de date ierarhica, care contine geometria produsului si pasii de lucru necesari pentru
procesare. In timp ce programele compatibile ISO 6983 contineau informatii despre construirea
pe parti, continutul noii structuri de date indicd ceea ce e necesar de efectuat pentru ca produsul
sd fie fabricat. Conform standardului STEP-NC, planul de lucru principal pentru fiecare piesa

este compus din cativa pasi de lucru. Pentru a atinge performanta maxima in STEP-NC, este
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necesar sa definim pasii de lucru existenti cupringi iIn modelul de date ierarhice, in ordinea
optimd. Una din functiile importante ale sistemului de planificare a procesului este de a detecta
conflictele si de a planifica eficient interactiunile dintre pasii de lucru si de a obtine ordinea
optima. Astfel este de dorit s existe un sistem automat capabil sa planifice procesul de fabricare
a fiecarei parti in mod optim.

In ISO 6983, standardul curent pentru controlul numeric, miscirile masinii sunt definite
in codurile G si instructiunile de schimbari simple sunt rezolvate folosind codurile G. Aceasta
metodd de programare a masinii, cauzeaza pierderea informatiilor initiale, care descriu produsul
de-a lungul procesului de fabricare. Geometria produsului, desenata cu ajutorul softului CAD,
este trecuta in softul CAPP si CAM, instructiunile de traiectorie a sculei si schimbarile specifice
unei masini individuale, sunt generate pentru a optimiza efortul de fabricare. lesirea In cazul
sistemului CAM consta doar din descrierea de nivel inferior a traiectoriei sculei, cu toate
caracteristicile geometrice si tolerante. Exista totusi un numar de probleme inerente la acest
proces traditional, una dintre ele fiind fluxul de date unidirectional [Xu 2004]. Aici, informatia
generata in sistemul CAD este trecutd in sistemul CAPP si apoi in sistemul CAM si in final, la
controlerul masinii pentru fabricare. Ca rezultat, la setul de date unidirectional, schimbarile
efectuate in partea finala a programului generate de sistemul CAM in atelier nu sunt reflectate in
produsul model existent in sistemele CAD/CAM. STEP-NC permite un flux bidirectional a
datelor. Deoarece caracteristicile $i geometria pieselor nu sunt pierdute in procesul de fabricatie,
schimbarile 1n atelier sunt imediat reflectate in modelele CAD/CAM, in figura 18 este prezentata

diferenta fundamentala.
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Fig. 18 Circulatia informatiei in sistemul STEP-NC [Nasehi 2005]

Stadiul actual al integrarii CAD/CAM/CNC

CIM (Computer Integrated Manufacturing este de obicei folosit pentru a se referi la orice
sistem tehnologic bazat pe calculator si utilizat in industrii variate. CIM include proiectarea
asistatd de calculator — computer aided design (CAD), fabricarea asistatd de calculator -
computer-aided manufacturing (CAM), fabricarea integratd pe calculator-computer-integrated
manufacturing (CIM), controlul numeric pe calculator - computer numerical control (CNC),
automated material handling (AMH) , automated storage and retrieval system (AS/RS); and
automated guided vehicles systems (AGVS).

In plus fata de sculele masinii de proiectare si fabricare, CIM include tehnici asistate de
calculator pentru managementul de fabricd, cum ar fi sistemul de informatii de management
(MIS), planificarea procesului asistat de calculator (CAPP), planificarea necesarului de material
(MRP), inteligenta artificiala (Al), etc. Starea curentd de cerinte este cd CIM va determina o
crestere industriald a intregii lumi 1n ultimele decade. Computer-aided design (CAD), computer-
aided manufacturing (CAM), flexible manufacturing systems (FMS), robotii, impreund cu
sistemele de cunoastere si cele bazate pe informatii si retelele de comunicatii se doreste sa atinga
o stare maturd pentru a raspunde eficient la cerintele de management ale fabricilor. Asa cum
arata Petros [Petros 2006] efectul folosirii mediului CAD/CAM 1in dezvoltarea firmelor este unul
deosebit sub aspectul performantelor. De asemenea, Sev si Grier [Sev 2008] subliniaza

importanta conceptului de CIM.
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In mod curent, pentru o firma de productie, a fabrica un produs pe masini diferite cu
controlere diferite si configuratii de scule, fisierele CAD sunt trimise sucursalelor companiei.
Fisierele sunt apoi interpretate de catre ingineri iar planurile de proces sunt generate in
concordantd cu configuratia particulard [ISO 1982, Hardwick 2001]. In figura 19 este prezentat
un lant tipic de integrare CAD/CAPP/CAM/CNC, folosit in mod curent. In acest lant, partea de
proiectare este calculatd folosind un soft CAD. Desenul CAD este apoi trecut pe softul
CAPP/CAM, folosind unul din standardele din industrie, de exemplu IGES, DXF sau STEP.
Softul CAPP/CAM determina apoi traiectoria sculei necesara pentru a fabrica piesa bazatd pe o
masind predefinitd, configuratia controlerului si a sculei. Un inginer de productie urmareste
procesul de generare al traiectoriei sculei si apoi verifica instructiunile generate, trecandu-le apoi
printr-un post procesor, care realizeaza optimizarea instructiunilor. Rezultatul este un figier de
instructiuni, care este executat de controller. Piesa este apoi fabricatd prin executare secventiald a
instructiunilor. Este de notat ca pentru fiecare configuratie a masinii, inginerul de productie
trebuie sd urmareasca si sd verifice generarea traiectoriei sculei.

In timp ce aceasti categorie de solutii poate fi practica in unele cazuri, sunt multe situatii
unde este nevoie sa transmitd cateva instructiuni specifice de fabricatie impreuna cu informatia
de geometrie a piesei, care nu este posibild prin modelele CAD. In plus, interpretarea locald a
modelelor CAD cu facilitati diferite poate rezulta in planuri de proces diferite pentru o piesa.
Yuan [Yuan 2008] propune un sistem de modelare a mediului integrat CAD/CAM bazat pe
constrangeri.

Standardul STEP a apérut ca o platformd comuna pentru transferul de date de inginerie si
de fabricatie. STEP-NC [Muller 2001] propune o structura de date ierarhice pentru informatia de
fabricatie. Lantul de integrare bazat pe planurile de proces STEP-NC a fost propus de catre

cercetatori [Weck 2001]. Un lant tipic de integrare se arata in figura de mai jos .
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Fig. 20 Sistem adaptiv de manufacturare
In lantul de fabricatie STEP-NC, proiectarea piesei este calculati folosind un sistem CAD

unde geometria piesei este construitd folosind caracteristici individuale din seturi de caracteristici
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bazate pe definitiile din STEP. Aceste fisiere CAD sunt apoi trecute in planificatorul de proces
STEP-NC, unde un plan de proces interoperabil STEP-NC este generat [Scarcelli 2001, ISO
2003]. Acest plan este apoi trecut in interpretorul STEP-NC, unde instructiunile masinii specifice
sunt generate in concordanti cu continuturile planului de proces interoperabil. In timpul
utilizdrii planului de proces interoperabil, inginerul de productie trebuie sa urmareasca generarea
planului de lucru pentru realizarea unei componente $i apoi resursele ingineresti in exces vor fi
eliminate.

Exista diverse incercdri de dezvoltare a STEP-NC, Suk-Hwan si altii [Suk-Hwan 2006 ]
prezintd un sistem STEP-NC pentru strung (numit TurnSTEP), incluzand un model de date
STEP-NC, filozofia de proiectare din spatele TurnSTEP. Modelul folosit a fost dezvoltat de o
echipd de cercetare de la National Research Laboratory din POSTECH, Corea de Sud si [ISW
Stuttgart University, Germania si formalizat ca ISO 14649 Partea 12 si Partea 121. Se arata mai

jos informatia reprezentatd de program, in noul standard propus.

¥1=PROJECT("EXECUTE EXAMPLEL',#2,(#4),5,5,5);
, #2= WORKPLANC"MAIN WORKPLAN', (£10,#11,#12,#13,#14),5,#8,5);
| #13= MACHINING_WORKINGSTEP('WS ROUGH GENERALREVOLUTION',
L G2 018 N0, 50
workpiece == #4= WORKPIECE('WP1', #6,0.010,5,5,5,00);
#6= MATERIAL("ST-50', 'STEEL', (#7));

#18= GEMERAL_REVOLUTION('GEMERAL_REVOLUTION 1',#1, (#20,%21),
feature || #194,#198,21.0,#200);. .~

| #20= {mmun]ugﬁnmsﬂ(s 1, 'ROUGH GEMERALREVOLUTIONL®,
operation l=| 35°000.% #2680 51 60 8130, 4150 #131.0.5);

(a) (b}

#200=GEMERAL_PROFILE(S, #201);

‘ ¥201-POLYLINEC'* , (§202,0203 9204, 0205 ,#206)) 5
#202=CARTESTAN_POINTC' ", (21, 000,0.000, §.00017;
| #2B0=TURNING_MACHINE_TOOL(' ' ,#281, (#283),120,40,5) |
#2B1=GEMERAL_TURNIMG_TOOL (#2282, .LEFT. 40 &0, .CW.7);
Fo0=TURNING_MACHINE_FUNCTIONS(.T.,.5,.5,00,.F.,5,5,03,5,5,5);
technology r=| #H1=TURNING_TECHNOLOGY ($, . TCP. , #62,0.300, .F., .F.,.F.,$); |

ERDSEC,

Part geometry Information contents of STEP-NC part program

Fig. 21 Exemplu de program piesa in STEP-NC

De asemenea. Xu[Xu 2004] concluzioneaza ca prin intermediul folosirii STEP-NC, toate
informatiile din CAD/CAM si cele descriind CNC-ul pot fi stocate unitar si fiecare controler NC
are acces la aceste date, iar programarea si controlul NC-ului fiind mai facil. in comparatie cu
limbajul G-code folosit actual, aga cum se arata in figura 22.

Diferiti autori studiaza i,bunatatiri ale standardului STEP-NC, cum ar a lui Rameshbabu
V. si Shunmugam M.S [Rameshbabu 2007], care au dezvoltat un sistem hibrid de recunoastere a
modelului CAD. Teoria grafurilor este folositd pentru dezvoltarea algoritmului propriu de
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recunoastere dezvoltat in limbajul C++. Existd si abordari care presupun o noud arhitecturd a

controlerelor pentru a implementa STEP-NC [Minhat 2008].

Current Situation Mew Interface
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Fig . 22 Comparatie programare G-code fatd de STEP-NC
Nassehi [Nassehi 2006] introduce conceptul de multi agent in programare, cu ajutorul
STEP-NC construieste o platforma numitda MASCAPP. Astfel fiecare agent are responsabilitatea

de a identifica cerintele de fabricatie pentru o anumitd caracteristica a produsului.

1. 5 Concluzii
Prezenta cercetare  isi propune sa studieze domeniul sistemelor de fabricatie
reconfigurabile, avand in vedere urmatoarele idei cheie:
o magina de manufacturare reconfigurabila este alcatuitd din module autonome

corespunzatoare pentru fiecare grad de libertate, comandate holarhic.

o geometria sculei care genereaza suprafata piesei prelucrate sd fie periodic

identificata, pe baza abordarii holonice a scenei reprezentatd de imaginea sculei.

o pozitionarea sculei generatoare in traiectoria pe care aceasta o parcurge in scopul
infasurarii suprafetei generate sa fie stabilita prin pozitionarea optima si sa fie

determinatd pe baza modelarii holonice a cinematicii procesului.

Obiectivul general este ca, pe baza ideilor de mai sus, sa se atingd urmatoarele tinte:
o dezvoltarea unei noi conceptii privind dezvoltarea unei concept de control pentru

sistemele de fabricatie reconfigurabila;
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o dezvoltarea unei noi metode de modelare a cinematicii;

o verificarea experimentald a metodelor si conceptelor dezvoltate si conceperea
unei clase de masini de unelte reconfigurabile care sd integreze rezultatele

cercetarilor teoretice intreprinse in cadrul lucrarii.
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CAPITOLUL II
CONCEPEREA UNE METODE DE RECONFIGURARE RAPIDA
A SISTEMULU DE COMANDA NUMERICA AL MASINII.
DEZVOLTAREA UNUI SISTEM DE PROGRAMARE A MASINII
BAZAT PE TASKURI

2. O noua conceptie privind conducerea sistemelor tehnologice

reconfigurabile — conducerea bazata pe planificare reactiva

2.1. Formularea problemei

Procesul tehnologic cuprinde o succesiune de operatii, fiecare operatie presupunand ca un anumit
sistem tehnologic sa parcurga un anumit ciclu de lucru. La randul lui, ciclul de lucru al sistemului
tehnologic presupune parcurgerea unui numar de subcicluri care, in cazul unei masini cu comanda
numerica, reprezinta incursiuni de prelucrare ale sculei.

In cazul masinilor CNC clasice, fiecare ciclu de lucru era comandat de un program-piesa, in care se
descrie separat fiecare subciclu component. In figura 1 se prezinta forma initiala si finala a
semifabricatului unei roti dintate, precum si schitele celor trei subcicluri, ce compun operatia de
strunjire a acesteia.

Specific pentru fiecare subciclu este faptul ca scula parcurge un anumit traseu, pornind mereu dintr-

0 anumita pozitie si revenind intotdeauna in exact aceeasi pozitie.
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=

Fig. 1 Reprezentarea subciclurilor necesare pentru operatia de strunjire a unei roti dintate;

P1

P3
b)

P2
d)

a) forma initiala si finala a semifabricatului;

b), ¢), d), cele trei subcicluri ce compun operatia de strunjire

In figura 2 se prezinta schema unui subciclu, in care are loc strunjirea unui grup de suprafete.
La initializarea ciclului de lucru al masinii, scula pleaca din punctul de referinta al masinii RP si se
deplaseaza in pozitia de start a sculelor SP. Dupa selectarea sculei curente, capul revolver se
deplaseaza pentru prelucrarea grupului de suprafete, asa cum sub-ciclul a fost descris in programul
piesa. Sarcina de prelucrare constd in prelucrarea grupului de suprafete avand profilul definit de
punctele 1...6, cu scopul de a satisface exigentele cu privire la precizie si rugozitate. Pentru
respectarea acestor exigente, programatorul alege parametrii tehnologici adecvati, pentru fiecare
secventd a traseului, §i precizeaza aceasta in programul-piesa. Astfel, dacd, de exemplu pentru
secventa 1-3, sunt prevdzute anumite valori pentru precizie si rugozitate, diferite fatd de valorile
prevazute pentru secventa 3-5, atunci parametrii tehnologici alesi pentru cele doua secvente vor avea

valori diferite.
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Fig. 2. Schema unui subciclu, tipic pentru procesele de strunjire
Proiectarea operatiei ce urmeaza a fi executatd se finalizeaza cu elaborarea urmatoarelor trei
documente:
- un desen care prezinta pozitiile sculelor in capul revolver;
- un desen care prezinta pozitia piesei in raport cu sistemul de referinta al masinii;
- programul-piesa, scris In limbajul ISO G-code.
Programul-piesa este citit si interpretat de un interpretor, specific masinii unelte respective, iar datele
obtinute de interpretor sunt transmise unui sistem de comanda, de asemenea specific.

In cazul sistemelor de prelucrare reconfigurabile, o asemenea abordare ar fi nepotrivita intrucat
la acestea apare necesitatea ca, inainte de executarea operatiei tehnologice, sa aiba loc operatia de
reconfigurare a sistemului in acord cu sub-ciclurile de lucru ce compun respectiva operatie
tehnologica.

Reconfigurarea sistemului tehnologic cuprinde reconfigurarea hardware (amplasarea modulelor
hardware), reconfigurarea controlului si reconfigurarea software, actiuni care nu sunt descrise in setul

de documente prezentate mai sus, pe de o parte, si, pe de alta parte, aceste actiuni sunt mari
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consumatoare de timp, ceea ce face prohibitiva utilizarea sistemelor tehnologice reconfigurabile in
cazul unor serii mici de fabricatie. In plus, daca am utiliza tehnologia actuala a CNC-urilor ar insemna
ca, practic, la o noua configuratie hardware este necesard o noud conceptie a masinii, din punct de
vedere al controlului si al software-ului. Intr-adevar, asa cum ardtam mai jos, atat partea de control cat
si cea software a masinii sunt nepotrivite pentru sistemele de prelucrare reconfigurabile.

In ceea ce priveste controlul, in cazul clasic acesta se realizeazi prin intermediul mai multor
controlere, de obicei PLC-uri, care sunt programate in functie de configuratia masinii. Acestea, la
randul lor, transmit comenzi cétre variatoarele motoarelor sau primesc date de la senzorii instalati pe
masina tehnologica. In cazul RMT-urilor, fiecare configuratie cinematici a masinii ar determina noi
parametri stocati in PLC-uri, cum ar fi limitele curselor, rotatia maximd a motoarelor etc., ceea ce ar
presupune o reprogramare a PLC-urilor la fiecare noud configuratie. Cantitatea de legaturi fizice intre
senzori, PLC-uri, variatoare, etc. este un alt impediment, intrucat ar necesita timp considerabil pentru
constituirea configuratiei de control.

In ceea ce priveste software-ul, in cazul sistemelor CNC clasice, un interpretor realizeazi
translatarea programului scris de operator in limbajul ISO G-code in comenzi codificate catre PLC.
Aceste comenzi se incarcd in PLC si apoi ruleaza in acesta, conform unei corespondente intre codurile
comenzii si actiunea programati in controler. In cazul RMT, la o noua configuratie, numirul de axe,
caracteristicile acestora se modifica, ceea ce face ca, daca se mentine aceeasi structura a sistemului de
control, interpretorul ar trebui sa fie reconfigurabil in asa fel incat sd se adapteze la noua structura de
control a maginii. Reconfigurarea interpretorului este insa o operatiune costisitoare intrucat dureaza
relativ mult timp si trebuie executata de un personal specializat, operatorul de la masina neputand sa
execute aceasta operatie.

Un alt aspect software specific sistemelor tehnologice controlate numeric este continutul
programului piesa si limbajul in care acesta este elaborat. Actualul continut al programului-piesa si
actualul limbaj de programare a masinilor CNC ( ISO G-code) prezinta urmatoarele dezvantaje:

a) Interventia operatorului in conducerea procesului, ca urmare a monitorizarii, poate
consta doar in modificarea parametrilor procesului sau a constantelor programului; dupa
modificare, atit parametrii cat §i constantele ramén fixe in continuare pe tot parcursul executarii
respectivei fraze. De exemplu, 1n cazul unei fraze ce comanda strunjirea unei suprafete cilindrice,
modificarea corectiei de sculd implicd modificarea diametrului pe toatd lungimea acesteia; ca

urmare, o eroare manifestatd prin conicitatea suprafetei cilindrice nu poate fi corectatd. De

58



Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

asemenea, valoarea avansului la prelucrarea acestei suprafete va fi intotdeauna constantd, desi
adaosul de prelucrare variaza in lungul axei suprafetei.

b) Programul piesd cuprinde prezentarea actiunilor ce trebuie comandate pentru ca,
parametrii de calitate §i eficientd ai produsului sa fie cei impusi. Aceasta Inseamna ca
programatorul trebuie sd cunoascd cu precizie relatia dintre argumentele functiilor programate si
parametrii de calitate ai produsului; orice eroare a programatorului este subiect de corectie online
aplicata de operator.

c) Modificarea programului piesa este determinata de variatia marimilor de stare, sesizata in
cursul monitorizarii, dar variatia in timp i spatiu a comportarii sistemului de manufacturare nu
determina vreo modificare a programului piesd; altfel spus, conducerea nu este adaptiva, intrucat nu
implicd reconstructia periodicd a modelului matematic care leagd actiunea de modificare a
programului cu variatia monitorizata a variabilelor de stare.

Problema care trebuie rezolvata este de a proiecta o arhitectura de control si software noua, in
asa fel incat implementarea sistemelor de prelucrare reconfigurabile sd fie rationala, indiferent de
marimea seriei de fabricatie.

Scopul cercetarilor este acela de a dezvolta tehnici pentru a conduce o masina unealta CNC
reconfigurabild, astfel incat efortul de programare sd fie diminuat, pe de o parte, iar pe de alta
parte, conducerea sd fie optimald, in sensul cd, In conditiile satisfacerii unui set de restrictii,
productivitatea procesului sa fie maxima iar costul minim, dar si adaptiva in sensul ca sa tina
cont de evolutia 1n timp si spatiu a comportarii sistemului si a caracteristicilor semifabricatului.
2.2. Conceptul de conducere bazata pe planificare reactiva

In scopul rezolvarii problemei prezentate la punctul precedent, propunem abordarea
conducerii masinii unelte CNC reconfigurabila pe baza unui nou concept, pe care l-am denumit
conducere bazata pe planificare reactiva.

La nivel conceptual, conducerea bazatd pe planificare reactivd se bazeaza pe realizarea si
exploatarea unui produs software, specific cuplului sistem tehnologic - operatie de prelucrare, ce
este compus din doua module. Primul modul va fi numit Modulul software de planificare reactiva
a ciclului de lucru, iar al doilea va fi numit Modulul software de evaluare a parametrilor
modelului cuplului operatie tehnologica - sistem tehnologic.

Primul modul are la intrare caracteristicile semifabricatului, ale piesei finite si ale
sistemului tehnologic, iar la iesire furnizeaza succesiunea stdrilor prin care trebuie sd treaca

sistemul tehnologic, pentru ca semifabricatul s fie transformat in piesa finita. Aceasta succesiune
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a starilor reprezinta descrierea discretd a ciclului de lucru al sistemului tehnologic, corespunzator
respectivei operatii de prelucrare.

Fiecare variabila de stare descrie starea unuia dintre modulele componente ale sistemului
de prelucrare reconfigurabil. Spre exemplu, coordonatele X si Z ale unui sistem tehnologic de
strunjire sunt variabilele de stare ale modulelor ce asigura deplasarea longitudinala si deplasarea
transversald a sculei in cursul procesului de strunjire. Starea la un moment dat a sistemului
tehnologic in ansamblul sdu este descrisd de setul valorilor momentane ale variabilelor de stare
corespunzatoare tuturor modulelor componente. In acord cu conceptul de conducere bazata pe
planificare reactiva, produsul software, specific ansamblului sistem tehnologic — operatie de
prelucrare, furnizeaza la iesire seturile succesive de valori momentane ale variabilelor de stare,
corespunzatoare tuturor modulelor componente ale sistemului tehnologic.

Pe de alta parte, aceste valori momentane ale variabilelor de stare reprezintd valorile de
referinta ale buclelor interne de control, care asigura controlul modulelor componente. In acest
fel, comanda oricaruia dintre modulele componente consta doar in simpla modificare online a
valorii de referinta.

O unitate de control logic transmite buclelor de control ale modulelor valorile variabilelor
de referintd, rezultate la iesirea din produsul software specific. Fiecare set de valori ale
variabilelor de referinta reprezintd un punct in traiectoria pe care variabilele de stare ale
sistemului tehnologic o parcurge in cursul deruldrii complete a unui ciclu de lucru, in cursul
caruia are loc prelucrarea completd a unui exemplar din lot.

Daca, atat caracteristicile semifabricatului, cat si cele ale sistemului tehnologic, nu ar varia
in cursul prelucrarii Intregului lot de piese si daca valorile acestora ar fi perfect cunoscute inca de
la Inceput, atunci succesiunea starilor prin care trebuie sa treacd sistemul tehnologic, pentru ca
semifabricatul sa fie transformat in piesa finitd, ar ramane constant pe tot parcursul prelucrarii
lotului de piese.

Cum, in realitate, aceste lucruri nu se confirmd, apare necesitatea ca, in cursul derularii
procesului de prelucrare, sistemul tehnologic sa fie monitorizat, folosind un ansamblu de senzori
adecvati, iar datele astfel obtinute sa fie folosite pentru evaluarea periodica a unora dintre
caracteristicile semifabricatului si/sau ale sistemului tehnologic, caracteristici care au functia de
parametri ai modelului cuplului operatie tehnologica - sistem tehnologic. Aceasta evaluare este

realizata de cel de-al doilea modul al produsului software, specific cuplului sistem tehnologic -
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operatie de prelucrare, numit Modulul software de evaluare a parametrilor modelului cuplului
operatie tehnologica - sistem tehnologic.

Dacé valorile actualizate ale parametrilor difera fatd de valorile initiale, atunci Modulul
software de planificare reactiva a ciclului de lucru este rulat din nou, avand la intrare valorile
actualizate ale acestor caracteristici. Va rezulta o noud planificare a starilor succesive prin care
trebuie sa treacd sistemul tehnologic pentru a prelucra unul dintre exemplarele din lot.
In continuare, unitatea de control logic va furniza buclelor de control ale modulelor componente
noi serii de valori ale variabilelor de referinta.

Aceasta modificare permanentd a planificarii, ca reactie la evolutia caracteristicilor
semifabricatului, piesei si sistemului tehnologic, reprezintad esenta conceptului de conducere
bazatd pe planificare reactiva.

In figura 3 se prezintia schema conceptuald a conducerii bazati pe planificarea reactiva.
Caracteristicile definitorii ale semifabricatului, aldturi de valorile actuale ale parametrilor
modelului, sunt introduse in Modulul software de evaluare a parametrilor modelului cuplului
operatie tehnologica - sistem tehnologic, ce ofera la iesire valorile actualizate ale variabilelor de
control ale sistemului, valori care care sunt apoi transmise la Unitatea de control logic. In
continuare, Unitatea de control logic realizeaza transmiterea de comenzi catre modulele
hardware.

Sistemul de monitorizare, care poate cuprinde o gama adecvata de senzori pentru forta,
acceleratie, etc., transmite informatia citita spre a fi folosita pentru evaluarea valorilor actualizate
ale parametrilor modelului cuplului operatie tehnologica - sistem tehnologic.

Asa cum s-a aratat mai sus, ori de cate ori valorile parametrilor acestui model se schimba,

variabilele de control sunt actualizate in consecinta.
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Fig.3 Schema conceptuald a conducerii bazata pe planificarea reactiva

Afirmam ca arhitectura de control propusa se potriveste conducerii sistemelor de prelucrare
reconfigurabile, bazdndu-ne pe urmatoarele argumente:
- unitatile componente ale sistemului de control nu se modificd in niciun fel la o noua arhitectura
sau la procesarea unei noi familii de piese.
- arhitectura modulara care presupune controlerul incorporat pe modulul hardware raspunzator de
bucla de control ,close loop’ permite controlarea acestuia in orice configuratie.
- modulul software de control numit Modulul software de planificare reactiva a ciclului de lucru
permite controlul arhitecturii hardware indiferent de arhitectura hardware.

Deosebim avantajele acestui concept de conducere dupa cum urmeaza.

- Planificarea este supusd unor criterii astfel incat traiectoria stdrilor succesive ale
sistemului sa fie optima ( de exemplu, din punct de vedere al productivitatii sau al preciziei). Intr-
adevar, conceptul de conducere are caracteristicile de conducere optimald, pentru ca sistemul nu
se conduce dupa o traiectorie a marimilor de stare precizata de programator (asa cum este cazul in
prezent), ci se conduce pe baza rezultatelor obtinute in urma rularii unui modul software care
asigura ca o anumita functie obiectiv s fie extremizata.

- De asemenea, tipic pentru aceastd manierd nu se planificd modul in care sa decurga
procesul ci se planifica rezultatele dorite (de exemplu, valorile rugozitatii). Astfel se urmeaza
ideea de a conduce sistemul prin afirmatia “nu cum trebuie condus procesul, ci ce trebuie sa
rezulte in urma procesului”.

Concluzionam ca, potrivit acestui concept, conducerea are: a) caracter optimal — intrucat se
urmdreste maximizarea functiei obiectiv; b) caracter adaptiv — intrucat se modificd online

modelul sistemului pe baza caruia acesta este condus.

62



Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

2.3. Controlul individual al fiecarui modul

Sistemul de prelucrare are structura unui robot cu mai multe brate; de exemplu, un brat
tine §i roteste piesa, alt brat tine piesa si al treilea brat tine scula sau masoara dispozitivul. Fiecare
grad de libertate este dat de un modul. De exemplu, un modul hardware cinematic este descris in
figura 4. Acest modul hardware realizeaza un grad de libertate care constd intr-o miscare de
translatie. Are un actuator, pentru executarea miscarii de translatie, un efector, senzori pentru
monitorizarea variabilelor de stare ale modulului hardware ( de exemplu, pozitia efectorului).

Un modul hardware, asa cum se arata in figura 9, este compus din efector, senzori si
motor, care sunt controlate de un controller incorporat pe modulul hardware, raspunzator de
controlarea pozitiei modului. Spre deosebire de actuala arhitectura hardware CNC, unde
controllerul PLC gestioneazd simultan comanda motoarelor si a diferitilor senzori din sistem,
controllerul incorporat nu are decat o functie i anume de a gestiona pozitia efectorului printr-o

bucla de control inchisd Acest controller comunica printr-o magistrald de comunicatie cu PC-ul.

Senzor
R
Magistrala
comunicatie
Efector PC
—_
Motor

Modul
i hardware
Sursa de
curent

Fig.4 Modulul hardware generic
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La nivelul fiecarui modul se face comanda independent, fara ca un modul sa ’cunoascd’
pozitia altui modul.

Viteza cu care se pozitioneaza in punctul curent comandat depinde de marimea diferentei
distantei. in functie de sensul si marimea diferentei, se comanda motorul, cu o vitezad mai mica,
sau mare, in functie de marimea diferentei, asa cum se aratd 1in figura 5, spre deosebire de alte

sisteme de control, pentru care legea de variatie pentru viteza e data.

Vmax

>
Dx=Xt-Xc
Fig. 5 Legea de control a vitezei: Xt — pozitia comandata a modulului; Xc este pozitia curenta a

modulului si V este viteza de deplasare din pozitia curenta in pozitia de referinta

2.4. Comanda structurii modulare in ansamblul ei

Asa cum am aratat mai sus, Unitatea de control logic care realizeaza comanda catre module are
ca iesire un set de date reprezentat mai jos Intr-un tabel. Coloana timp §i cea corespunzatoare
modulului reprezintd traiectoria descrisd In timp pentru un modul. Sistemul se conduce prin
comandarea independenta a modulelor, acestea avand fiecare un sistem de comunicatie cu
Unitatea de control logic. Asa cum am aratat mai sus nu exista legatura intre module, alta decat
UCL, care furnizeaza simultan comenzi tuturor modulelor.

De exemplu, sa consideram o masina de prelucrare reconfigurabila reprezentata de un strung,
care este previzut cu un grad de libertate suplimentar (figura 6). In aceasta configuratie avem o
sanie transversald, una longitudinalad si un modul de rotatie pentru pozitionarea sculei. Comanda
catre module consta 1n tabelul care reprezintd evolutia in timp a valorilor corespunzatoare care

sunt comandate pe rand. In timpul functiondrii, valorile corespunzatoare variabilelor de control
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sunt modificate datorita schimbarii comportdrii sistemului. De exemplu, o schimbare a
comportdrii sistemului, ar fi 1n cazul unui proces de aschiere, cand forta creste, ceea ce ar putea

duce la o instabilitate a sistemului.

Fig. 6 Arhitectura propusd pentru strungul reconfigurabil
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Variabile de control

Nr Dt & X Z g
1 0,1

2 0,18 ! :

3 0,21 : :

Modul hardware Modul hardware
rotatia sculei translatia transversala

Fig. 7 Variabilele de control care se comanda modulelor
Asa cum se arata in figura 7, sistemul se controleaza prin intermediul binomului timp — valoare
variabila de control. Astfel, la timpul calculat, Unitatea de control logic comanda valorile
variabilei de control corespunzitoare modulului hardware. In figura de mai sus se surprinde
situatia de la timpul 0,1s, cand UCL comandd modulelor hardware corespunzétoare pentru rotatia
sculei si translatie transversald, noile valori a variabilelor de control. In continuare, se comanda
succesiv, corespunzator coloanei timp fiecare modul la 0,18 s, 0,21, s.a.m.d. Prin planificare nu se
programeaza viteza prin specificare directd de catre programator, ci aceasta rezultd prin

modificarea starilor care determina starea sistemului.

2.5 Elaborarea unei noi metode de programare a sistemelor tehnologice si

aplicarea acesteia la sistemele tehnologice conduse prin planificare reactiva

In cele ce urmeaza se prezinta o noua metoda de programare a sistemelor tehnologice
care se bazeaza pe o noua abordare a relatiei intre programarea masinii si controlul operational al
acesteia, pe de o parte, si a relatiei dintre programator si operator, pe de alta parte. Potrivit
acestei abordari programarea masinii consta in chiar realizarea sistemului software al acesteia

folosind un mediu de programare specific. Conform noii abordari, programatorul trebuie sa
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parcurgd mai multe etape pentru procesarea semifabricatului. Etapele care trebuiesc parcurse de
catre programator in scopul executdrii unei sarcini sunt aga cum se arata in figura 8.

Operatorul trebuie sad proiecteze piesa, apoi 1n stadiul de CAPP, se procedeazad la
impartirea task-urilor, urmatd de modelarea cinematicii pentru prelucrarea piesei. Fiecare
operatie este Impartitd in task-uri, iar fiecdrui task i se asociaza cerintele impuse corespunzator
suprafetei care o reprezinta.

Modelarea cinematicii procesului de prelucrare presupune calcularea pozitiilor succesive ale
modulelor sistemului de prelucrare reconfigurabil pentru realizarea semifabricatului, in asa fel
incat sa sa satisfacd conditia de maximizare a functiei obiectiv. In urma acestei modelri rezulta
un algoritm de planificare reactiva parametrica.

Modelarea geometriei sculei este etapa in care se identificd geometria sculelor care urmeaza a fi
folosite. In continuare, programatorul trece la faza de configurare a masinii, care presupune
alegerea modulelor necesare efectudrii operatiei curente. In functie de traiectoriile necesare
pentru executarea fiecarui task, se aleg modulele care compun masina, rezultdnd programul
masina. Avand modelul cinematic al maginii, se genereazd documentul tehnologic, numit in
abordarea noastra - program piesa. Programul piesa care rezultd nu are structura unui program
in acceptiune prezentd, de cod scris, care descrie comportarea de-a lungul functiondrii masinii, $i
care urmeaza sd fie executat. Acesta reprezintd un model software care va genera comenzile
transmise Unitatii de control logic si care vor fi diferite in functie de comportarea sistemului.
Programul piesa include algoritmul de planificare reactiva parametricd rezultat prin modelarea
holonicd a cinematicii. Programul magsina si programul piesa formeaza Modulul software de
evaluare a parametrilor modelului cuplului operatie tehnologica - sistem tehnologic, un modul

software care ruleazd pe PC-ul industrial de pe sistemul de prelucrare reconfigurabila.

67



Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

Sistemul de prelucrare reconfigurabil
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Fig. 8 Etapele parcurse de programator si schema simplificata a conducerii sistemului de
prelucrare reconfigurabil

Schema conceptuala a conducerii sistemelor tehnologice reconfigurabile prin planificare
reactivd, aga cum se aratd 1n figura 9, respectd conceptele propuse si cuprinde actiunile descrise
mai inainte. In figura se observa impartirea conducerii sistemelor de prelucrare reconfigurabila
in doud etape, una care reprezinta faza de proiectare iar cealalta reprezintd faza de procesare.

In faza de proiectare, asa cum am aritat anterior, se definesc operatiile si se structureazi
fiecare task, urmand ca modelul ciclului masinii sa fie folosit in faza de construire a programului
piesa. Configurarea structurii hardware este realizata avand 1in vedere succesiunea task-urilor
definite si se construieste modelul solid al sistemului de prelucrare, model care, impreuna cu
modelul parametric al operatiei, ruleaza in Modulul software de evaluare a parametrilor

modelului cuplului operatie tehnologica - sistem tehnologic.
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Planificarea reactiva parametrica a operatiei este etapa de construire a programului
piesa prin care se construieste modelul parametric al operatiei care va fi parte, de asemenea, a
Modelului software al ansamblului operatie tehnologica — sistem tehnologic.

In faza de procesare, modulul software realizeazi planificarea operatiei prin actualizarea
setului de date reprezentand valorile variabilelor de control cétre Unitatea de control logic, care
procedeazad la transmiterea acestora la intervale precizate de informatia timp corespunzatoare
fiecarui set. Sistemul de monitorizare transmite date care sunt procesate n Modulul software de
evaluare a parametrilor modelului cuplului operatie tehnologica - sistem tehnologic, fapt ce
genereazd actualizarea valorilor curente ale parametrilor de planificare pentru urmétoarele

coordonate de stare ale sistemului.
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Fig. 9 Schema conceptuala a conducerii bazata pe planificarea reactiva a sistemelor de fabricatie reconfigurabile
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2. 6 Structura programului masina. Structura programului piesa.

In ceea ce priveste programarea masinii se propun doud documente tehnologice
corespunzatoare reconfigurarii masinii tehnologice si a executarii operatiei tehnologice pe
masind. In acest sens, in faza de configurare a masinii se are in vedere piesele sau familiile de
piese ce vor fi prelucrate si cu ajutorul unui limbaj vizual, se alege si se testeazd diferite
module pentru a realiza o configuratie potriviti. In faza de proiectare a procesului tehnologic
se foloseste un limbaj vizual pentru proiectarea operatiei, aga cum se aratd in figura...

Se propune 1in continuare o metodd de reconfigurare rapida a sistemelor de control
numeric, bazata pe ideea separarii nete a sistemului de control al fiecarui modul component al
masinii de interpretorul programului piesi. In locul arhitecturii clasice, utilizati pentru
controlul numeric al masinilor unelte, a fost dezvoltatd o arhitectura noud, mult simplificata,
care are la baza o unitate de control logic. Operatia de reconfigurare a masinii unelte include
reconfigurarea hardware a acesteia si setarea unitatii de control logic. A fost conceput un limbaj
de nivel inalt destinat pentru programarea operatiei de reconfigurare a masinii.

Analog programului masind, se propune o noud metoda de programare a masinii in
vederea executdrii operatiei tehnologice, la care programul piesd rezultd in mod automat 1in
urma simuldrii de catre programator a respectivei operatii si s-a nlocuit limbajul ISO G-code
cu un limbaj de nivel mai Tnalt, care are la baza structurarea pe task-uri a operatiei tehnologice.
De asemenea, se propune schimbarea documentului tehnologic numit program piesa, folosit in
prezent, cu unul exclusiv digital care contine patru grupe de informatii: fisiere cu date CAD,
imaginea scripticd a operatiei, algoritmul de conducere al masinii corespunzator fiecarui task,

reprezentarea vizuald a operatiei de reconfigurare a masinii si prelucrarea piesei.
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Unitatea bimbajul visual pentru configurarea
software pentru hardware Programator
configuratia ?

hardware

v Limbajul script pentru configurarea hardware - Programul
. ) ] masina

. Limbajul vizual

Unitatea

B pentru descrierea
SiranIarea tackirilor Programator
procesului

Limbajul scriptic pentru descrierea Programul
task-urilor piesa
\)
| Etapa de
,,,,,,,,,,,,,,, \ ...y __ proiectare
I
v Etapa de
Logic control operare
unit
. Constantele
Lista algoritmului de
v Csv scheduling
actualizate
[Module 1] [Module 1]

Module 1

Masina RMT

Fig. 10 Schema etapelor de proiectare si operare

Programul magsina

Algoritmul de procesare a datelor pentru construirea programului-magina presupune ca
programatorul sa parcurga urmatoarele etape:
1) Importd modelul CAD al piesei sau al familiei de piese care se vor prelucra;

2) Imparte traiectoria care trebuie parcursi in mai multe segmente. Conform noii conceptii,

aceste segmente sunt task-urile de realizat.

3) Importd si incearcd diverse module cu parametrii cinematici si geometrici aferenti.
Simuleaza traiectoriile care trebuiesc executate pentru procesarea piesei.

4) Alege acele module care permit parcurgerea fiecarui task;

Programul masina cuprinde mai multe seturi de informatii (figura 11) precum urmeaza:
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i) programul scriptic, care este generat automat de catre mediul vizual 1in care
programatorul simuleaza si alege configuratia masinii, fiind incluse informatii de
geometrie §i cinematica. De asemenea, imaginile scriptice care sunt necesare pentru

elaborarea programului piesa i se asociaza;

ii) o imagine digitald a structurii hardware a maginii, pentru reprezentarea etapelor de
fixare a modulelor, in scopul intelegerii facile de catre operatorul care urmeaza sa

asambleze masina si
iii) lista de module folosite si caracteristicile lor.

In faza de elaborare a programului piesd este necesar sd se cunoascad atat caracteristicile
geometrice §i cinematice cat si caracteristicile generale ale sistemului (turatie maxima a

motorului, avansul maxim, momentul maxim, etc.).

Programul
masina
v
Lista de module : -
i Imaginea Reprezentarea digitala a
L scripica a animatiei procesului de
caracteristicile , -
lor configuratiei asamblare

Fig. 11 Partile constitutive ale programului masina

Exemplu de imagine scripticd generata automat de mediul vizual :
WorldReference(X,Y,Z)

Set.Module23.At(X,Y);

Set.Module45.0n.Module23.At(X,Y);

Set.Module98.At(X,Y);
Set.Module45.0n.Module98.At(X,Y).Angle(FX).CW

Programul piesa
Algoritmul de procesare a datelor pentru construirea programului-piesa presupune, dupa

ce s-a realizat programul-masind, ca programatorul sd parcurgd urmatoarele etape:
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1) Importa programul — masina, care reprezintd configuratia curenta a masgini;.

2) Importd modelul CAD al sculei, care este cunoscut;

3) Importa modelul CAD al semifabricatului de procesat si imparte traiectoria care trebuie
parcursa 1n mai multe segmente. Conform noii conceptii aceste segmente sunt task-urile de
realizat.

4) Pentru fiecare task, programatorul precizeaza cerintele impuse pentru suprafetele
corespunzitoare fiecarui task. In acest sens, se introduc informatii cum ar fi rugozitatea si
toleranta.

5) Programatorul introduce modelul CAD (nominal) al semifabricatului, urmand ca, in
etapa de testare, sa 1i modifice profilul, pentru a simula profilul real al semifabricatului.

6) Introduce caracteristicile materialului de prelucrat.

7) Testeaza si simuleaza procesul, considerand cunoscut profilul semifabricatului (in etapa
de operare, semifabricatul urmeaza a fi masurat pe masind), profilul nominal al piesei finite.
Testarea are ca obiective gasirea unor succesiuni de task-uri, in asa fel incat sa nu existe
probleme de coliziune si gasirea unor scule potrivite cu cerintele impuse produsului finit.

8) Odata stabilite succesiunea task-urilor si sculele potrivite pentru procesare, se

procedeaza la construirea automata a codului care constituie programul piesa.

Programatorul nu stabileste parametrii tehnologici ai procesului, ci doar succesiunea task-
urilor si cerintele impuse piesei finite. De asemenea, acesta nu construieste scriptic succesiunea
de task-uri, ci o parcurge intr-un mediu vizual, In care amplaseaza sculele in configuratia
curentd, 1n asa fel incat sd nu se produca coliziuni, stabileste pentru fiecare task cerintele,
introducand in segmentul corespunzator taskului valorile limitelor impuse produsului, precum
si alte informatii.

Documentul tehnologic numit program piesa, folosit in prezent, este unul exclusiv digital,
care contine patru grupe de informatii (figura 12): fisiere cu date CAD, imaginea scriptica a
operatiei, algoritmul de conducere al masinii corespunzator fiecarui task, reprezentarea vizuala

a operatiei de reconfigurare a masinii si prelucrarea piesei.
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Programul
piesa
Imaginea Algoritmul de
queIuI_C_AD scriptica a conducere pentru Repre_zentarea
piesa finita procesului flecaratask digitala a
animatiei

procesului, si a
indicatiilor de
montare a piesei

Fig. 12 Partile constitutive ale programului piesa

In programul scriptic, care este generat automat de citre mediul vizual in care
programatorul a lucrat, se precizeaza task-urile iar pentru fiecare task se atagseaza modulul soft
corespunzator pentru conducerea operationald a masinii unelte in cursul executarii taskului,
care cuprinde si parametrii tehnologici de conducere.

Asa cum se aratd mai jos, sintaxa programului cuprinde informatii §i instructiuni
corespunzatoare pasilor parcursi de programator pentru definirea succesiunii task-urilor.
De exemplu, se stabileste Taskul 1, ca fiind corespunzitor traiectoriei intre punctele P1 si P2,
cu cerintele impuse piesei finite, reprezentate de rugozitatea Rz si limitele superioard Ts si
inferioard 77 ale cAmpului de tolerantd. Se mai precizeaza caracteristicile materialului, MatCh,
si cele ale sculei, Tooll. De asemenea, se precizeaza actiunile auxiliare, cum ar fi de exemplu
deplasarea rapida, schimbarea sculei, pornirea lichidului de racire. Mai jos, se prezinta un
model de imagine scripticd a programului piesa.

Define P1(X,Y,Z)

Define P2(X,Y,Z)

Define P3(X,Y,Z);

FastPos(X,Y,Z)

ChangeTool(Tooll)

StartCoolant
Task1(P1,P2)(Rz,Ts,Ti,MatCh,Tooll)
Task2(P2,P3)(Rz,Ts,Ti,MatCh,Tooll)
Stopcoolant

FastPos(X,Y,Z)

Changetool(Tool2)
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Task1(P3,P4)(Rz,Ts,Ti,MatCh,Tooll)

Operatorul primeste informatia in format digital reprezentand programul- piesa. Spre
deosebire de momentul actual, cand acesta primeste un desen, in care se prezintd modul de
prindere a piesei si sculei pe masina unealtd, noua abordare presupune informarea prin
intermediul unei animatii, care prezintd atat procesul ce urmeaza a fi derulat, cat si
reprezentarea 3D a schemelor de prindere pe masina a piesei si sculei. In continuare,

operatorul fixeaza semifabricatul pe masina si ruleaza programul.

2.7 Particularitati ale aplicarii noii conceptii de conducerii bazate pe

planificare reactiva la conducerea la sistem de prelucrare reconfigrabile.

In figura 1 este descrisd arhitectura de control CNC actuald. Traditional, CAM au fost
considerate unelte de programare NC utilizate pentru a genera codul CNC pentru a conduce
maginile cu control numeric. Majoritatea sistemelor cu control numeric (CNC) adoptd o
arhitecturd asa cum se prezinta in figura 13. Sunt cunoscute sistemele de conducere numerica
computerizatd a maginilor unelte (CNC), cu ajutorul carora se realizeazd procesele de
manufacturare a unor obiecte fizice. In cazul acestor sisteme, prin programul piesa (elaborat
in limbajul ISO G-code), se stabileste sirul actiunilor elementare pe care masina unealtd
trebuie sa le intreprinda, pentru a realiza ciclul de prelucrare a unui exemplar si, pentru fiecare
actiune, se stabilesc valorile marimilor de stare, astfel incat sia fie satisficute exigentele
tehnice ale produsului rezultat, cum ar fi de exemplu rugozitatea sau precizia. Programul piesa
este citit i executat, instructiune cu instructiune de catre sistemul CNC al masinii. Operatorul
monitorizeaza geometria obiectului prelucrat si desfasurarea procesului de prelucrare si, la
nevoie, intervine 1in continutul programului piesa, modificind in mod adecvat parametrii
regimului de lucru sau valorile unor constante ale programului piesd. De exemplu, la
monitorizarea geometriei, constatand cd o anumita dimensiune a obiectului prelucrat a depasit
sau este foarte aproape sa depdseasca limita campului de toleranta, operatorul modifica
valoarea corectiei de sculd. Un alt exemplu, dacd la monitorizarea desfasurarii procesului
constatd aparitia vibratiilor autoexcitate, atunci intervine pentru reducerea vitezei de aschiere,
pana la disparitia acestei vibratii. Elaborarea programului piesa, corespunzator procesului de

prelucrare a unui anumit obiect fizic, cu ajutorul unei anumite masini unelte CNC si folosind
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un anumit echipament tehnologic, poate fi manuald sau asistatd de calculator pe baza unui

produs informatic CAM.
Prgramarea tPra]rarInet_ri_
operatiei ennelagici
G-CODE
CAD CAM e
Industrial
Programator }

-
-

Controller

Motor Motor Motor
Axa 1 Axa 2 Axan
M1 M2 M n
enzor

1
enzor
2

enzor
n

Fig.13 Arhitectura de control CNC actuala

F
L

Kabelsalat

Un sistem computer, care este de obicei un calculator personal (PC) sau alt tip de
calculator, este ales ca platforma sistem NC unde codul NC este executat. Functii, cum ar fi

interpolarea, compensarea unghiului de taiere, control servo, etc., sunt implementate in cateva

77



Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

controlere auxiliare ( cum ar fi PLC- Programmable Logic Controller). Controlerele

administreaza comenzile pentru a controla motoarele si a citi datele de la senzori.

Programarea Model software al ansamblului sistem
operatiei tehnologic — operatie tehnologica
Industrial
AM
CAD C PC

LProg rammer] |

‘ Module 1
Magistrala de comunicati
Module 2
Hardware
module
Module 3
Motor 3 Sensors \
Controller
Module 3

Fig. 14 Arhitectura de control RMT propusa

Abordarea noastra considerda o magistrald capabild de a comunica cu toate modulele.
(Fig.14) Comparativ cu arhitectura actuald, modulele hardware au bucle inchise de control
reprezentate prin controlere integrate, capabile sd comunice cu calculatorul industrial.
Informatia trimisa modului hardware este reprezentatd doar de pozitia impusa. De asemenea,
daca un modul hardware are senzori specifici pe 1anga controlul pozitiei migcarilor, acesta este
manevrat de catre controlerul de pe modulul hardware. Comparativ cu arhitectura CNC
actuald, CAM nu asigurd codul sursd pentru a fi interpretat i executat de masind, ci un
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algoritm de calcul cu valori nominale. Oricum, codurile sursd ale softurile moderne CNC
CAM de iesire descriu o traiectorie geometricad dar nicio informatie cu privire la parametrii
tehnologici (cum ar fi avansul). Abordarea noastra aduce avantajul de a asigura valorile pentru
parametrii tehnologici. Acelasi algoritm realizat in A-CAM este calculat in Modulul software
de evaluare a parametrilor modelului cuplului operatie tehnologica - sistem tehnologic. In
faza de proiectare a procesului in CAM, care este 0o masind virtuald cu valori nominale.
Derularea produsului software pe masina se realizeaza prin masurarea valorilor, care sunt in
mod continuu actualizate i calculate. Asa cum se prezintd in Fig.15 sunt introduse in A-
CAM urmitoarele: modelele CAD a partilor cerute, modelul CAD al semifabricatului,
cerintele tehnice ale produselor finale (cum ar fi toleranta sau rugozitatea).

Continutul informational al programului piesa constd in definirea unor sarcini $i nu
in succesiunea actiunilor ce trebuie parcurse pentru obtinerea unor caracteristici.

Cerinte suprafete Program masina

Modele CAD a pieselor finita si bruta prelucrate
< L >
Model
Model CAD  piesa bruta
piesa finita
_______ 4 Zona 1: Rugozitate: 2.3 Rz Eroare : +/- .5 <>

| Zona 2: Rugozitate: 2.3 Rz Eroare : +/- .5

==

Zona 3: Rugozitate: 2.3 Rz Eroare : +/- .5

Program
: iesa
Simulare proces el

Fig. 15 Simularea procesului
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Sistemele CAM (Computer Aided Manufacturing) proceseazd modelul CAD al piesei si
elaboreaza programul piesa scris in codul ISO G, care se refera strict la geometria traiectoriei
ce trebuie parcursd de sculd, in timp ce parametrii regimului de lucru si alte informatii trebuie
introduse de utilizator. Programul piesa este apoi citit de un interpretor, care preia informatiile
continute in una dintre frazele de comanda, le proceseaza folosind interpolatoare adecvate si
elaboreaza traiectoria variabilelor de comanda, corespunzdtoare respectivei fraze de comanda.
In continuare, se comandd motoarelor de actionare parcurgerea punct cu punct a acestei
traiectorii. Spre deosebire de sistemele CAM, sistemul conducere propus oferd la iesire
traiectoria variabilelor de stare, care contine toate informatiile, inclusiv parametrii regimului
de lucru, necesare executirii intregii operatiei de prelucrare. In plus, spre deosebire de
sistemele CAM, unde pe parcursul executdrii unei fraze de comanda, parametrii regimului de
lucru raman constanti, sistemul de conducere propus asigura modificarea in mod continuu a
valorilor variabilelor de comandd, 1in functie de evolutia comportarii sistemului de
manufacturare si de modul real in care se desfisoara procesul de prelucrare. In ceea ce
priveste testarea coliziunilor, aceasta se realizeazid automat 1in etapa de simulare virtuala,
ludnd 1in considerare faptul ca se cunoaste configuratia geometrica a strungului, cea a sculelor

sia semifabricatului.

2.8 Aplicatie software. Configurarea masinii unelte si analiza configuratiei acesteia pe

baza simularii virtuale a masinii

Metoda propusd pentru realizarea de prototipuri virtuale interactive RMT consta in
urmatoarele etape principale:

1) construirea si reprezentarea geometrica a hardware-ului masinii folosind modulele
hardware (luind in considerare caracteristicile geometrice, cinematice si functionale ale
acestora);

2) construirea modelului cinematic direct si invers pentru lantul cinematic al masini-
unealte

3) testarea modelului interactiv al masinii prin inlocuirea sau indepartarea modulelor
pana gasirea unei configuratii corespunzatoare

4) efectuarea In mod automat a reconfigurarii controlului
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Practic, algoritmul pentru aplicarea metodei constd in doud etape, configurare si
testarea hardware —ului (efectuat de catre utilizator) si reconfigurarea controlului (generat

automat).

In primul rand, configurare hardware, dupi cum se arata in Fig. 2, se face prin testarea
configuratiei cinematice $i geometrice, ceea ce implicd o serie de provocdri tehnice care
trebuie depasite pentru a construi masina virtuald : detectarea coliziunilor, constrangerile
inter-module, ca urmare a dependentei cinematice (un modul este amplasat pe un altul ),
simularea virtuald, manipularea obiectelor intuitiv §i prelucrare piesei virtuale. Modelul
sistemului de prelucrare, are drept tinta pentru a simula, a evalua si de a optimiza procesul de
prelucrare efectiv de testare a modulelor i In ceea ce priveste cinematica si caracteristicile lor
fizice. Folosind prelucrarea virtuale utilizate in faza de simulare a procesului de prelucrare,
utilizatorul poate construi mai tarziu cadru pentru sistemul de optimizare on-situ de

prelucrare pe RMT.

Detectarea coliziunilor este testata pentru a verifica configuratia masini, iar
utilizatorul este capabil de a anima magina pentru a asigura ca nici o coliziune va avea loc in
timpul prelucrarii unei piese.. In consecinta, intr-un sistem virtual RMT aceste piese sunt
reproduse.

Modelul virtual al masinii este construit prin schimbarea iterativa a diferitelor module
din biblioteca de module. Daca un modul hardware anumit nu satisface procesul de fabricatie,
atunci este respins de software si utilizatorul poate inlocui cu unul corespunzitor. Prin
incercarea diferitelor variante de design si sunt indeplinite cerintele impuse. Utilizatorul poate
naviga in atelierul virtual si poate adduga cu usurinta, inlatura si inlocui modulele pentru a
construi masina necesara conform cinematicii si caracteristicile sale de prelucrare. Modulele
utilizate in VE sunt module generice fiecare avand un grad de libertate .

Fiecare lant cinematic este construit prin addugarea unui modul hardware compatibil
peste cel anterior. Bazat pe formalismul din robotica, modelul cinematic directe si invers
Denevit-Hartenberg este construit lantul cinematic.

in ceea ce priveste sistemul de scule, In mod similar cu selectarea hardware module,
utilizatorul poate selecta din bibliotecd o anumita scula. In timp ce partea a fi prelucrata este
solid reprezentat piesa de prelucrat este transparent pentru a fi identificate cu usurinta

instrumentul potrivit.
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Normele de software-ul de compatibilitate intre module de complexa este oferind un
sistem sigur nu. De exemplu, un modul de traducere foarte grele, nu poate fi fixat pe un
modul electric redus.

In scopul de a construi reprezentarea digitali a complexa, utilizatorul poate selecta
optiunea de inregistrare si un film este generat prezintd proiectarea de masini si de lucru
pentru o mai bund intelegere pentru echipa complexa. De asemenea, simulare poate genera

rapoarte §i statistici detaliate care descriu comportamentul sistemului RMT in studiu.

Module selection |« Industrial PC

)

Verify selected
module compatibility

[P S —

goTssRTEEET" (]

: :
with the previous Machine E :
selected (if any) operator P — E

'

i :

i s

: :

] H

Build kinematic chain A E
- ! :
Virtual '_
o lerate Script Modules
hodel program description

Test current
configuration
(kinematics and
geometric
restriction)

Machine program

Current
machine tool

Generate machine
tool model for

Virtual part

i hardware
processing
configuration Co_ntrol .
validation reconfiguration

Hardware configuration : :
simulation Control reconfiguration

Fig.2 Flowchart representation of the method

In al doilea rand, reconfigurarea controlului (Fig. 2) se realizeaza prin construirea a ceea ce
noi numim "programul de masini", care este de fapt un model al noii configuratii. In timp ce
programul piesa este o descriere a unei operatiuni, " programul-masina" este un instrument
de descriere configurarii masinii. Configuratia masinii virtuale este un model de simulare pe

calculator a unui produs fizic care functioneazd ca o masind reald. Reconfigurarea
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controlului si software-ul presupune reconfigurarea asa fel incat PC-ul central sa "stie"
cinematicd configuratiei, precum si caracteristice fiecarui modul hardware . Prin aceasta,
modelul actual de configurare hardware-ul este utilizat pentru reconfigurarea controlului.

Modelul outputeaza arhitectura hardware-ul adecvat, avand in vedere ca inputul sarcinile
de prelucrare care trebuie sa fie efectuate.

Utilizatorul trebuie sa urmeze mai multe etape, dupa cum urmeaza:

1) Alege modulele care permit realizarea fiecare sarcini.

2) Testarea configuratiei actuale 1n ceea ce priveste restrictiile cinematic §i geometrice

3) Efectuarea prelucrarii virtuale

4) Construirea programul masina.

Masina-program cuprinde mai multe seturi de informatii (Fig. 2), dupd cum urmeaza:

1) programul de script-ul, care este generat iIn mod automat de catre mediul virtual care
descrie lantul cinematic, si informatiile lor aditionale.

ii) modelul virtual interactiv, informatiile care urmeaza sa fie utilizate de catre operatorii de
asamblare a noii masgini pentru o intelegere usoara a procesului de asamblare a modulelor
hardware.. Modelul virtual interactiv-ofera capacitatea operatorului de a naviga printr-un
model virtual 3D, pentru a citi informatii cu privire la asamblare si pentru a permite o gama
largd de interactiuni a utilizatorului cu masina virtuald. De asemenea, modelul virtual
interactiv este instalat pe PC-ul industrial al masinii pentru a fi utilizate in timpul functionarii
masinii unelte.

iii) lista de module pentru a fi utilizate si caracteristicile lor.

Dupa ce s-au urmat pasii de mai sus, si arhitectura masina testatd este validatd de catre
utilizator, modelul maginii este generata si, prin urmare, controlul este reconfigurat prin
intermediul programului-masina.

Proof-of-concept demonstrator
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AvailablelMocdlles

Available tools 1Ca

Maovement: translationy s

Travel length: 400 mm

Weight: 80 kg
Iax speed: 5 mm/s

Jlax acceleration: 3 mm/ss,
Max-force: 100 daN

In atelierul virtual utilizatorul construieste configuratia masinii curente prin selectarea unui
modul potrivit pentru a fi addugat in urmatoare parte a lantului cinematic. Asa cum se vede in
figura de mai sus , modulul selectat este afigat in centrul atelierului virtual si este in continua
rotatie pentru o mai buna reprezentare. Cu ajutorul mouse-ului si joystickului operatorul este
capabil de a naviga in mediul virtual pentru a observa asamblarea masinii. in mod similar,
procesul de prelucrare poat fi simulat. Asa cum se vede in Fig. piesa de prelucrat este afigata
ca translucida si piesa este prezentata ca solid. Prin simularea miscarii de axe, piesa este
practic prelucrata pentru a valida arhitectura masinii curente. Utilizatorul poate incerca
diferite instrumente pentru procesul de prelucrare si operatorul are posibilitatea de a vedea
utilizand functia zoom detalii specifice. Asa cum este descris in Fig. utilizatorul este in
masurd sa observe cd scula actuala nu este adecvat pentru piesa curenta, prin urmare, o alta

scula este selectata.
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Dupa cum se vede Fig.3 Fig.4 mai multe module hardware-ul au fost folosite pentru a
construi un strung si o masind de frezat. Modulele de translare sunt folosite pentru ambele
configuratii, In timp ce in configuratia strung a fost adaugat un grad de rotatie suplimentare
de libertate pentru a construi o freza. Acest configuratii simple au fost construite pentru a
demonstra fezabilitatea sistemului de simulare si, cel mai important, pentru a dovedi

capacitatea de a genera in mod automat modelul maginii.

Fig. 3 A view of the virtual environment. The reconfigurable machine tool configured as

milling machine
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Fig. 4 A view of the virtual environment. The reconfigurable machine tool configured as

lathe

Metoda de reconfigurarea a fost implementata folosind Visual C si Lite-C, bazat pe metoda
de modelare propusa a masinilor-unelte reconfigurabile. Dezvoltarea Proof-of-the-ceoncept a
confirmat faptul cd metoda este adecvata pentru punerea in aplicare a fabricatiei sistemelor

reconfigurabile.

2.9 Concluzii

Arhitectura propusa inldtura dezavantajele de mai sus prin aceea ca, in scopul de a diminua
efortul de programare si de a optimiza procesul de manufacturare, chiar in conditiile in care
comportarea sistemului de manufacturare evolueaza in timp si spatiu: a) continutul
informational al programului piesa consta in caracteristicile obiectului manufacturat si nu in
succesiunea actiunilor ce trebuie Intreprinse pentru obtinerea acestor caracteristici; b) ciclul
de lucru al masinii este discretizat intr-un numar mare de secvente, astfel incat, in cursul unei
secvente, modificarile marimilor de stare sa fie neglijabile, pentru ca valorile acestora sa
poata fi considerate constante, apoi, ¢) pentru fiecare secventa, procesul de manufacturare
este derulat virtual si potrivit algoritmului de optimizare, sunt determinate valorile optime ale
variabilelor de comanda, dupa care d) respectivele valori sunt comandate secvential in timp,

astfel incat masina sd atingd succesiv aceste valori, urmand ca, e) prin monitorizarea
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procesului sa se determine corectiile valorilor optime ale variabilelor de comanda, 1in
conformitate cu evolutia in timp §i spatiu a comportarii sistemului de manufacturare si a
modului cum se desfasoara procesul de manufacturare.
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Capitolul III
Conceperea unei tehnici de prognoza si compensare online a erorilor

de prelucrare

1. Aspecte generale
A fost elaborata o metoda de modelare online a relatiei intre eroarea de prelucrare si marimile de

stare ale masinilor tehnologice, bazata pe modelarea SVM (support vector machine) online a
semnalelor transmise de sistemul senzorial.

Au fost desfasurate cercetari experimentale privind aplicarea metodei de modelare in prognoza
erorilor de prelucrare, in cazul prelucrarii unui lot de piese. A fost conceput sistemul de prognoza
si compensare online a erorilor de prelucrare bazat pe motoare piezoelectrice. Performanta
sistemului de prognoza si compensare a fost evaluata experimental, folosind drept criteriu ponderea
erorii remanente ramasa dupa compensare in eroarea initiala. Rezultatele au aratat ca prin modelare
si compensare eroarea de prelucrare a fost redusa in medie de 2,5 ori.

2. Modul de abordare

A fost realizata o instalatie experimentala (fig.2 si fig. 3), care este destinata a fi folosita pentru
cercetarile experimentale din proiect, urmand ca in final sa serveasca drept baza pentru dezvoltarea
masinii prototip. Schema instalatiei experimental realizata in aceasta etapa de raportare este
prezentata in fig.1. Cercetarile experimentale au constat in testarea metodei de modelare si prognoza
a deviatiilor dimensionale, prin prelucrarea unui lot experimental de piese. Diagrame tipice ale fortei
de aschiere (masurata si modelata cu SVM) si ale deviatiei dimensionale (masurata si prognozata)
sunt prezentate in fig. 4 respectiv 5 In Fig. 6 este prezentat grafic modelul sistemului tehnologic,
rezultat in urma identificarii acestuia si folosit pentru prognoza deviatiei dimensionale (redata in

fig.4).
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Fig. 1 Schema masinii prototip dezvoltata in cadrul proiectului si folosita pentru aplicarea
experimentala a metodei de modelare, prognoza si compensare online a erorilor de prelucrare, in

cazul prelucrarii unui lot de piese.
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Fig. 2. Schema dispozitivului experimental
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Fig.3. Standul de experimentare
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Fig. 6 Modelul matematic al sistemului tehnologic rezultat in urma identificarii online
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3. Conceperea unei metodici

de conducere holistic-integrata

a sistemelor tehnologice

3.1 Conceperea arhitecturii sistemului de conducere
3.2 Conducerea la nivel de program
3.3 Conducerea la nivel operational

3.3.1.

3.3.2. Tipologia modelelor

Obiectivele conducerii la nivel operational

3.3.3. Identificarea relatiilor cauzale

3.4

3.4.1. Formularea problemei

Controlul preciziei

3.4.2. Idei cheie

3.43.

Abordarea holistic-integrata a controlului dimensional

3.4.4. Controlul adaptiv al erorilor de proces

3.4.5. Controlul adaptiv predictiv al erorilor de sistem

3.5

3.6

Controlul economicitatii operatiei tehnologice

3.6.1. Modelarea econometrica a procesului de prelucrare

3.6.2. Costul specific

3.6.3. Timpul specific

3.6.4. Rata specifica a profitului

3.7

3.8

3.9

3.10

Controlul ecologicitatii

Conducere la nivel canonic

Conducere la nivel strategic

Concluzii

Conceperea arhitecturii sistemului de conducere

Abordarea holistic-integrata a problemei conducerii ansamblului proces-magina presupune
conceperea unei arhitecturi de control care sa gestioneze optimal-adaptiv, atat aspectele
referitoare la procesul de aschiere, cat si cele referitoare la economicitatea si ecologicitatea

sistemului tehnologic.
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Conducerea la nivel de program presupune gestionarea sistemului astfel incat acesta sa
realizeze transformarea semifabricatului in piesa, prin intermediul unor operatii tehnologice
specifice.

Ideal ar fi ca toate cerintele, impuse piesei din punct de vedere tehnologic, sa fie indeplinite,
fard a fi necesar altceva decét introducerea unui program piesa alcatuit corect. In realitate,
aceste cerinte nu sunt indeplinite, piesa prelucrata nu este identica cu piesa programata prin
programul piesd, deoarece apar abateri de forma, dimensiuni sau de pozitie reciproca ale
suprafetelor prelucrate.

De asemenea, parametrii regimului de aschiere se pot dovedi ca fiind inadecvati, 1n sensul ca,
fie regimul de agchiere este prea putin intens, lucru care afecteaza productivitatea procesului,
fie prea intens, ceea ce face ca stabilitatea sistemului tehnologic sa nu fie asigurata.
Prelucrarea in conditiile in care stabilitatea sistemului tehnologic nu este asigurata determina
uzura prematura a sculelor agchietoare, obtinerea unor suprafete care nu au calitate
corespunzatoare §i pune in pericol siguranta personalului si a masinii.

Apare nevoia stabilirii unor corectii la programul initial de prelucrare, astfel incat
procesul de asgchiere sa poata fi condus pentru a corespunde situatie reale si de actualitate a
sistemului tehnologic. Elaborarea corectiilor este realizata prin conducere la nivel
operational, pe baza informatiilor obtinute de la ansamblul proces - masina.

Conducerea la nivel canonic consta in a comanda sistemul de control operational pe
baza unor reguli impuse. Aceste reguli (canoane) vizeaza aspecte legate de stabilirea unor
directii prioritare privind economicitatea, ecologicitatea, precizia de prelucrare sau
productivitatea.

Conducerea la nivel strategic este realizatad de sistemul de management si are la intrare
modificarile aparute in mediul economic precum si valorile curente ale indicatorilor de
performanta, iar la iegire ajustarile de politici, necesare pentru adaptarea la mediu economic a
sistemului tehnologic.

Semifabricat Piesa
. [
Program piesa Conducere la nivel de
program
Corectii i Valori
variabile variabile
Sistemul Conducere la nivel
tehnologic operational
Corectii I Valori
canon atribute
\. Conducere la nivel
canonic
Y
Corectii Valori
politici performanta

Conducere la nivel
strategic

Mediu economic

Fig. 0.1. Sistemul de control holistic-integrat
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Conducerea la nivel de program

Sistemele tehnologice la care se refera prezenta lucrare, sunt cele reconfigurabile, controlate
numeric dupd program, in cazul carora ideea cheie a reconfigurabilitatii hardware este
structurarea maginii unelte in module mecatronice universale. Fiecare modul asigurad unul
dintre gradele de libertate active ale masinii unelte, iar jonctiunile dintre module reprezinta
gradele de libertate pasive ale acesteia.

In alta lucrare [Marin 2009], a fost elaborat principiul controlului bazat pe planificare
reactivad, in scopul de a elimina nevoia reconfigurabiltatii controlului numeric atunci cand
arhitectura hardware a masinii unelte a suferit modificari. Potrivit acestui principiu,
programul piesd este un produs software, care permite descrierea cu inalta rezolutie a ciclului
de lucru, pe baza datelor privind sarcina de prelucrare si caracteristicile sistemului tehnologic.
In figura 0.3 se prezintd modul in care sirul seturilor de valori ale variabilelor sistemului este
transmis unei unitati de control logic, care le distribuie in mod adecvat modulelor
mecatronice ale masinii unelte.

Aceasta reprezinta conducerea la nivel de program a procesului si, daca datele initiale in
produsul software ce reprezinta programul piesa nu ar suferi modificari, atunci rezultatele
obtinute ar fi exact cele programate. Din motivele aratate in capitolul precedent, aceasta
ipoteza nu se confirma, si de aceea este necesara o bucld de control bazata pe reactie inversa,
prin care sistemul sa se adapteze la noile conditii. Aceasta interventie consta in replanificarea
ciclului de lucru al masinii, imediat ce, macar una dintre datele initiale, a suferit modificari.
Conducerea la nivel de program nu face obiectul acestei lucrari.

In schimb, bucla de control bazata pe feedback, care, fiind parcursa in timpul functionarii
sistemului tehnologic, este numita bucla de control operational, a fost studiatd in detaliu si
prezentata in capitolele urmatoare ale lucrarii.

Conducerea la nivel operational

Obiectivele conducerii la nivel operational

Arhitectura sistemului de conducere holistic-integrata, se prezintd in figura 0.3,
evidentiindu-se elementele structurale ale conducerii la nivel de program si ale conducerii la
nivel operational.

Sistemul de conducere la nivel de program are ca intrare un model parametric al ansamblului
sistem tehnologic-operatie tehnologica, construit sub forma unui produs software specific,
care este controlabil printr-un set de parametri. Initial acesti parametri au valori implicite dar,
pe parcursul prelucrarii piesei, acestea se corecteaza de catre sistemul de conducere la nivel
operational, daca situatia curenta o impune. Din aceasta cauza programatorul poate folosi
doar valori aproximative ale acestor parametri.

Iesirea modelului parametric software al ansamblului sistem tehnologic-operatie tehnologica
reprezinta traiectoria variabilelor de comanda, mai precis o lista ce contine pozitia impusa

fiecarei axe pe parcursul traiectoriei. Aceasta listd este receptionata de unitatea de control
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logic, care are rolul de secventiere a ciclului de lucru, prin transmiterea la momente bine
stabilite a valorilor de comanda pentru fiecare axa de deplasare a masinii.

Ansamblul proces-masind are drept intrare semifabricatul care trebuie transformat in piesa
finita.

Sistemul de conducere la nivel de program este monitorizat de catre sistemul de conducere la
nivel operational, prezentat in figura 0.2. , care construieste o baza de date ce va contine
informatii culese de la senzorii masinii. Informatiile sunt achizitionate, atat in timpul
prelucrarii, cat si inainte si dupa aceasta. Inainte de prelucrare se identifici modelul
semifabricatului, iar dupa ce prelucrarea s-a realizat se determind rezultatul prelucrarii,
evaluandu-se astfel piesa obtinuta.

Conducerea la nivel operational se bazeaza pe un sistem de invatare, ce are rolul de a construi
doua tipuri de modele: modele de corectie a parametrilor de control $i modele de evaluare a
atributelor.

Pentru generarea modelelor, sistemul de invatare determind in primul rand relatiile cauzale,
pentru a determina acele variabile provenite din baza de date care vor fi folosite pentru
constructia modelului. Dupa identificare vor fi selectate seturile de date relevante, adica
inregistrarile din baza de date care vor fi utilizate la construirea modelului. Urmeaza analiza
tipologiei modelelor disponibile, ce implicd determinarea tipului de model prin care erorile de
modelare sunt minime.

Modelele folosite pentru corectii au drept scop principal determinarea urmatorilor
parametri de control care sunt folositi de unitatea de rulare a modelului parametric software al
ansamblului sistem tehnologic-operatie tehnologica:

o Deviatia dimensionald prognozatd, corespunziatoare unui set de puncte ce
apartin traiectoriei sculei in raport cu semifabricatul;

e Latimea admisibila a agchiei, marime care influenteaza stabilitatea procesului
de aschiere;

. Grosimea admisibild a agschiei, parametru limitativ al avansului pentru a
proteja muchia sculei aschietoare;

o Aria admisibila a aschiei, parametru limitativ prin care se protejeaza sistemul
tehnologic Tmpotriva suprasolicitarii cu forta;

o Viteza optima de aschiere, parametru care influenteazd productivitatea,

economicitatea si ecologicitatea procesului de aschiere;
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e Rugozitatea geometrica admisibila, functie de rugozitatea reald limitata prin
desenul de executie al piesei.

Modelele de evaluare a atributelor furnizeaza valoarea curenta a atributelor care vor fi
folosite de catre sistemul de control canonic, sistem controlat de sistemul de control strategic.
Aceste atribute sunt:

. consumul specific de energie;

. consumul specific de timp;

. consumul specific de scula;

. costul specific;

e emisia de CO; pentru 1dm’ de material prelucrat.

Identificarea relatiilor cauzale va fi realizata utilizdnd metode din domeniul data-

mining cunoscute sub denumirea de ,,filtre de atribute”. Pentru determinarea relatiilor intre
variabilele de interes pentru care se realizeazd modelul si celelalte variabile continute in baza

de date, se vor folosi tehnicile RRelief i Corelation Feature Selection.

Senzori

Monitorizare

4

Baza de date

y Modele C : Modele A :
Corectii on the fly
]
Corectii in-cycle
-+——————— Evaluare corectiilor [ Sistem de invatare »| Evaluare atributelor
Corectii in situ
]
T Schimbarea regulilor Valorile curente ale
conventionale atributelor

Lista modelelor: Lista requlilor: Lista tipurilor de modele:
Modele corectii C: 1. Importanta costului 1. Modele liniare
1.Deviatia dimensionald 2.Importanta productivitatii 2. Modele bazate pe retele
2. Latimea admisibild a agchiei  3.Important consumului de neuronale
3.Grosimea admisibild a agchiei energie 3.Modele bazate pe tehnica
4. Viteza optima de agchiere 4.Importanta consumului de vectorilor suport
5. Rugozitatea realad functie de  scula
rugozitatea geometrica 5.Importanta termenilor de
6.Modelul geometric al livrare
semifabricatului 6.Importanta protejarii masinii
Modele atribute A: 7.Importanta consumului de
1. Consum specific de energie manopera
2. Consum specific de timp
3. Consum specific de scula
4. Cost specific
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Fig. 0.2. Sistemul de conducere la nivel operational

Selectarea seturilor de date va avea 1n vedere ideea folosirii numarului optim de date
pe baza cérora sa se construiascd modelul matematic, astfel incat acesta sa descrie cat mai
bine posibil comportarea ansamblului modelat.

Selectarea tipului de model se va realiza pe baza evaluarii virtuale, retrospective a
tuturor modelelor disponibile in sistemul de conducere operational sub aspectul performantei
de modelare. In acest scop, fiecare dintre modelele disponibile va fi testat prin aplicarea
virtuald succesiva la controlul operational al fiecareia dintre piesele din lot care au fost deja
prelucrate. Rezultatul simularii va fi comparat cu valorile masurate ale parametrului controlat
rezultand performanta de modelare. Dupa ce toate modelele disponibile au fost astfel evaluate
se va alege modelul cu cea mai bund performantd, si va fi utilizat la controlul operational al
piesei curente. In acest fel selectarea tipului de model este un proces de optimizare
exhaustiva.

Constructia modelului constd in determinarea parametrilor modelului selectat, astfel

incat acesta sa descrie cat mai bine comportarea la momentul curent a sistemului modelat.
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Fig. 0.3. Arhitectura sistemului de conducere holistic-integrata

Tipologia modelelor

Pentru modelarea deviatiilor dimensionale vom avea in vedere folosirea urmatoarelor tipuri
de modele:

modele analitice obtinute in urma unor procedee de regresie,
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e modele neuronale,

o modele bazate pe tehnologia vectorilor suport SVM (Support Vector Machine).

Modele obtinute prin procedee de regresie liniara

Orice algoritm de regresie are drept principal scop determinarea unei functii ]_” care
sa aproximeze o functie f ce nu este definitd explicit, ci sub forma tabelara, prin intermediul
unor dublete de forma <x;, y;> cu i=1..n. Vectorii X, € R" reprezinta datele de intrare ale
modelului, iar valorile y, € R reprezinta valorile functiei f pentru aceste date de intrare.

In cazul regresiei liniare, functia f reprezintd o combinatie liniard a componentelor
unui vector de parametri f. Cea mai simpla forma de regresie liniara este cea polinomiala de
ordinul 1. In acest caz, considerand ca vectorii x au dimensiunea m, expresia functiei f este
de forma:

FO) = f(x,%,,.%,) = B+ X+ fy X, 4.t B, X, +e (0.1)

unde e este eroarea de modelare.
In cazul abordarii problemei conducerii dimensionale a unui strung, vectorul x poate
avea de exemplu urmatoarea structura:
o (X, X, x3}={C, Z, F}, in cazul controlului online sau

o (X1, X, x3}={C, Z, Ad}, in cazul controlului predictiv programat.

unde:
o Creprezintd valoarea axei ,rotatia arborelui principal”;

o Zreprezinta valoarea axei ,translatie paraleld cu axa arborelui principal”;
o Freprezintd o componenta a fortei de agchiere;
o Adreprezinta adancimea de aschiere.

In aceste cazuri, prin regresie liniara se vor obtine modele de forma:
fI(C.Z,FY=0,+p,-C+pB,-Z+ p,-F+e, -in cazul controlului online sau

?Z(C, Z,Ad)y=p,'+ " C+ B, Z+ pB," Ad + e, - In cazul controlului predictiv, unde vectorii

Bi={Bo, B1, B2, B3} siP2={Po’, B1', B2, B3'} reprezintd parametrii modelelor matematice, e; i
e, reprezinta erorile de modelare.
Pentru determinarea valorilor optime ale coeficientilor, se poate aplica metoda celor

n
. e e e e 2 A
mai mici patrate, adica se va minimiza suma: S = Z( ¥, —f(x,))” pentru intreg setul de
i=1
date de antrenare. Pentru minimizare, se va determina situatia In care derivatele partiale al
functiei S 1n raport cu variabilele modelului se anuleaza. Luand in considerare cazul
controlului online, putem scrie:
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S - R _ _ _
o Z;, 200, = B = BC = BZ = BF) =0
68_; = i_z(yl' - IBO _IBICI' _:BzZi - IB3F;')C1' =0

as ) (0.2)
~, 2_2()’1 - b= BC—bBZ - BF)Z =0
op, ‘4
oS <
~, 2_20’[ =B —BC = BZ - BF)F =0
op, =
ceea ce se poate exprima prin urmatorul sistem:
nf, + Zﬂlci + Zﬂzzi + Zﬂ3F; = zyi
i=1 i=1 i=1 i=1
ﬂoZCi +ﬂlzci2 + ﬂZZZiCi + IH3ZF;'C1' = Zciyi
i=l i=1 i=1 i=1 i=1
n n n n n ( 0-3)
IBOZZI' +4 zZiCi + ﬂzzziz + ﬂ3zF;Zi = zZiyi
i=l i=1 i=1 i=1 i=1
ﬂOZF;' +IBIZF;'C1' + ﬂzZZiF; + :B3ZF;2 = ZF;‘yi
i=l i=1 i=l i=1 i=1
sistemul de ecuatii de mai sus poate fi scris sub forma matriceala astfel:
X-XHp=X"Y (0.4)
unde matricele sunt definite astfel:
1 ¢ Z, K N
1 C, Z, F, By V)
1 C, Z, F
x=| 7 B Ay (0.5)
...................... B
...................... B;
1 C}’l Z}’l F}’l yn

. T . o . .
iar X' reprezintd transpusd matricei X.
Rezulta ca parametrii modelului matematic se determina rezolvand ecuatia matriceala:

p=X-X")"'X"Y (0.6)

Prin rezolvarea sistemului de ecuatii se determind parametrii modelului matematic f,, f,,

B si B
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1.1.1.2 Modele obtinute pe baza tehnicii de regresie bazata pe vectori suport

(Support vector regresion)

Modelele SVM au fost inventate de catre savantul de origine rusd Vladimir Vapnik, [Boser
1992], [Cortes 1995]. Initial, SVM a fost folosit pentru probleme de clasificare, cum ar fi
aplicatiile OCR (optical caracter recognition) si aplicatiile de recunoastere a obiectelor. De
asemenea, au fost obtinute rezultate remarcabile si in cazul problemelor de regresie.

Algoritmii de regresie bazati pe vectori suport au drept principal scop, ca orice
algoritmi de regresie, determinarea unei functii f , care sa aproximeze o functie continua f,
definita sub forma tabelara, prin intermediul unor dublete de forma <x;, y;> cui=1..n.
Vectorii X, € ‘R™ reprezinti datele de intrare ale modelului, iar valorile Y, € R,
reprezintd valorile functiei f/ pentru aceste date de intrare.

Spre deosebire de alte tehnici de regresie, functia f determinata de algoritm are o
deviatie maxima ¢ fatd de functia necunoscuta f, pentru valorile datelor de antrenare, adica

~

f(x,)— f(x,)| < & pentru oricare i=1..n

Pentru cazul in care modelul Support Vector Regression (SVR) este de tip liniar,
functia ]} este definitd de o relatie de tipul: f (x)= <W . x> + b, unde operatorul <a . b>
reprezintd produsul scalar dintre vectorii @ si b. Un deziderat privind forma modelului
matematic este legat de marimea factorului w care reprezintd complexitatea modelului.
Norma vectorului w trebuie sa fie minimd. Determinarea functie f (X) este o problema de
optimizare, care poate fi definita astfel:

Minimizeazi: %<w ‘W) (0.7)

y,—(w-x)-b<¢

cu restrictiile (0.8)

w-x)+b-y <&

Exista situatii in care problema de optimizare nu are solutii, deoarece nu poate fi gésit
nici un vector w care sa satisfaca conditiile impuse de restrictii, adica nu exista o functie

liniara f'(X) care sa aproximeze setul de date de antrenare cu precizia & . Pentru a se

determina totusi o solutie liniard acceptabild, se pot introduce variabile aditionale, care sa
permita incdlcarea restrictiilor, dar prin intermediul carora sa se introduca penalitati la nivelul
functiei obiectiv. Astfel problema de optimizare poate fi reformulata astfel:

Minimizeaz3: %<w W)+ CE(E +E) (0.9)

y,—(w-x,)-b<e+¢&
cu restrictiile {(W-X)+b—y, <e+& (0.10)

£:¢, 20

103



Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

Modelul va avea asadar doi parametri: parametrul € care defineste eroarea acceptabila
pentru setul de date de antrenare si parametrul C>0 care reprezinta un factor de penalizare

pentru elementele din setul de date, pentru care conditia ‘ fx)-f (Xl,)‘ < & nu poate fi
indeplinita.

Functia de optimizare, precum si restrictiile, pot fi formulate sub forma unui
lagrangian:

* * * 1 L * L
L(w,b,E & a; o ,m,1)) :5<W-W>+ CY(E+E) D a(e+E -y +(W-x;)+b)
i=1 i=1

—Z% (e+& + _<W'Xi>_b)_z(77i S H) - S)
i=1 i=1
(0.11)
-unde «,, Ocl.* N7 771.* reprezintd multiplicatorii Lagrange.
Problema de optimizare este reformulata astfel:

Arg min o .max . L(W,D,GL 6, ana,0550)  (0.12)

unde ¢, ,n,,1, >0.
Din conditiile de anulare ale derivatelor partiale ale Lagrangianului in raport cu
*

variabilele w, b, & si &, , rezultd urmatorul sistem de ecuatii:

oL .

P Z( )

S—sz—Z(a,.+a,.*)-x,.=0

(;LV = (0.13)
_ZC_O‘,-—U,-=0

o¢,

aL*:C—al*—nl*:()

o¢,

Tinand cont in L de aceste relatii, problema de optimizare devine:

max[%<zn: (a,—a; ) x,)- Zn:((aj —a))-x, )> - 5Zn: (a,+a; )+, Zn:(a,. - a,.*)j cu restrictiile:

i=1 i=1

>, -a)=0
i=1

(&, ~a])€[0,C]

Aceasta problema de optimizare poate fi rezolvata folosind metode specifice, cum ar
fi metoda Gradient Ascent.

(0.14)

Functia f (x,)= Z(a,. —a))- <x,. ~x> +b va fi determinata de coeficientii ¢, , Oci* care
i=1
vor fi nuli pentru o serie de inregistrari din setul de date. Asadar algoritmul selecteaza din

setul de date o serie de inregistrari “remarcabile”, denumite vectori suport, inregistrari pe
baza carora se va construi modelul SVR.
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Pentru regresie neliniard, produsul scalar este inlocuit de o transformare neliniara,
denumita kernel. In mod uzual, se utilizeaza urmatoarele tipuri de kernel-uri:

d
o Kernel polinomial K(x;,x;)= <X[. ~XJ.>
. . d
o Kernel polinomial neomogen K(x;,x;)= <Xl. X+ c>
XiTX) Hz
o Kernel gaussian K(x;,x;)=e *7

Pentru a realiza regresia cu vectori suport este necesara antrenarea algoritmului cu un set
de dublete, (x;, yi), specificandu-se urmatorii parametri: parametrul legat de marimea zonei de
insensibilitate €, parametrul de regularizare C si parametrii specifici kernel-ului.

Selectia acestor parametri poate fi o sarcina dificild, deoarece selectarea unor parametri
improprii afecteaza performanta modelului obtinut prin regresie. Pentru selectie se pot aplica
mai multe strategii. De obicei pentru ¢ se alege o valoare egald cu nivelul zgomotului, daca
acesta este cunoscut. In practica, in cele mai multe situatii, nivelul zgomotului nu este
cunoscut. Pentru parametrul C se poate selecta o valoare mai mare decat cea mai mare dintre
valorile functiei f, furnizata pentru datele de antrenare, insa aceastd abordare face modelul
sensibil la datele eronate inregistrate in setul de date de antrenare.

O alta strategie implica selectarea valorilor pentru toti parametrii, pe baza unui algoritm
de validare Incrucisata (cross validation).

Practic se utilizeaza doua abordari:

-n folds cross validation- setul de date se Imparte aleatoriu 1n n parti. Din cele n parti,

n-1 parti sunt folosite pentru antrenarea algoritmului, iar a n-a pentru evaluarea erorilor
modelului. Algoritmul este repetat de » ori, evaluandu-se eroarea globala de modelare.
Algoritmul se repeta pentru toate combinatiile de valori ale parametrilor, alegdndu-se acele
valori, pentru care eroarea de modelare este minima.

-leave one cross validation- abordarea este similard cu algoritmul precedent, insa numarul
n este egal cu marimea setului de date de antrenare.

Validarea incrucisata are dezavantajul ca este costisitoare din punct de vedere
computational.

In aceasti lucrare vom folosi algoritmul n folds cross validation. De asemenea, vom
folosi abordarea descrisa in [Cherkassky 2004], conform careia C se va alege C=y +30,,

unde Y reprezintd valoarea medie a iesirilor pentru setul de date de antrenare, iar
o, reprezintd dispersia pentru aceleasi valori. Pentru parametrul €, Cherkassky a determinat o
relatie empiricd, prin care se obtin rezultate mai bune decat atunci cand ¢ este egal cu nivelul
zgomotului T .

Aceasta relatie se obtine multiplicdnd o, cu un parametru 7 sicu o expresie ce tine
seama de numarul » de inregistrari ale bazei de date folosite pentru antrenare.

In(n)
n

Experimental s-a stabilit ca pentru valoarea 7 =3, valoarea determinata pentru parametrul

& determinad obtinerea unui model mai precis. Pentru estimarea nivelului zgomotului, se

poate aplica urmatoarea strategie: se construieste un model matematic de complexitate
ridicata, cum ar fi un model de tip polinomial de ordin mare, sau se realizeaza un model de

&E=1T0 (0.15)

105



Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

regresie de tip kNN (K Nearest Neighbor) cu parametrul &k cuprins intre 2 si 6. Prin
algoritmul kNN, valoarea furnizatd de model se determina prin medierea a celor mai
apropiate k valori din setul de date pe care se construieste modelul. Nivelul zgomotului se
poate aproxima cu relatia:

6’ = Z(yl ») - (0.16)

S |

unde - y, si J, reprezinta valorile tinta furnizate in setul de date pentru care se evalueaza

nivelul de zgomot, respectiv valorile tinta evaluate de modelul de complexitate ridicata; - n
reprezintd numarul de inregistrari pentru care se evalueaza nivelul de zgomot; -d reprezinta
parametrul legat de complexitatea modelului.
Pentru modele polinomiale, d este egal cu gradul p al polinomului, iar pentru modele de tip
kNN, d=k/n.

Pentru selectarea parametrului kernel-ului vom utiliza o tehnica de cautare exhaustiva.
Valoarea parametrul kernel-ului va fi cautatd intr-un sir de valori discrete. Selectarea valorii
optime a parametrului kernel-ului va fi realizata pe baza unui algoritm de validare incrucisata.

Retele neuronale

O retea neuronala artificialda (ANN-Artificial Neural Network) reprezinta un tip de model
matematic inspirat din retelele neuronale biologice, alcatuite din neuroni interconectati prin
intermediul sinapselor ce apar intre axoni si dendrite.

Inttare constatdxy =

CI C’"—’. wi = b (bias)

xio—»@

Functie de
activare
Ig C \I .
E o—e p® —
; Ko,
: Functie de
insumare
Im(:r-—— W

Semnale de  Ponden
intrare sinapse

Fig. 0.4. Structura unui neuron artificial
Retelele neuronale artificiale sunt alcatuite din neuroni artificiali, a caror structura emuleaza
structura neuronilor biologici. In figura 0.4 se prezinta structura unui neuron artificial. Un
neuron artificial reprezinta un element de procesare care pe baza unui numar m de intrari xy,
X...X, genereaza o iesire y. Sinapsele dintre neuroni sunt modelate cu ajutorul unor ponderi.
In functie de valorile acestor ponderi legaturile neuronului cu intririle sale sunt intarite, adica
contribuie mai mult la valoarea functiei de iesire a neuronului, sau sunt inhibate, adica
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contribuie putin sau chiar deloc la valoarea functiei de iesire a neuronului. Procesarea
intrarilor de citre neuron se realizeazi in doua etape. In cadrul primei etape se efectueazi
insumarea valorilor intrarilor multiplicate cu ponderea corespunzitoare. In cadrul celei dea
doua etape se calculeaza marimea functiei de transfer a neuronului. De obicei aceasta
valoare, precum §i valoarea corespunzatoare fiecarei intrari este limitata in intervalul [-1, 1]
sau [0,1].

In practici cele mai utilizate functii de transfer sunt:

0 daca v<0

o functia de transfer de tip prag, f(v) = 5
1 daca v>1

o functia de transfer liniard, f(v)=v
-1 daca v<-1
o functie de transfer liniard cu saturatie, f(v)=4 v daca ve[-L1]
1 daca v>1

1
l+e”

o functia de transfer sigmoida, f(v)=

Mai multe unitati elementare de procesare, adicd mai multi neuroni pot fi interconectati
pentru indeplinirea unei sarcini specifice, formand astfel o retea neuronal. In cazul in care
reteaua neuronala este folosita pentru rezolvarea unor probleme de regresie, cea mai folosita
structura de retea neuronald este arhitectura feed forward. Arhitectura feed forward
presupune gruparea neuronilor intr-o structura fixa, acestia fiind organizati pe straturi.
Neuronii unui strat au conectate la intrarile lor iesirile neuronilor din stratul precedent sau
intrdrile modelului in cazul neuronilor aflati pe primului strat.

Fig. 0.5. Structura unei retele neuronale de tip feedforward

Stratul de neuroni care genereaza iesirea poartd denumirea de strat de iegsire, celelalte straturi
fiind straturi ascunse. Stabilirea structurii retelei neuronale se realizeaza de obicei pe baza
expertizei utilizatorului, sau folosind o strategie euristicd. Numarul neuronilor de pe stratul de
iegire se stabileste ca fiind egal cu numarul iesirilor. Pentru fiecare neuron trebuie specificat
tipul de functie de transfer.
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Reteaua neuronald calculeaza valoarea unei iesiri yx folosind datele de intrare astfel:
Ve =0, W, -h) =0, w, -9, w, - x,)), relatie in care ¢y si ¢; reprezinta functiile
i=1 i=1 Jj=1

de transfer corespunzatoare stratului de iesire respectiv straturilor ascunse.
Dupa stabilirea structurii retelei neuronale este necesara antrenarea acesteia. Antrenarea
reprezintd un proces de Invatare prin care se realizeaza actualizarea valorii ponderii pentru
fiecare sinapsa. Procesul de invatare este supervizat in cazul retelelor de tip feedforward si
poarta denumirea de backpropagation training. Astfel, retelei ii sunt prezentate o serie de
seturi de valori pentru variabilele de intrare si setul corespunzator de valori pentru variabilele
de iesire. In cazul in care functiile de transfer ale neuronilor sunt diferentiabile, algoritmul de
antrenare este de tip gradient descent.

Pentru antrenare se utilizeaza un set de date alcatuit din / perechi de vectori
<x(t), d(t)> cu t=1..1. Vectorii x(t)={xi(t), x2(t),.., Xm(t)} reprezinta valori ale variabilelor de
intrare, iar vectorii d(t)={d;(t), da(t),.., di(t)} reprezintd valorile corespunzatoare functiilor
necunoscute ce trebuie aproximate. In urma antrenirii reteaua neuronala va genera un set de
date de iesire care y(?) care trebuie sa aproximeze valorile functie specificate prin vectorii
d(t). Scopul antrenarii retelei este acela de a micsora erorile de modelare pentru datele de
antrenare e(?)= d(1)-y(¢). Actualizarea ponderilor pentru sinapse se va realiza astfel incat sa fie
minimizata o functie cost. Cel mai frecvent in practica se utilizeaza functia cost eroare medie
patratica dintre valoarea iesirii retelei i valoarea cunoscuta a iesirii obtinuta prin masurare.

g(t):%zl:e,f(t), unde e (t)=d, (1)~ 7,(1). (0.17)

Algoritmul de antrenare se bazeaza pe actualizarea ponderilor folosind valoarea
negativa a gradientului functiei obiectiv in raport cu ponderile, si un parametru fix 77 € (0,1)

care reprezinta rata de Invatare. Ponderile sunt actualizate in mod similar, atat pentru
sinapsele neuronilor de pe stratul de iesire cat si pentru neuronii aflati pe straturile de intrare:

sy =250 a1y = 250

(0.18)
ow, (1) ow, (1)

Algoritmul de antrenare al retelei neuronale este alcatuit din urmatorii pasi:
1. Ponderile retelei sunt stabilite initial in mod aleatoriu, la valori foarte mici;

2. Se selecteaza o instanta din setul de date de antrenare;

3. Se calculeaza valoarea iesirilor pentru neuronii aflati pe straturile ascunse si pentru
neuronii de pe stratul de iesire;

4. Se calculeazd valoarea functie obiectiv;

5. Daca valoarea functiei obiectiv este corespunzitoare sau numarul maxim de iteratii
impus operatia de antrenare se considera finalizata, daca nu se continua cu pasul 6;

6. Se calculeaza gradientul functiei obiectiv in raport cu ponderile sinapselor pentru
neuronii de pe stratul de iesire;

7. Se actualizeaza valorile ponderilor pentru neuronii de pe stratul de iesire;
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8. Se calculeaza gradientul functiei obiectiv in raport cu ponderile sinapselor pentru
neuronii de pe straturile ascunse;
9. Se actualizeaza valorile ponderilor pentru neuronii de pe straturile ascunse;

10. Se reia algoritmul de la pasul 2.

Identificarea relatiilor cauzale

Din analiza literaturii de specialitate, s-a remarcat faptul cd modelul matematic
corespunzator erorilor de prelucrare este construit pe baza unor cunostinte provenite din
experiente anterioare. in cazul sistemelor tehnologice reconfigurabile, avand in vedere faptul
cd structura sistemului se schimba de la o faza de reconfigurare la alta, constructia modelului
matematic nu se mai poate baza pe cunostinte provenite din experiente anterioare. De aceea,
apare nevoia utilizarii unor algoritmi de descoperire a relatiilor cauzale, ce exista intre
variabila pentru determinarea careia se construieste modelul matematic, si restul variabilelor
aflate iIn componenta bazei de date. Descoperirea relatiilor cauzale se bazeaza pe algoritmi de
evaluarea atributelor.

Daca, de exemplu, variabila pentru determinarea careia se construieste modelul
matematic este deviatia dimensionald, atunci marimile masurate de sistemul senzorial al
maginii pot fi considerate in raport cu marimea deviatiei dimensionale ca fiind:

- atribute relevante, adica atribute care influenteaza marimea deviatiei dimensionale;

- atribute irelevante, adica atribute care nu au nici o influentd asupra marimii deviatiei
dimensionale (acestea pot fi considerate ca fiind aleatorii in raport cu valoarea pe care
o ia deviatia dimensionald);

- atribute redundante, adicd atribute care pot fi inlocuite cu alt atribut, fatd de care
acesta este redundant, fard ca precizia modelului sa fie influentatd (in general
atributele redundante sunt puternic corelate intre ele).

In figura 0.6, este prezentati structura tipicd a unui algoritm de evaluare a atributelor.
Existd mai multe posibilitati de descoperire a setului de atribute relevante. Una dintre acestea
consta in initializarea algoritmului cu un set care contine toate atributele dupa care se elimina
pe rand atributele redundante si nerelevante din setul initial. O alta posibilitate este de a porni
cu o lista de atribute vida, la care se adaugi atribute relevante. In fine, se poate initia
algoritmul selectand un set aleatoriu de atribute, la care se vor adauga atribute relevante
si/sau se vor elimina atribute irelevante ori redundante.

In faza de evaluare se determina performantele subsetului curent de atribute; daca cel mai
performant subset, determinat anterior, este inferior subsetului curent de atribute, atunci
subsetul curent de atribute va fi retinut. Criteriul de oprire implica in general o conditie prin
care se determind faptul ca, prin addugarea sau eliminarea unui atribut, nu se poate obtine
imbunatatirea valorii functiei de evaluare a subsetului de atribute.

Algoritmii de mai sus au avantajul ca necesitd un numar mai mic de evaludri decat in
cazul unei cautari exhaustive cand, pentru un set de #» atribute, numarul de evaluari N este dat
de relatia:
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n n

n!
n . o =
i=1 i=1 l!(l’l—l)!

Set intial de
atribute

2" —1 (0.19)

Generare
subset de
atribute

v

Evaluare set
de atribute

Validare

Fig. 0.6. Structura tipica a unui algoritm de selectare a atributelor

Construirea unor modele matematice folosind atribute redundante sau irelevante
influenteaza negativ precizia modelului matematic, sporindu-i in acelasi timp complexitatea,
afectand In mod nefavorabil timpul de constructie si cel de exploatare.

In general, pentru evaluarea atributelor exista doua abordari:

- folosirea unui filtru de atribute potrivit caruia atributele relevante se evalueaza pe

baza unui criteriu rezonabil, care este independent de problema real;
- folosirea unei metode de tip wrapper care consta in aplicarea algoritmului pe baza
caruia se construieste modelul matematic si evaluarea preciziei de modelare

corespunzatoare diferitelor subseturi de atribute.
Metode de tip filtru de atribute

Metodele bazate pe filtre de atribute sunt preferate in general, avand in vedere faptul ca
nu sunt costisitoare din punct de vedere computational, datoritd faptului ca algoritmul pe baza
caruia se selecteaza atributele este mai simplu decat algoritmul cu care se modeleaza datele.
Dezavantajele folosirii unor astfel de metode sunt legate de faptul ca, pentru evaluarea
performantelor fiecarui atribut, se folosesc criterii de performanta care nu au legatura cu
modelul ce va fi folosit.

In cadrul acestei lucriri vom folosi urmitorii algoritmi de tip filtru:

-Corelation Feature Selection-

Algoritmul a fost dezvoltat de M. Hall in [Hall2000] si se bazeaza pe o observatie simpla
si evidentd: vom selecta atributele corelate cu variabila de iesire pe baza careia se va construi
modelul matematic, dar se vor elimina atributele care sunt corelate intre ele, adica atributele
redundante. Se stie ca un indicator al dependentei lineare dintre doua seturi de variabile X si
Y este coeficientul de corelatie, parametru statistic definit de relatia:
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Slx, -1 -1)]
] (0.20)

Pxy = p —
=031

unde X , Y reprezinta valoarea medie pentru fiecare variabila.
Pentru un subset de £ atribute performanta (meritul) gruparii este calculat cu relatia:

MS: k'/_)si
Jk+k(k-1)p,

(0.21)

Media coeficientilor de corelatie pentru fiecare atribut din setul de atribute selectate in
raport cu variabila de interes p;, contribuie proportional la ,,punctajul” gruparii de atribute.

Punctajul unui subset de atribute este mai scazut in cazul in care unele din atribute sunt
corelate intre ele, adicd media coeficientului de corelatie corespunzator variabilelor din subset

P, . Meritul subsetului este folosit pentru functia de evaluare (vezi fig. 0.6,). Pentru

generarea subsetului ce va fi evaluat se folosesc algoritmii de cautare: greedy forward
selection sau backward elimination , algoritmi la care se atributele care determind cresterea
respectiv descresterea cea mai mare a functiei merit sunt adaugate respectiv eliminate
succesiv, best first prin care se selecteaza subsetul de date pornind de la un subset vid la care
se adauga progresiv atributele care conduc la cresterea functiei merit, insd care spre deosebire
de algoritmii de tip greedy permit backtracking-ul, adica reconsiderarea unor variante
descalificate initial daca calea de cautare nu da rezultate bune. De asemenea, pentru
generarea subseturilor de date se poate utiliza algoritmul genetic considerand ca trebuie
rezolvata o problema de optimizare a functiei merit.

-Rrelief pentru regresie

Algoritmul Rrelief dezvoltat de Igor Kononenko [Kononenko1997] are ca scop evaluarea
calitatii fiecarui atribut, In functie de capacitatea acestuia de a surprinde variatiile variabilei
de interes. Initial algoritmul a fost dezvoltat pentru probleme de clasificare, adica pentru
situatii in care variabila de interes este discretd si are doar doua valori corespunzatoare celor
doua clase. Algoritmul selecteaza in mod aleatoriu o instantd R; din setul de date, si apoi
determind cei mai apropiati doi vecini: unul din aceeasi clasd denumit nearest hit H si unul
din altd clasd nearest miss M. Pe baza acestor instante se actualizeaza valoarea estimata
pentru calitatea atributului W[A] folosind o functiei diferentd definita pentru doud instante I,
sil, astfel:

dﬂ( I I ) |Val()dre(A,[l) —va ()are( 4’ [ )|
1 A, |’ Z — Y [
maz i(‘ 4) m ln(A)

(0.22)

Algoritmul Relief pentru clasificare:
Pentru toate atributele W[A]=0;
Ptidelallam
Selecteaza aleatoriu o instantd R;
Se determind nearest hit H si nearest miss M
Pentru toate atributele A
W[A]= W[A]-diff(A,R,H)/m+ diff(A,R,L)/m
Starsit pentru
Starsit pentru
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Valoarea calculata de algoritm aproximeaza urmatoarea diferentd de probabilitati:
W[A]=P(valoare diferita pentru atributul A| nearest miss M)- P(valoare diferitd pentru
atributul A| nearest hit H)

Algoritmul Relief pentru regresie nu poate folosi notiunile nearest miss M si nearest hit
H. Pentru a estima calitatea unui atribut se foloseste relatia:

PdiﬁA _ (1 - szﬁqdzm) ) PdiﬁfA

1- Pdiﬁc

W[A]= Fapcan (0.23)

diffC

unde: RWA reprezintd P(valoare diferita pt A| cele mai apropiate instante)

RMC reprezintd P(predictie diferitd | cele mai apropiate instante)
Pdiﬁ’C| diff reprezintd P(predictie diferita | valoare diferita pt A pentru cele mai

apropiate instante)

Algoritmul Rrelief are ca intrare un set de antrenare care este alcdtuit dintr-o
succesiune de vectori X de dimensiune g, adica caracterizate prin a atribute, si din valorile
variabilei de interes 77X) corespunzitoare succesiunii vectorilor X. Algoritmul are ca rezultat
un vector cu estimarile pentru calitatea fiecarui atribut.

Seteaza Ny, Naa[A], Naagdaa[A], W[A] la 0
Pentruldelal lam
Selecteaza aleatoriu o instanta Ri;
Selecteaza cele mai apropiate k instante din setul de date I;
Pentrujdela llak
Nae= Nact |7(Ry)- T(Ij)| d(ij);
Pentru A=1 pana la a
Nua[A]= Naa[A]+diff (AR, 1)) -d(i,j);
Nuagaa[A]= Naagaa[A] + |7Ry)- o(L)| - diff (AR, I)) - d(iij);
Sf.pentru
Sf.pentru
Sf.pentru
Pentru 4=/ pana la a
W[A]= Nas&aa[A]/ Nac-( Naa[A]- Naagaa[A]/(m- Ny))
Sf.pentru

Controlul preciziei

Formularea problemei

Reducerea erorilor dimensionale este un deziderat pentru procesele de prelucrare
deoarece permite obtinerea unor piese mai precise si in final a unor produse de calitate
superioara. Prin control dimensional intelegem acea modalitate de control care are drept
obiectiv reducerea erorilor dimensionale care apar in urma proceselor de prelucrare.

Pentru reducerea erorilor de prelucrare se poate interveni asupra regimului de lucru, in
scopul reduceri intensitatii acestuia; se pot produce masini mai precise la care imperfectiunile
sa fie reduse, se pot utiliza scule foarte precise etc. Toate aceste abordari pasive, prin care se
asigura o precizie ridicatd, implicd o componentd economica care se traduce prin cresterea
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costului si scdderea productivitatii in cazul diminudrii intensitatii regimului de aschiere,
cresterea costului de achizitie al masinilor unelte, utilizarea unor scule scumpe. Asadar, in
general, o astfel de abordare nu este fezabila din punct de vedere economic.

O alta solutie implica utilizarea unor regimuri de lucru, masini de unelte si scule
obignuite, combinata cu folosirea unei strategii de control prin care erorile de prelucrare sunt
eliminate nainte de aparitia acestora, prin prognozarea valorii lor si apoi prin comandarea
partilor mobile ale masinilor unelte, In sensul in care erorile sunt eliminate. Folosirea unei
astfel de strategii, este mai eficientd din punct de vedere economic deoarece permite
obtinerea de piese precise fara a fi necesare investitii importante in masini unelte foarte
precise sau a unor scule speciale, In conditiile folosirii unor regimuri de agchiere intense care
asigura o productivitate ridicata.

Problema compensarii erorilor si nu a reducerii erorilor dimensionale implica generarea
unei suprafete finale a piesei care sa fie cat mai apropiata de suprafata tinta, adica suprafata
impusa in desenul de executie al piesei. In figura 0.7 se prezinta sistemul de suprafete ce
trebuie luate In considerare pentru corectia erorilor dimensionale in cazul utilizarii unei
masini unelte cu comanda numerici asa cum acestea au fost prezentate si in [Apostu1998]. in
urma prelucrarii trebuie indepartat adaosul de prelucrare, astfel incat sa se obtina suprafata
tintd. Dacd masina unealtd ar fi programata sa realizeze suprafata tintd, in urma prelucrarii
datoritd erorilor dimensionale s-ar obtine o suprafata diferita de cea impusa. Pentru a reduce
erorile dimensionale, magina unealta este programata sa realizeze o altd suprafatd denumita
suprafatd programata. Chiar si in cazul aplicari controlului dimensional vor exista diferente
intre suprafata tintd si suprafata finala a piesei, rezultata in urma operatiilor de prelucrare.

SUPRAFATA I SUPRAFATA I SUPRAFATA I SUPRAFATA I

INITIALA TINTA PROGRAMATA FINALA
T
SUPRAFATA DE EROAREA CORECTIA EROAREA
REFERINTA APARENTA PROGRAMATA EFECTIVA

.

Fig. 0.7. Sistemul suprafetelor de analiza

Pozitia suprafetei programate este determinati prin aplicarea unor corectii. in general,
suprafata tinta este caracterizata de un set de parametri cum ar fi dimensiunea nominala, de
exemplu valoarea diametrului rezultat in urma operatiilor de strunjire, toleranta dimensiunii
nominale, cerinte legate de rugozitate, dar si pozitia acestei suprafete in raport cu celelalte
suprafete ce alcatuiesc suprafata finald a piesei, suprafete pe care le vom denumi suprafete de
referinti. In multe din cazuri suprafetele de referinta sunt prelucrate anterior, iar pozitia
acestor suprafete nu este cea nominald. Apare necesitatea determindrii parametrilor i pozitiei
suprafetelor de referinta, pentru a putea determina pozitia suprafetei prelucrate.

Sistemele de control dimensional se bazeaza in general pe urmatoarea strategie:

- se Inregistreaza datele provenite din monitorizarea sistemului de prelucrare in timpul

efectudrii operatie;
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- datele provenite din monitorizare vor fi stocate intr-o baza de date. Aceasta baza de
date va contine informatiile referitoare la piesa curentd si la piesele prelucrate
anterior;

- folosind baza de date se construieste un model matematic, care are ca scop prognoza
deviatiilor dimensionale;

- folosind modelul se comanda organele mobile ale masinii unelte prin addugarea
unor corectii pentru reducerea deviatiilor dimensionale.

In cazul productiei de masi cu un numir mare de exemplare, problema construirii
modelului matematic este simplificata datoritd faptului ca baza de date contine suficiente
date. Probleme deosebite apar in cazul prelucrarii unor loturi de piese, la care numaérul de
exemplare nu este foarte mare.

Problema pe care ne propunem sd o rezolvdm in cadrul acestei sectiuni poate fi formulata
astfel: sa se construiasca un sistem de control care sa asigure controlul dimensional, pentru a
asigura compensarea erorilor generate de proces, precum si a erorilor generate datorita
imperfectiunilor sistemului tehnologic. Nu vor fi tratate erorile datorate revenirii elastice
,post operatie” datorate revenirii elastice post operatie, generate de redistribuirea tensiunilor
interne din materialul piesei

Idei cheie

Pentru rezolvarea problemei controlului dimensional vom avea in vedere urmatoarele
aspecte:

1. Controlul dimensional se va realiza punctual

Sistemul de control dimensional va modela eroarea pentru un numar mare de puncte care
apartin suprafetei prelucrare. Prin compensarea deviatiilor dimensionale in fiecare punct vor
fi compensate:

- abaterile de la dimensiunile nominale;

- abaterile de forma - cum ar de exemplu erori de planeitate, cilindricitate;

- abaterile referitoare la pozitia reciproca in raport cu pozitia suprafetei de referinta - cum

ar de exemplu erori privind paralelismul suprafetei in raport cu o suprafata de referinta,

abateri de perpendicularitate, abateri de coaxialitate,
Prin utilizarea unui sistem de corectie global pentru intreaga suprafatd nu pot fi compensate
abaterile de forma si uneori nici abaterile referitoare la pozitia reciproca a suprafetelor.
Inainte si dupa prelucrare, folosind un sistem de masura ,,on machine”, se va explora un
numar mare de puncte aflate pe suprafata prelucrata si pe suprafetele de control. Se vor aplica
corectii in vederea eliminarii erorilor de proces si a celor de sistem. Datele provenite in urma
procedurilor de explorare a suprafetelor vor fi stocate intr-o baza de date ce va fi folosita
pentru constructia modelului matematic de prognoza a erorilor dimensionale.

In aceeasi baza de date vor fi stocate datele rezultate in urma monitorizarii sistemului
tehnologic in timpul functionarii. Date vor fi obtinute prin inregistrarea valorilor furnizate de
senzori folositi pentru masurarea unor marimi susceptibile ca ar influenta precizia de
prelucrare. Marimile masurate de senzori vor putea fi utilizate ca parametri ai modelului
matematic de predictie a erorilor.
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Prognoza si compensarea erorilor de prelucrare, se va realiza avand in vedere doua
componente i anume eroarea datoratd procesului si eroarea datorata sistemului de prelucrare.

2. Determinarea parametrilor modelului

Influenta parametrilor ce influenteaza precizia dimensionald se poate modifica in
timpul utilizarii masinilor unelte. Apare nevoia determinarii relatiilor cauzale ce apar intre
marimea deviatiei dimensionale si variabilele ce alcatuiesc baza de date.

Cea mai importantd modificare a relatiilor cauzale dintre deviatia dimensionala si
diferitele marimi pentru care se realizeaza monitorizarea sistemului apare in cazul utilizarii
maginilor unelte reconfigurabile, magini pentru care structura acestora se poate modifica de la
un lot la altul. De aceea in functie de configuratia sistemului reconfigurabil trebuie analizata
dependenta parametrilor care pot fi folositi pentru prognoza si compensarea deviatiilor
dimensionale.

3. Determinarea numairului de piese ce vor fi folosite pentru constructia
modelului matematic

Modelele matematice pot fi construite pe baza informatiilor obtinute prin utilizarea datelor:
- corespunzatoare tuturor pieselor prelucrare pana in momentul piesei anterioare,

- corespunzatoarea ultimei piese prelucrate,
- corespunzatoare ultimelor m piese.

Folosirea datelor corespunzatoare pieselor intregului lot, prezinta avantaje legate de
numarului mare de inregistrari disponibile, care pot constitui o baza solidd de cunostinte, Insa
care are dezavantaje legate de faptul cd astfel se utilizeaza date care pot sa nu mai fie in
corelatie cu starea actuald a sistemului tehnologic.

Pe de alta parte, folosirea datelor corespunzatoare ultimei piese prelucrare prezinta
avantaje legate de actualitatea datelor inregistrate, insa dezavantajul faptului ca datele
inregistrate pot sd nu surprinda tendintele sistemului tehnologic.

4. Domeniul pe care se construieste modelul

Se pot defini modele matematice care sunt valabile pentru intreaga suprafata prelucrata,
insa este posibil ca aceste modele sa fie caracterizate de o complexitate sporitd. Avantajele
unor astfel de modele sunt legate de faptul cd sunt in general mai robuste 1n ceea ce priveste
zgomotul ce afecteaza senzorii.

Divizarea suprafetelor prelucrare in parti mai mici pentru care sa se realizeze modelarea
deviatiilor dimensionale are avantaje legate de localizarea problemei si de simplificarea
modelului matematic obtinut, insd vecindtatea in care se genereaza modelul nu poate fi oricat
de redusd deoarece astfel se reduce numarul de inregistrari pe care se realizeaza modelul,
acesta fiind susceptibil la influente importante legate de existenta erorilor de masurare si de
zgomot.

In aceasti lucrare domeniul pe care se construieste modelul va fi corespunzitor intregii
suprafete prelucrate intr-o faza, insa se vor lua in considerare la constructia modelului
matematic si variabilele care definesc pozitia suprafetei prelucrate.
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Abordarea holistic-integrata a controlului dimensional

Abordarea holistica a controlului dimensional

In vederea abordarii holistice a controlului dimensional vom folosi urmitoarea strategie:
a. Explorarea dimensionald este extinsd la toate punctele suprafetei (masurate), la toate

suprafetele corelate dimensional ale piesei (suprafata prelucrata, suprafata de referintd) si
la toate exemplarele din lot;

b. Evaluarea dimensionald se bazeazd pe modelarea simultand si unitard a intregului
ansamblu de suprafete al unui exemplar, considerandu-1 ca un spatiu topologic de sine
statator;

c. Compensarea dimensionald se face simultan si unitar pe toatd traiectoria unei scule gi
la toate sculele folosite in cursul desfasurarii intregii operatii de prelucrare;

d. Controlul dimensional este aplicat tuturor elementelor sistemului tehnologic: masina,
piesd, sculd, dispozitive de fixare si de masurare;

e. Tolerancing-ul dimensional este extins intregului spatiu topologic care formeaza
interfetele prin care piesa se cupleaza cu celelalte elemente ale sistemului mecanic;

f.  Deviatiile dimensionale sunt redefinite, astfel incat sd corespundd acestei abordari

holistice a controlului dimensional.
Abordarea integrata a controlului dimensional

a. Controlul dimensional include atat verificarea respectarii tolerantelor dimensionale,
cat si compensarea deviatiilor dimensionale, indiferent de marimea deviatiilor
dimensionale;
b. Masurarea este integratd cu prelucrarea in sensul ca:
1. are loc intr-o faza dedicatd masurarii ce este inseratd in ciclu de lucru;

ii. se face cu un instrument care este inglobat In constructia masinii;

iii. constructia si explorarea modelului de control dimensional sunt integrate in procesul de
prelucrare a lotului de produse in sensul cd, constructia modelului are loc in cursul
prelucrarii exemplarului precedent iar exploatarea modelului are loc in cursul prelucrarii

exemplarului curent.
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Controlul adaptiv al erorilor de proces

Algoritmul de control adaptiv propus in aceasta lucrare presupune parcurgerea unor
pasi care trebuie parcursi pentru determinarea modalitétii in care se realizeaza conducerea
sistemului de prelucrare. Structura algoritmului este evidentiata in figura 0.8 folosind
blocurile de culoare galbena.

Primul pas consta in stabilirea variabilelor de control prin intermediul carora se poate
conduce procesul de prelucrare, 1n scopul reducerii deviatiilor dimensionale. Dupa cum am
precizat, deviatiile dimensionale vor fi compensate punctual. in scopul reducerii deviatiilor
dimensionale se vor comanda organele mobile ale masinii unelte astfel incat deviatiile dintre
suprafata tinta i suprafata finald sa fie minima. La stabilirea variabilelor de control trebuie sa
se tind seama de structura cinematicad a maginii unelte, sa se determine gradele de libertate
pentru care trebuie comandate miscarile necesare reducerii deviatiilor dimensionale.

Stabilirea variabilelor
de control

Y

Determinarea relatiilor
cauzale

A

\
Stabilirea setului de
date folosit pentru t

Baza de date

construirea modelului
si a formatului
modelului parametric Monitorizare

! .

Masina/
proces

Construirea modelului

—

Exploatarea modelului

-
-

Fig. 0.8. Algoritmul de control al erorilor de proces

Al doilea pas consta in determinarea relatiilor cauzale, actiune ce implica selectarea
variabilelor pe baza carora se poate stabili modelul parametric ce va fi folosit pentru controlul
dimensional. Aceste variabile corespund unor campuri din baza de date ce a fost obtinuta prin
monitorizarea sistemului tehnologic pe parcursul ciclurilor de masurare si de prelucrare a
pieselor precedente. Relatiile cauzale sunt determinate intermitent dupa prelucrarea fiecarei
piese, luand in considerare datele corespunzatoare ultimei piese prelucrate. Pentru
determinarea relatiilor cauzale vor fi folosite metodele expuse in paragraful ,Identificarea
relatiilor cauzale”.

Dupa determinarea relatiilor cauzale este necesara stabilirea setului de date folosit pentru
construirea modelului §i a formatului modelului parametric.

Sa consideram momentul 1n care trebuie prognozate erorile de prelucrare corespunzatoare
exemplarului £ din lotul de piese in scopul compensarii erorilor ce pot apare in urma
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prelucrarii acestuia. De asemenea, sa consideram ca produsul informatic pregatit pentru
constructia modelului are facilitatea de a putea construi modele de m formate. Apare
intrebarea care dintre aceste formate trebuie folosit §i care este numarul » de exemplare
anterior prelucrate ale caror date vor fi folosite pentru constructia modelului, astfel incat
performanta de modelare sa fie maxima. Aceasta este o problema de optimizare
combinatoricd, ce poate fi intotdeauna rezolvata prin evaluarea exhaustiva a tuturor
combinatiilor posibile si selectarea aceleia care are performanta maxima. Cum in cazurile
practice intalnite numarul acestor combinatii nu este prea mare evaluarea exhaustiva a
performantelor este fezabila. Daca Insa numarul combinatiilor este foarte mare, atunci o
metoda euristicd de cautare, cum ar fi algoritmii genetici de exemplu, ar putea fi considerata.
In cazul aplicirii metodei de optimizare bazati pe evaluarea exhaustiva a performantei,
algoritmul presupune ca pentru fiecare dintre cele k-7 exemplare deja prelucrate s se
simuleze utilizarea fiecaruia dintre cele m formate de modele si, pentru fiecare model, un
numar n, n-1, n-2 de exemplare deja prelucrate, iar apoi pe baza rezultatelor obtinute s se
aleaga formatul care, statistic, s-a dovedit a fi cel mai performant, in ceea ce priveste
diferenta dintre valoarea modelatd si valoarea masuratd a erorii.
Construirea modelului matematic este specifica pentru fiecare tip de model. Astfel se poate
realiza regresia liniard, se poate antrena o retea neuronald sau un algoritm de regresie bazat pe
vectori suport.
Pentru evaluarea predictiva a valorii erorii de proces in scopul compensarii acesteia, este
necesara exploatarea modelului erorii de proces. Exploatarea modelului implicd determinarea
unor corectii pe baza prognozei modelului matematic urmatd de modificarea valorilor
variabilelor de control astfel incat deviatiile dimensionale sa fie anulate.
Datele de intrare ale modelului, se obtin prin masuratori facute asupra sistemului tehnologic:
a) Tinainte de a se desfagura procesul de prelucrare;

b) 1in timpul procesului de prelucrare.

Cazul a) se intdlneste atunci cand modelul are drept variabild o marime fizica ce nu depinde
de procesul de aschiere in sine, cum ar fi de exemplu adaosul de prelucrare. Inainte de
inceperea procesului de prelucrare a unui exemplar se masoard grosimea stratului de material
ce trebuie detasat (care se considera specifica respectivului exemplar), iar datele obtinute sunt
introduse in modelul erori de proces determinandu-se valorile acestora.

Cazul b) apare atunci cand modelul are drept variabild o marime fizica ale carei valori depind
de procesul de aschiere in sine, cum ar fi de exemplu forta de aschiere. In acest caz forta de
agchiere este monitorizata online iar valorile acestora tot online sunt folosite pentru calculul
erorii de proces. Sistemul de compensare a erorii functioneaza de asemenea online spre
deosebire de cazul a) cand valorile compensate ale erorii sunt programate odata cu programul
ciclului de lucru.

In cazul prelucrarii primului exemplar dintr-un lot de piese adaosul de prelucrare va fi
impartit astfel incat sa se mai poata realiza o trecere. Prima trecere se va efectua evident fara
a se realiza controlul dimensional si va fi folosita pentru generarea primelor inregistrari din
baza de date. Pe baza acestor inregistrari se vor determina relatiile cauzale folosind algoritmi
de tip filtru de atribute de proces si se va construi modelul matematic initial al procesului de
prelucrare.

Controlul adaptiv predictiv al erorilor de sistem

In cazul operatiilor de prelucrare prin aschiere, una din cele mai importante surse de
erori de sistem este datoratd modului in care semifabricatul este fixat in dispozitivul de fixare.
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In cazul in care se prelucreazi o suprafatd a cirei pozitie este specificata in raport cu o serie
de suprafete de referinta in urma prelucrarii datorita imperfectiunii sistemului de fixare pot
aparea abateri de pozitie reciproca. Apare nevoia identificarii parametrilor de pozitie
corespunzatori suprafetelor de referintd. Pentru corectia erorilor de fixare este necesara
determinarea pozitiei suprafetelor de referinta si apoi calcularea parametrilor de pozitie
corespunzatori suprafetei ce va fi prelucrata. Astfel, vom aplica urmatoarea solutie
conceptuala:

L.

Suprafetele de referintd vor fi explorate intr-un numar mare de puncte folosind un
sistem de masurare ,,on machine”. Pentru masurare, scula va fi inlocuitd cu un sistem
palpator. Palpatorul va reconstitui traiectoria pe care a avut-o scula la generarea
suprafetei. In cazul in care nu poate fi explorati intreaga suprafati de referinta din
cauza faptului ca acest lucru ar duce la coliziuni ale sistemului palpator cu elementele
in migcare ale masinii, se va folosi o alta traiectorie care nu va conduce la coliziuni.

Se determind forma ecuatiilor suprafetelor de referintd in conditiile aparitiei erorilor
de fixare. Despre suprafetele de referintd se cunosc urmitoarele elemente: forma
nominald i pozitia nominald. Ecuatiile suprafetelor de referintd vor avea drept
parametri marimi care descriu toate componentele erorii de fixare.

Se identificd parametrii suprafetelor de referintd, folosind ecuatiile suprafetelor de
referintd si tehnici de regresie.

Se determind parametrii suprafetei prelucrate astfel incat erorile de pozitie reciproca

sa fie minime.

Pentru verificarea metodei propuse vom exemplifica aplicarea acesteia in cazul unor

prelucrarii prin strunjire, in situatia in care exista o singura suprafata de referinta. Vor fi
tratate cazurile in care forma suprafetei de referinta este cilindrica sau conica. Sistemul
palpator va fi orientat pe directia radiald a piesei, adica paralel cu axa X a masinii. Pentru
masurarea suprafetei de referintd se va roti arborele principal concomitent cu deplasarea
saniei longitudinale a masinii, adicd deplasarea axei Z.
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_ 3 Adaos de
Dispozitiv prelucrare

de fixare Axa suprafetei

de referinta

...................... __>__> Z
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Suprafaté de Axa arbore
referinta principal
Fig. 0.9. Erorile de fixare in cazul operatiilor de strunjire

In urma prelucririi va fi necesara obtinerea unei suprafete excentrice in raport cu axa
de rotatie a arborelui principal, Insa coaxiala cu suprafata de referinta.
Cazul general este acela in care axa arborelui principal si axa suprafetei de referinta
sunt disjuncte astfel:
- sunt excentrice,

- sunt inclinate una fatd de alta.

Sa consideram cazul prezentat in figura de mai sus, in care o piesa cilindrica este
fixata in universal. Piesa este fixata in zona suprafetei de referinta. Ne propunem ca suprafata
prelucrata sd fie coaxiald cu suprafata de referintd. Pentru aceasta este necesara identificarea
parametrilor axei suprafetei de referintd. Pe baza informatiilor obtinute in urma identificarii
suprafetei de referintd, se determind traiectoria sculei necesara pentru efectuarea prelucrarii.

Identificarea parametrilor de pozitie pentru o suprafata de referinta cilindrica

Sa considerdm o dreapta o, a carei pozitie in raport cu un sistem de coordonate carteziene
xoyz poate fi exprimata prin relatiile:

x=x,+A
Y=y, +Am (0.24)
z=/An

sau in forma vectoriala:
F=iy+ A, euu| =1V +m? +0® =1 (0.25)

in relatia de mai sus /, m, n, reprezintd cosinusii directori ai dreptei 6, iar xy §i yy reprezinta
coordonatele punctului de intersectie dintre dreapta o'si planul xoy. Sistemul xoyz este un
sistem de coordonate mobil, la care axa z este identica cu axa Z a sistemului de coordonate al
maginii, adicd cu axa arborelui principal, dar care este solidar cu dispozitivul de fixare al
arborelui principal.
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In sistemul de coordonate xoyz este definit un cilindru pentru care dreapta Jreprezinti
axa cilindrului. Acest cilindru reprezinta suprafata de referintd a céror parametri trebuie

identificati folosind date colectate in urma inspectiei ,,on machine”. Parametrii corespunzatori
suprafetei de referintd sunt:

e R -raza cilindrului;

e [ m, n xp si yy parametri care definesc pozitia axei cilindrului. Cu ajutorul

parametrilor xy s$i )y se poate determina excentricitatea cilindrului fatd de axa

arborelui principal in planul xoy astfel:
e=+x; +y. (0.26)
ZA

A

Fig. 0.10. Sistemele de coordonate utilizate pentru identificarea parametrilor corespunzatori unei
suprafete cilindrice

Cilindrul poate fi definit ca fiind locul geometric al punctelor dintr-un spatiu

tridimensional egal departate de o dreapta. Distanta de la un punct P la dreapta o care are
versorul u este definita astfel:

| OMx 0P|
OM‘

R =D(P,5) =

ﬂﬁdﬁw (0.27)

unde M reprezintd punctul de intersectie dintre perpendiculara dusa din punctul P la

dreapta, iar punctul O reprezinta punctul de intersectiei al dreptei o cu planul xoy.
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Exprimam produsul vectorial astfel:

i ik
u ><@:x_xo Y=Yy 2

; o (0.28)

u xOP :;[n(y —¥,) —mz|+ ;[lz —n(x—x,)] +%[m(x—x0) —1(y-y,)]

Dar n=+1—-m* —=1* .

Rezulta distanta de la punctul P la dreapta & care va fi constanta R.

Rz\/{\/l—m2 —Iz(y—yo)—sz2 +{IZ—\/1—W£2 —Iz(x—xO)J2 +[m(x—xo)—l(y—yo)]2 (

0.29)

Considerdm faptul cd sistemul x)z este rotit cu un unghi @ in raport cu un sistem de
coordonate fix XYZ. Coordonatele X y z sunt exprimate in sistemul XYZ cu transformarea:

X cos(d) —sin(d) O | X
y|=|sin(@d) cos(d) O|-|Y (0.30)
z 0 0 1| |Z

Adica coordonatele x, y si z pot fi exprimate in functie de coordonatele X, Y si Z si de unghiul
0 prin relatiile:
x=X-cos()—7Y -sin(H)
y=X-sin(@)+7Y -cos(0) (0.31)
z=/
Masurarea se realizeaza 1n coordonatele masinii, iar instrumentul de masura, in cazul

pe care il consideram este orientat dupa directia axei X a masinii. Coordonatele punctelor
explorate de sistemul de masura al masinii sunt caracterizate de valoarea Y=0. Rezulta:

x=X -cos(0)
y=X -sin(6) (0.32)
z=7

Inlocuim relatiile ( 0.32) in relatia ( 0.29) obtinand o ecuatie de gradul 2 pentru care
necunoscuta este X:

aX>+bX +c=0 (0.33)
Unde:

a=1- [m -sin(@) + 1 - cos(@)]2
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b=2y,- [mz sin(0) —sin(@) + 1 -1—m* -1 - cos(e)} ;
+2x, | I* cos(0) — cos(0) +1 - m -sin(0) |-

—2-z-N1=m’ =1I* -[m-sin(6) + - cos(6)]

c=x,1-1*)+y,(1=-m*)+z(I> + m*) +

+2(m-AN1=m* =1 -yz+l-\1-m* =1 - z-x,—-m-x,-y,)- R
- cu solutiile
—b++b*—4ac

X, = (0.34)
2a

In cazul vizat de noi comparatorul misoari cea mai mare valoare dintre solutiile ecuatiei
deoarece comparatorul este fixat pe suportul portsculd. In cazul fixarii unor suprafete
cilindrice 1n universal parametrii m, /, xo $i yo nu pot lua valori oricat de mari datoritd modului
de fixare, dreapta d este aproape identica cu axa Z. Astfel putem considera ca valorile pentru
parametrii m $i/ apropiate de 0. Astfel daca cosinusii directori ai dreptei o in conditiile in
care axa cilindrului ar face cu axa piesei un unghi de 15grade atunci

I + m* =1—cos’ (7 /12)=0,067. Indiferent de valoarea unghiului @ parametrul ¢ din

ecuatia de gradul 2 este pozitiv. Astfel putem considera faptul ca relatia pentru marimea X
care este masurata cu ajutorul comparatorului poate fi descrisa matematic astfel:
~b+~b* —4ac

X (I,m,x,,y,,R,0,z) = (0.35)
2a

Pentru determinarea parametrilor /, m, xy,y9, R propunem urmatoarea metoda:
1- comparatorul digital va fi pozitionat dupa directia axei X a masinii.

2- Se varealiza un ciclu de masurare, in timpul céruia piesa va fi rotitd, iar comparatorul
va fi deplasat dupa directia axei Z pentru a se realiza inspectia suprafetei de referinta.

3- Valorile méasurate de comparatorul digital vor fi inregistrate intr-o baza de date care
va contine pentru fiecare inregistrare a comparatorului pe care o vom nota Xm si
valorile corespunzatoare cotei Z i unghiului de rotatie al arborelui principal C
determinate in momentul masurarii.

4- Se rezolva urmatoarea problema de optimizare:

Dandu-se lista valorilor Xm(i), C(i), Z(i) cu de la i =1..n, unde n este numarul de méasuratori

sd se determine /, m, x0, y0 astfel incat suma:
2

S = i()(m(i) — X (I,m,x,,y,, R,C(i), Z(i))) (0.36)

sa fie minima. Problema de optimizare este o problema de regresie neliniard care poate fi
rezolvata folosind algoritmi clasici de optimizare cum ar fi algoritmul Gauss-Newton sau
algoritmul Levenberg-Marquardt.
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Identificarea parametrilor de pozitie pentru o suprafata de referinta conica

Ca si in cazul precedent, vom considera aceleasi sisteme de coordonate carteziene, in raport
cu care este definitd dreapta o care este axa conului care contine suprafata de referinta.
Dreapta o, a carei pozitie in raport cu un sistem de coordonate carteziene xoyz poate fi
exprimata prin relatiile:

x=x,+A
Y=y, +Am (0.37)
z=An

sau in forma vectoriala:

F=r+Au,cui| =112 +m® + 0’ =1 (0.38)

Parametrii suprafetei conului care trebuie determinati de algoritmul de identificare sunt:
e Unghiul la varfal conului

e Pozitia varfului conului.

In figura 0.11 am considerat un con a cirui axa este dreapta &, varful conului este punctul
V care apartine dreptei o, iar unghiul la varf este a. Pozitia punctului V" in raport cu sistemul
de coordonate xoyz este definita prin ecuatiile:

X, =x,+kl
Y, =yotkm . (0.39)
z, =kn

Asadar punctul V este definit de parametrii dreptei o'si de un parametru k care defineste
pozitia punctului pe dreapta.
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Fig. 0.11. Sistemele de coordonate utilizate pentru identificarea parametrilor corespunzatori unei
suprafete conice

Consideram un punct P de coordonate (xyz) aflat pe suprafata cilindrului. Distanta de la P
la dreapta o poate fi exprimata cu ecuatia:
|omxop|
r=D(P,5) = = H ux OPH ( 0.40)
oM

De asemenea, consideram triunghiul dreptunghic AVMP, in care unghiul VMVP este egal
cu a/2.

r =W~sin(%) (0.41)

AM| = J(x = x, = kD) +(y = o —km)* + (z = kI)? (0.42)
Combinand ecuatiile ( 0.40), ( 0.41) si ( 0.42) rezulta:

SOy — kDY + (v =y —km)* +(z—~kN1—m* — 7 )’ sin(5) -
\/lxll—mz ~I? (y—yo)—sz2 +{Iz—\/1—m2 —Iz(x—xo)J2 +[m(x—xo)—l(y—yo)]2

Consideram faptul ca sistemul xyz este rotit cu un unghi @ in raport cu un sistem de
coordonate fix XYZ. Coordonatele X y z sunt exprimate 1n sistemul XYZ cu transformarea:

dar,

(0.43)
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x=X-cos()—7Y -sin(H)
y=X-sin(f)+7Y -cos(0) (0.44)
z=/

Ca si in cazul identificarii parametrilor suprafetelor cilindrice, masurarea se realizeaza in
coordonatele masinii, iar instrumentul de masura este orientat dupa directia axei X a masinii.
Coordonatele punctelor explorate de sistemul de masura al masinii sunt caracterizate de
valoarea Y=0. Rezulta:

x=X-cos(6) (0.45)
y =X -sin(0)
z=/7

Inlocuim ( 0.45) in ecuatia ( 0.43) si obtinem o ecuatie de gradul 2 in care X este
necunoscuta.

aX>+bX +¢c=0 ( 0.46)

Prin rezolvarea ecuatiei obtinem doud solutii corespunzatoare punctelor ce apartin cilindrului
pentru care Y=0, dar o retinem pe cea pentru care valoarea X este mai mare
—~b+~b* —dac

X, (,m,x,,y,.k,0,0,Z) = 5 . (0.47)
a

Pentru identificarea parametrilor /, m, xy, o, k $1 a se va proceda ca si in cazul in care
suprafata de referinta este cilindrica. Se va realiza un ciclu de masurare, in timpul caruia
piesa va fi rotitd, iar comparatorul va fi deplasat pe directia axei Z pentru a se realiza
inspectia suprafetei de referinta.

Valorile masurate de comparatorul digital vor fi inregistrate intr-o baza de date care va
contine pentru fiecare inregistrare a comparatorului pe care o vom nota Xm, valorile
corespunzatoare cotei Z si unghiului de rotatie al arborelui principal C determinate in
momentul masurarii.

Se rezolva urmatoarea problema de optimizare:

Dandu-se lista valorilor Xm(i), C(i), Z(i) cu de la i =1..n, unde n este numarul de

masuratori sa se determine /, m, xy, yy, k $1 o astfel incat suma:
2

S = (XmGi) - X, (L,m, x,, vy, k., C(0), Z(0))) (0.48)
i=1
sa fie minima. Problema de optimizare este o problema de regresie neliniara care poate fi
rezolvata folosind aceeasi algoritmi ca §i in cazul problemei identificarii suprafetei de
referinta cilindrice.

Aplicarea corectiilor in vederea diminuarii erorilor de pozitie reciproca

Dupa identificarea parametrilor de pozitie corespunzatori suprafetei de referinta este necesara
determinarea pozitiei punctelor aflate pe suprafata ce trebuie prelucrata, astfel incat axa
acesteia sa fie identica cu axa suprafetei de referintd. Pentru a prelucra suprafata astfel incat
erorile de pozitie in raport cu suprafata de referinta sa fie minime este necesar ca in timpul
prelucrarii si a rotirii arborelui principal, cutitului sa 1i fie aplicate miscari de corectie dupa
directia axei X. Evident, amplitudinea acestor miscari este redusa, insd frecventa lor este

126



Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

ridicata. Actionarea saniei transversale pentru realizarea miscarilor de corectie nu este
realizabild fizic datoritd inertiei mari a elementelor care alcdtuiesc lantul cinematic de avans.
In schimb se poate utiliza un element de executie piezoelectric, care poate opera la frecvente
ridicate de pana la 600Hz si deplasari de pana la 600 de microni.

Placuta de
carbura

Element de
executie

Compensare deviatie piezoelectric

Fig. 0.12. Sistem de compensare a deviatiilor folosind element de executie piezoelectric

Sa considerdm situatia in care suprafata ce trebuie prelucrata este de tip cilindric sau conic.
Cunoscand parametrii care definesc pozitia axei suprafetei de referinta, adica parametrii /, m,
X0, Yo . precum §i parametrii nominali ai suprafetei ce trebuie prelucrate, de exemplu raza R
pentru suprafetele cilindrice sau parametrii £ §i & pentru suprafete conice se poate determina
o relatie de forma X _(I,m,x,,y,,R,0,z) sau X _(I,m,x,,y,,k,c,6,Z) in care prin

introducerea coordonatelor @ si Z se obtin corectiile ce trebuie aplicate sculei.
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C
onceperea si realizarea

standului experimental

4.1  Sistemul tehnologic experimental
4.2 Sistemul de monitorizare

4.3 Concluzii

Sistemul tehnologic experimental

Pentru realizarea experimentelor fizice necesare pentru studiul aspectelor legate de
conducerea holistic integrata a sistemelor tehnologice, s-a realizat un stand experimental
compus dintr-un strung frontal de productie romaneasca, an de fabricatie 1982. Masina

unealtd permitea initial doar efectuarea unor operatii de strunjire longitudinala si transversale.
. . I ! € 10 N -

Fig. 0.1. Sistemul tehnologic experimental

Structura cinematica a masinii permitea deplasarea celor doua sanii, sania
longitudinald si sania transversald folosind un singur motor de actionare. Axele de deplasare
X si Z, aferente acestor sanii erau actionate succesiv, pentru a permite efectuarea operatiilor
de prelucrare. Lanturile cinematice corespunzatoare miscarilor de avans au ca elemente de
transformare a migcarii de rotatie in migcare de translatie suruburi cu bile. Magina are in
componenta sa un cap revolver dotat cu patru posturi de lucru.

Lantul cinematic al arborelui principal cuprinde doua cutii de viteza, o cutie de viteze
cu rotii cuplabile ce permite obtinerea a patru trepte de turatie §i o cutie de viteze cu roti
baladoare. Actionarea cutiei de viteze cu roti culpabile se realizeaza utilizand patru cuplaje
electromagnetice. Actionarea cutiei de viteze cu baladoare ce se afla in papusa fixa si care
permite, de asemenea, selectarea a patru trepte de turatie, se realizeaza utilizand o cheie care
se introduce ntr-un lacas aflat in capul arborelui. Selectarea unei game de viteze se putea
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realiza doar in situatia in care arborele principal era oprit. Actionarea lantului de viteze al
arborelui principal se realiza utilizdnd un motor electric asincron cu rotorul in scurt circuit cu
doua trepte de turatie (1500 rpm/11KW, 3000rpm/18KW). Turatia arborelui principal putea fi
schimba doar in trepte.

Sistemul de conducere al strungului era un sistem de comanda rigid, realizat in logica
cablata, introducerea programului se realiza utilizand un sistem de tip matrice cu diode.
Stabilirea cotelor program pentru fiecare axa de lucru se realiza utilizand un sistem de
opritori reglabili (un set de came prereglate ce sunt detectate folosind microlimitatoare
electrice).

Aceasta structurd de comanda rudimentara nu putea fi folositd pentru efectuarea
experimentelor deoarece nu era controlatd numeric, posibilitatea de control fiind limitata in
special datoritd modului de implementare a sistemului de comanda. Sistemul de actionare
electricd al masinii era necorespunzator deoarece nu permitea variatia continua a turatiei
arborelui principal, iar durata de raspuns a comenzilor de schimbare a treptelor de turatie era
ridicatd 1n cazul 1n care era necesard schimbarea semnificativa a turatiei. Mai mult decat atat,
structura mecanicd a masinii nu era proprie pentru efectuarea partii experimentale. Lanturile
cinematice de avans aferente saniilor maginii aveau o laturd comuna si de aceea nu era
posibild deplasarea independenta a celor doud axe de deplasare in vederea stabiliri unor
corectii dimensionale.

Avand 1n vedere aceste aspecte s-a modificat structura mecanicad a masinii unelte,
eliminandu-se legatura comuna a celor doua lanturi de avans, introducandu-se elementele
necesare pentru interfatarea mecanicd a doud motoare de avans si a cinci traductoare de
pozitie. Doua traductoare au fost folosite pentru fiecare axa de lucru, unul pentru a cuantifica
rotatia arborelui principal, iar celelalte doua au fost folosite pentru a realiza comanda in bucla
inchisa motoarelor folosite pentru actionarea lanturilor cinematice de avans.

Sistemul de actionare electrica a masinii a fost schimbat in Intregime, a fost proiectata o
noud schema electrica pentru actionarea strungului. Motorul actionarii de avans, motor
electric de curent continuu cu rotor disc a fost Inlocuit cu doud motoare asincrone cu rotorul
in scurt circuit. Motorul actiondri principale a fost pastrat insa s-au folosit doar infagurarile
pentru stabilirea vitezei de 3000 rot/min. Comanda motoarelor de avans este realizata
folosind variatoare de viteza Altivar 71 produse de Schneider Electric. Variatoarele care
comandad motoarele ce antreneaza lanturile cinematice aferente axelor X si Z au fost dotate cu
carduri pentru realizarea functiei de control vectorial cu senzor. Pozitia rotoarelor motoarelor
de avans este furnizatd de traductoare incrementale de pozitie. Variatorul folosit pentru
actionarea motorului arborelui principal opereaza in bucla deschisa.
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Fig. 0.2. Dulapul electric al strungului SF280

Sistemul de comanda implementat in logica cablata a fost inlocuit cu un sistem
implementat in logica programabild. Acest sistem este compus dintr-un controler logic
programabil Telemecanique din gama Premium. Controler-ul are o structurd modulara avand
in componenta sa module specializate. In logica cablati a fost proiectati doar partea care este
responsabild de securitatea instalatiei si a personalului, mai precis partea care gestioneaza:
butoanele de avarie, limitatoarele electrice de capat de cursa, limitatoarele care detecteaza
inchiderea usilor dulapului electric.

Structura controlerului contine un modul procesor care executa programul de control al
masinii, memoreaza datele si constantele specifice masinii. Pentru controlul/achizitia iesirilor,
respectiv a intrarilor, s-au utilizat module specializate, module care se afla in legatura cu
circuitele de interfatare.(notate cu CI in figura 0.3). Modulele de iesiri discrete controleaza
motoarele cu functii auxiliare cum ar fi cele destinate sistemelor de ungere, de rotire a capului
revolver (Mcr), de racire ungere. Modulele de intrari sunt folosite pentru achizitia comenzilor
de pe pupitrul de comanda si toti senzorii masinii.

130



Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

Controler logic programabil
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Fig. 0.3. Structura sistemului de actionare §i comanda al strungului SF280

Structura de control cuprinde module pentru controlul axelor de deplasare, module care
achizitioneaza semnale generate de traductoarele de pozitie incrementale (Tac, Tax, Taz) si
genereazd semnalele bipolare de referinta pentru variatoarele de frecventd. Functia de
comunicatie este disponibild de la nivelul modulului procesor care permite conectarea la
retele seriale industriale RS845 cu protocolul Unite]Way, dar si de la nivelul unui modul care
permite conectarea In retea Ethernet permitand controlul chiar prin internet.

Functia de interfatd om-masina a strungului a fost implementata folosind un terminal
industrial de control compatibil PC cu ecran tactil (touch screen). Controlerul logic
programabil comunica cu terminalul industrial folosind reteaua UnitelWay.

Modulul de comunicatie Ethernet este folosit pentru a permite conectarea controlerului la o
retea In vederea monitorizarii functionarii maginii. Viteza mare de transfer permite
achizitionarea datelor din memoria controlerului programabil cu o frecventa de esantionare
ridicata.
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Fig. 0.4. Pupitrul de comanda al strungului SF280

A fost realizat un program de comanda al controlerului programabil. Programul a fost
implementat utilizand software-ul de programare PL7 Pro. Limbajele in care a fost
implementat programul de control al masinii sunt limbajele definite de standardul IEC 1131-3
si anume Sequential Function Chart, pentru procesarea secventiald asociata functionarii
strungului, si limbajele Instruction List, Ladder si Structured text, pentru programarea
actiunilor corespunzatoare pasilor Grafcet, a conditiilor asociate tranzitiilor de la un pas la
altul, precum si a partii de program care nu necesita procesare secventiala.

Program de control al strungului este executat ciclic cu o frecventa cuprinsa intre 100 si 300
Hz. Programul de control al strungului comunica cu terminalului om-masina folosind un
server de date OPC- OPC Factory Server, server dezvoltat de Schneider Electric. Serverul de
date OPC gestioneaza transmiterea de date prin intermediul driver-ului corespunzator
protocolului de comunicatie Unite]lWay link.
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Driver
comunicatie
HMI pentru ﬁ Modul
Unitelway (=, comunicatie
Port terminal
Interpretor
Control
Server OPC
Configurare .
masin Secventiere Modul
operatii procesor
Diagnostic Interpolator
Module 10
it —|
Masina | Control |
Senzori si i elemente }
elemente de , discrete |
executie | S |
discrete L
4 |
viteza T Co_ntr(l))l axe ' Modul
! si arbore !
Traductoare de | N principal ! control axe
pozitie (| i

Fig. 0.5. Structura sistemului de comanda al strungului SF280

Obiectul OPC data server furnizeaza o modalitate de acces sau de comunicatie cu mai multe
surse de date. Clientul OPC se conecteaza la server cu care poate comunica folosind
interfetele acestuia. Serverele OPC permit aplicatiilor client sa creeze si sa utilizeze obiecte
de tip grup de articole. Toate obiectele prezentate respecta specificatiile COM si de aceea pot
fi adresate doar prin intermediul interfetelor lor. Grupurile sunt obiecte care ofera
posibilitatea clientilor de a-si organiza datele pe care doresc sa le acceseze. Grupurile de
articole pot fi activate sau dezactivate ca o unitate. Fiecare grup de articole furnizeaza
clientului o modalitate de subscriere la o lista de articole pentru a fi notificat de modificarea
valorii lor. De asemenea, un grup permite efectuarea unor operatii de scriere sau de citire a
unui set de articole OPC. Un articol OPC poate fi un element de memorie CLP, o intrare, o
iesire sau orice alt element adresabil prin intermediul programului controlerului programabil.
Operatiile de scriere sau de citire pot fi operatii sincrone sau asincrone. La accesarea unor
functii sincrone programul client OPC este blocat pana cand functia apelatd returneaza un
rezultat, la apelarea functiilor asincrone functia apelata de client returneaza un rezultat
instantaneu inainte de finalizarea operatiei de scriere sau de citire, insd dupd finalizarea
operatiei, clientul va fi informat prin apelarea functiilor unui obiect COM implementat de
client.

Aplicatia ce ruleaza pe terminalul de control implementeaza functia de interfatd om-
magind, functia de interpretor si partea de configurare software a masinii. Utilizand aplicatia
ce ruleaza pe terminalul de control concomitent cu pupitrul de control al masinii strungul
poate fi controlat in modul de lucru manual, adica este posibila efectuarea de deplasari cu sau
fara a preciza un increment de miscare, se poate stabili turatia arborelui principal care poate fi
variatd in mod continuu, se poate selecta viteza de deplasare a axelor, se poate comanda
oprirea, blocarea sau eliberarea arborelui principal al masinii, se poate solicita schimbarea
pozitiei capului revolver.

Sistemul de comanda implementeaza, de asemenea, functia de autodiagnostic,
informand operatorul asupra defectiunilor aparute pe parcursul functionare. De la nivelul
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terminalului de control este posibila configurarea unor parametri referitori la masina unealta,
cum ar fi treapta de turatie selectatd mecanic, de la nivelul cutiei de viteze.

Tot la nivelul terminalului de control este implementat un program care interpreteaza
programul introdus de operator in format ISO pentru comanda masinii unelte. Programul
piesa poate fi transferat in memoria controlerului care il va executa secventa cu secventa.
Aplicatia de comanda a structurii controlerului programabil este o aplicatie monotask, intreg
programul fiind executat 1n task-ul MAST. Programul este alcatuit din doua parti:

. Erori-sectiune folositid pentru partea de autodiagnostic a masinii. In

acest regim sunt analizate conditiile de functionare corespunzitoare a elementelor
maginii, a sistemului de comanda si a modului de executare a operatiilor impuse.

o Secvential-sectiune folositad pentru a realiza comanda propriu-zisa a
maginii. Sectiunea este bazatd pe partea de procesare secventiald corespunzatoare
diagramelor Grafcet de comanda. La fiecare ciclu de baleere a programului CLP se
executd suplimentar fata de elementele Grafcet urmatoarele structuri:

o Preprocesare — PRL- executata inaintea diagramei Grafcet este folosita
in special pentru gestionarea regimurilor de lucru ale masinii si pentru
determinarea rezultatelor unor expresii utilizate pe tot parcursul programului.

o Postprocesare —Post- fiind ultima parte din program executatd inainte
de actualizarea iesirilor, postprocesarea este utilizatd pentru asigurarea
interblocajelor specifice aplicatiei dar si pentru gestionarea modului de lucru
manual.

O sectiune de program denumitd “ Erori” este scrisd in limbajul Ladder si face analiza
tuturor conditiilor necesare functiondrii corecte si a conditiilor de asigurare a sigurantei de
functionare.

Rezultatul acestei sectiuni este finalizat printr-o suma de erori depusa in variabila de tip
boolean si un cod de eroare depus intr-o variabila de tip cuvant. In cazul in care toate
conditiile de functionare sunt asigurate bitul este inactiv, iar variabila prin care se precizeaza
codul erori are valoarea 0. Valoarea bitului ,,suma de erori” conditioneaza toate activitatile
din celelalte sectiuni ale programului. Astfel, in momentul in care acest bit este activ, toate
actiunile din celelalte sectiuni ale programului sunt inhibate si se apeleaza o serie de
proceduri de tratare a erorii aparute.

Analiza conditiilor ce trebuiesc indeplinite se face astfel incat atunci pe masina exista
mai multe conditii neindeplinite sa se genereze un cod de eroare care sa se apropie cat mai
mult de cauzele defectiunii. Acest lucru este posibil prin suprascrierea cuvantului de eroare
astfel incat o posibild cauza a unei erori sd aiba un cod mai mic decat eroarea respectiva.
Erorile sunt analizate succesiv si in cazul in care este gasita o defectiune se verifica existenta
unor defectiuni cu nivel de prioritate mai mare. Daca nu exista o altd eroare prioritara, se
depune in variabila de tip cuvant codul corespunzator erorii detectate.

Exista situatii in care datoritda unei defectiuni se genereaza un set de defectiuni in lant. De
exemplu daca variatorul unei axe nu mai functioneaza eroarea de pozitionare din cadrul
miscdrii curente va creste peste limita admisibild. Cauza acestei situatii nu este o defectiune
mecanicd, ci faptul ca variatorul nu functioneaza. Se verifica daca valoarea variabilei este
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nula, caz in care se dezactiveaza bitul sumei de erori sau daca valoarea acesteia este nenula se
activeaza bitul sumei de erori..

Programul de interfatd om-masina fi notificat despre schimbarea variabilei ce contine
codul de eroare si va afisa operatorului un mesaj prin care se specifica cauzele aparitiei erorii
si posibilitatile de remedire.

In cadrul sectiunii de procesare secventiali se realizeaza printre altele gestionarea
modului in care programul piesa transmis de catre programul ce ruleaza pe terminalul de
control al masinii este gestionat. Pentru aceasta, pentru fiecare functie ce intra in componenta
frazei curente se va realiza o operatie de scriere a memoriei controlerului de catre programul
de interfatd om-magina. Scrierea se realizeaza in locatii prestabilite de memorie. Confirmarea
transmiterii unei fraze se realizeaza, de asemenea, prin scrierea unui bit din memoria
controlerului. Controlerul transfera datele receptionate intr-un buffer circular de memorie
care poate stoca pani la 16 fraze. In timpul executiei unei fraze transferul de date dintre
terminal si controler nu este sistat decat atunci cand bufferul este plin.

Una din diagramele Grafcet este folosita pentru secventierea corespunzatoare executiei
modului de lucru automat. Aceasta diagrama este prezentata in figura 0.6.

X II”E Asteptare activare mod de lucru automat

Mod automat activat

Asteptare activare lansare in
executie serii de instructiuni de

=L ]

migcare
lesire mod automat jl:' - | aRsErS i exEiitie
A
2 |- Functii auxiliare pre
A Functii auxiliare pre activate
S ; [ Instructiuni de migcare
Serie de instructiuni de migscare
<+ activate
s = y Functii auxiliare post

lesire mod automat

f. - Functii post activate

Fig. 0.6. Diagrama Grafcet pentru conducerea strungului dupa program

Pasul 0 este activ cand modul de lucru automat nu a fost activat. Tranzitia de la pasul 0 la
pasul 1 implicé activarea modului de lucru automat de la nivelul interfetei om-magina si
apasarea unui buton de pe panoul instalatiei in vederea lansarii in executie a programului
piesa.

Lansarea in executie a unei fraze este analizata de controler care nu initiaza executia decat
dupa ce analizeaza situatia 1n care frazele ce contin miscari care trebuie efectuate in mod
continuu vor putea fi executate corespunzator, adica fara oprirea miscarilor. Controlerul
asteapta 1n pasul 1, pand cand bufferul circular este plin sau pana cand in buffer este prezenta
o instructiune care necesita un timp mare de executie de exemplu G04 F..adica temporizare
sau functii auxiliare gen M03, M04, M05, M06 etc. In aceasta situatie se realizeaza trecerea
la pasul Grafcet urmator, adica la pasul 2.
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Functiile auxiliare ce trebuie activate inainte de efectuarea miscarilor denumite functii ,,pre”
sunt efectuate 1n pasul 2. Dupa activarea acestor functii, se trece la executarea instructiunilor
de miscare pasul 3. Instructiunile de migcare sunt transmise secvential catre modulul de
control al axelor care controleaza variatoarele de viteza corespunzatoare axelor de deplasare
si arborelui principal. Dupa ce s-a efectuat un intreg ciclu de instructiuni de miscare, se
realizeaza trecerea la pasul 4, in care se executa functiile auxiliare ,,post” cum ar fi: M0S,
MO06, MO1, M02, M09. in cazul in care se doreste renuntarea la executia programului piesa,
operatorul va comanda prin intermediul terminalului de control, activarea unui bit care va
determina activarea pasului 1 sau 4 si apoi trecerea la pasul 0. Pasul 0 este activat prin
tranzitia de la pasul 4 si in conditiile in care in cazul frazei curente este programata functia
MO2.

Sistemul de monitorizare

In vederea monitorizarii functionirii masinii a fost proiectat un sistem dedicat care are drept
scop construirea unei bazei de date in care vor fi stocate toate informatiile referitoare la
evolutia 1n timp a unor marimi care caracterizeaza procesul de prelucrare. Pentru a monitoriza
functionarea strungului a fost conceput un program implementat in mediul de programare
Microsoft Visual C++. Acest program de monitorizare achizitioneaza date prin intermediul
serverului de date OPC Factory Server. Serverul de date OPC Factory Server foloseste un
driver pentru a comunica prin retea conform protocolului Modbus TCP IP. Calculatorul pe
care ruleaza programul de monitorizare este conectat la o retea Ethernet. Topologia retelei
este de tip stea, elementul central fiind un switch. Folosirea retelei Ethernet a fost preferata
datorita vitezei mari de transfer a datelor de 10-100Mbs.

La aceeasi retea este conectat §i modulul de comunicatie Ethernet din componenta structurii
masinii. Software-ul de monitorizare achizitioneaza de la controlerul masinii date referitoare
la pozitia celor doud axe ale masinii §i pozitia unghiulara a arborelui principal. Rezolutia
traductoarelor corespunzatoare axelor este de 0,5um. Caracteristicile traductoarelor
incrementale folosite cu ajutorul carora se masoara aceste marimi sunt prezentate in tabelul
0.1. De asemenea, se inregistreaza si valoarea unei variabile index care este incrementata la
10ms. Aceasta variabila este folosita pentru a determina daca in timpul monitorizarii s-au
pierdut pachete de date si, de asemenea, este utilizata si pentru a sincroniza date furnizate de
mai multe echipamente.

Tab. 0.1. Caracteristicile traductoarelor incrementale folosite pentru masurarea deplasarilor axelor

de lucru
Rezolutie 5000 impulsuri
Rezolutie obtinuta prin multiplicare 20000 impulsuri
Frecventd maxima 160KHz
Iesire driver RS422

136




Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

Monitorizare

Terminal de operare Ethernet
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Fig. 0.7. Structura sistemului de monitorizare

In aceeasi retea Eternet este conectat un al doilea controler care are posibilitatea de
comunicare pe magistrala CAN Open. Protocolul CANOpen este un protocol de tip fieldbus
bazat pe specificatiile Controller Area Network. CANOpen este un standard de protocol
deschis care este acceptat si implementat de marea majoritate a producatorilor de
echipamente de automatizare din intreaga lume. Variatoarele ATV71 pot fi utilizate ca noduri
CANOpen. Al doilea controler este utilizat ca fiind master-ul pe magistrala CanOpen. Pentru
configurare s-a utilizat pachetul software Sycon produs de Hylscler. GmbH cu ajutorul caruia
se poate defini fiecare dispozitiv de pe magistrald pe baza unui EDS (Electronic Data Sheet).
Pentru fiecare din cele trei variatoare s-a definit cate un obiect PDO (Process Data Object).
Pentru fiecare obiect PDO s-au selectat din EDS-urile dispozitivelor, EDS-urile fiind in acest
caz identice pentru fiecare dispozitiv, urmatoarele obiecte care vor fi accesibile la nivelul
Master-ului:

- valoarea curentului absorbit,

- valoarea cuplului dezvoltat,
- energia consumata,
- puterea debitata.

Avand in vedere faptul ca variatoarele de vitezda ATV71 nu sunt
aparate de masura, producatorul nu furnizeaza detalii privind
acuratetea cu care sunt masurate aceste marimi.

La structura controler-ul sistemului de monitorizare poate fi
adaugat un modul prin care se pot achizitiona date de la un sistem de
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masurare ,,on machine”. Acest sistem este alcatuit din doua comparatoare digitate Heidenhain
de tip ST1278 cu urmatoarele caracteristici:

- iesire compatibila RS422,

- rezolutia 1pm,

- cursd 12 mm,

- acuratete =1 pm.

Modulul prin care se monitorizeaza semnalele furnizate de comparatoarele digitale este dotat
cu patru intrari cu posibilitate de numarare rapida de pana la 1MHz. Comparatoarele au fost
montate pe un suport care are rolul de a le sustine in timpul operatiei de masurare.
Controlerul care monitorizeaza comparatoarele digitale, retine valoarea curenta a
numaratoarelor rapide, la fiecare ciclu de baleere a programului intr-o zonad tampon de
memorie. Aceasta zona tampon retine fiecare valoare pentru circa 100ms, adica pentru 10
cicluri de baleere a programului. In zona tampon datele sunt pozitionate in functie de timpul
la care acestea au fost achizitionate. Pe masura ce date noi sunt introduse in buffer, datele
vechi sunt sterse, insa 1n conditii normale, aceste date sunt accesate de programul de
monitorizare la aproape fiecare ciclu de baleere al programului.

In controlerul master a fost implementat un program care transfera datele transmise de
variatoare intr-un zona tampon de memorie alcatuita din 200 de cuvinte. Zona tampon este
gestionatd in mod similar cu zona tampon in care se depun valorile curente ale
numaratoarelor care numara impulsurile furnizate de comparatoare.

In afara sistemului de monitorizare descris anterior, in vederea masurarii fortei de aschiere, s-
a utilizat un sistem de achizitie de date produs de HBM denumit Spider 8. Sistemul de
achizitie are in componenta sa patru canale de baza de tip SR5S5, care permit conectarea la
punti alcatuite din marci tensometrice. Primele douad canale pot fi folosite si pentru efectuarea
functiei de numarare rapida. Din nefericire, aceste intrari nu permit conectarea unor
traductoare incrementale cu intrare diferentialda compatibila RS422. Sistemul este echipat, de
asemenea, cu un canal de intrare optional, denumit de producator SRO1, la care se pot conecta
termorezistente, termocupluri, senzori cu iesire bipolard =10V sau cu iesire 4-20mA.
Caracteristicile sistemului de achizitie de date Spider 8.

Tab. 0.2. Caracteristicile sistemului de achizitie de date Spider 8

Clasa de acuratete canal SRO1 0.2

Clasa de acuratete canal SR55 0.1
Rezolutie convertor analog digital +25000
Variatie liniaritate 0.5%
Frecventa maxima pentru canalele de numadrare 1000KHz

Scula folosita pentru efectuarea experimentelor este un cutit de strung produs de firma
Sandvik model ISO DVINL 2020K16.
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DVJNR/L
Ky 93°

Fig. 0.8. Cutitul folosit pentru experimente

Tab. 0.3. Geometria cutitului folosit pentru efectuarea experimentelor

B A H h L A 7 a Xy

s

20 25 20 20 125 46.6 -4 -13 93

Pentru derularea experimentelor au fost folosite insertii marca Garant din carbura
metalicd, a caror geometrie, respectiv material, este sintetizatd in tabelul urmator:

Tab. 0.4. Parametrii placutei

Geometrie VNMG 160404
Unghi la varf ¢ 357

Unghiul de degajare « 0’

Lungimea laturii active | 16 mm

Raza la varful sculei r 0,4 mm
Grosimea placutei s 4,76 mm

Pe cutitul folosit pentru efectuarea diverselor teste au fost aplicate patru marci tensometrice,
conectate doua cate doud in semipunte. Una din semipunti a fost folositd pentru a masura
componenta principala a fortei de agchiere. Cealalta semipunte a fost folosita pentru
masurarea componentei fortei de agchiere corespunzatoare avansului longitudinal. Cutitul a
fost prelucrat astfel incat, in zona pe care au fost fixate marcile tensometrice, sectiunea
acestuia este 20X 17mm.
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Fig. 0.9. Amplasarea marcilor tensometrice pe cutitul folosit pentru experimente

Pentru masurarea vibratiilor a fost utilizat un accelerometru produs de compania americana
Connection Technology Center Inc. de tip AC140-2A a carui specificatii sunt expuse in
tabelul 0.5. Accelerometrul a fost fixat pe scula agchietoare prin fixare cu surub.

Tab. 0.5. Caracteristicile accelerometrului

Sensibilitate 100mV/g
Domeniul de frecventa 1-10000Hz
Frecventa de rezonanta | 23000Hz
Domeniul de temperatura | -50-120°C

Tab. 0.6. Fixarea accelerometrului la nivelul sculei aschietoare

Folosind cele doua canale de numarare rapida de care dispune sistemul de achizitie de date
Spider 8 si doua circuite de interfatare a semnalelor RS422, astfel incat acestea sa poata fi
conectate la intrari compatibile TTL, s-au achizitionat date de la traductoarele de pozitie, cu
ajutorul carora se masoara deplasarea axei Z si rotirea arborelui principal. Datele obtinute de
la aceste traductoare sunt folosite pentru a sincroniza datele obtinute de la sistemul de
achizitie de date Spider cu datele obtinute de la cele doua controlere.
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Concluzii

In urma conceperea standului experimental si a sistemului de prelucrare se pot trage
urmatoarele concluzii:

1. In urma analizei structurii mecanice si a sistemelor de control si actionare a
strungului frontal SF280 s-a determinat ca aceasta nu este potrivit pentru realizarea
experimentelor fizice necesare pentru elaborarea acestei lucrari. De aceea s-a modificat
structura mecanicd a masinii i s-au inlocuit in intregime sistemele de actionare electrica si de
control.

2. Modernizarea sistemului tehnologic experimental a fost realizata folosind
echipamente de control si de actionare ce permit utilizarea unor protocoale de comunicatie
deschise, facilitind monitorizarea si controlul maginii unelte.

3. Sistemul de monitorizare dezvoltat in cadrul cercetarilor permite inregistrarea
marimilor furnizate de traductoare incrementale de pozitie, comparatoare digitale, a fortelor
de aschiere, de accelerometrul fixat pe scula aschietoare si de variatoarele ce controleaza
motoarele sistemului tehnologic experimental.
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Experimente fizice si numerice privind metoda
propusa

conducere holistic integrata

5.1  Experimente pentru controlul erorilor de proces
5.1.1. Programul experimental
5.1.2. Determinarea relatiilor cauzale cu algoritmii RRelief si Corelation Feature Subset
Evaluation
5.1.3. Control bazat pe modelare analitica
5.1.4. Control bazat modele tip Support Vector Regression

5.1.5. Control bazat pe modelare neuronala
5.2 Experimente de control al erorilor de sistem

5.3 Experimente de controlul stabilitatii
5.3.1. Abordare bazatd pe analiza statistica

5.3.2. Abordare bazatd pe analizd armonica
5.4  Experimente de controlul economicitatii
5.5  Experimente numerice de controlul ecologitatii

5.6 Concluzii
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Experimente pentru controlul erorilor de proces

Programul experimental
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organizat un experiment care a constat in prelucrarea unui lot de 40 de piese (figura 0.2),

din OLCA4S5, care anterior au fost prelucrate pe strungul frontal SF280. Suprafata

semifabricatelor ce au fost prelucrate in cadrul acestui experiment a fost alcatuita din zone
conice, cu lungime de 8mm, cu o pantd maxima de 1/4 . Lungimea totald a piesei a fost de

120 de mm, iar partea prelucrata din piese a avut o lungime de 60mm. Din totalul de piese
ale lotului, doar prelucrarea a 29 de piese a fost monitorizata. In figura 0.1 se prezinta
forma semifabricatelor care au fost prelucrate, iar in tabelul 0.1 se prezinta valorile pentru
diametrele cotate 1n figura, precum si valoarea avansului cu care piesele au fost

prelucrate. Turatia arborelui principal a fost aceeasi pentru intreg lotul, valoarea acesteia

fiind de 800 lot/min.

60
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Fig. 0.1. Forma semifabricatelor folosite pentru determinarea deviatiilor dimensionale

Fig. 0.2. Lotul de semifabricate folosit pentru experiment
Tabel 0.1.Dimensiunile semifabricatelor prelucrate in cadrul lotului

Nr. ®dl | ®dd2 | Dd3 | Dd4 [ Dd5 | D6 | Dd7 | D8 Avans
Crt. |[mm] |[mm] |[mm] |[mm] |[mm] |[mm] |[mm] |[mm] | [mm/lot]
1 402 |40 40.2 404 [40.6 |408 [40.8 |422 0.2
2 40.6 1396 392 1394 (396 |40 402|424 0.2
3 40 39.8  [39.6  [39.8 [40 402 402 [40.8 0.25
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4 39.8 42 42 42 42 42 42 41 0.3
5 40.2 39.8 39.8 40 40.2 40.2 40 39.8 0.2
6 40.4 40.6 40.6 40.8 40.8 41 41.2 39.6 0.25
7 40.6 39.4 39.8 40 40.2 40.4 40.2 40 0.3
8 40 40.6 40.6 41 41 40.8 40.8 42 0.35
9 40 41.8 41.8 41.8 41.8 42 42.4 40.2 0.2
10 39.4 40.4 40.2 40.4 40.8 41 41 40.8 0.25
11 39.8 40.6 40.6 40.6 40.8 40.6 40.8 40.2 0.3
12 42 40 40.2 40 40.2 40 40 41 0.35
13 40 40.6 40.6 40.6 40.8 41 41.2 41.8 0.2
14 40.8 40.2 40 40.2 40.4 40.8 40.8 40.8 0.25
15 40 39.8 39.8 39.8 39.8 39.8 39.8 40.8 0.2
16 41 39.8 40.2 40.2 40 39.8 40 40 0.25
17 41.8 40.4 40.4 40.8 41 41.2 41.2 40.8 0.25
18 40.4 40.6 40.6 41 41.2 41.2 40.8 41 0.2
19 42.2 40 40 39.6 39.6 40 40 40.2 0.3
20 42.6 40.2 40 40.4 40.6 40.8 40.8 40.8 0.2
21 40.8 40 40 40.4 40.8 41 40.8 42 0.25
22 40.8 41.6 41.6 42 42.2 42.2 42.2 39.8 0.25
23 39.8 41.6 41.6 42 42.4 42.6 42.4 40.6 0.3
24 40.6 40.4 40.2 40.6 40.6 40.8 40.8 39.8 0.3
25 40.8 40.8 40.8 40.8 40.8 40.8 41 40.6 0.2
26 39.8 39.8 39.6 39.8 39.8 39.8 39.8 41.8 0.25
27 39.4 39.4 39.4 39.4 39.6 40 40 40.2 0.3
28 38 40.6 40.8 40.6 40.8 41.2 41.4 39.8 0.35
29 40 41.8 41.8 41.8 41.8 42 42.4 40.2 0.35

Prelucrareg lotului de piese a fost monitorizata utilizand sistemul descris in capitolul 4 al
cestei lucrari. Inainte de prelucrarea pieselor, sistemul de masura “on machine” a fost
sincronizat, folosind urmatorii pasi:

1. In universal a fost introdusd o piesd similarda cu piesele ce alcatuiesc lotul de piese.
S-a stabilit originea programului astfel incat piesa rezultatd in urma prelucrari sa
rezulte cu diametru de referintd Dreg de 38 mm. Piesa a fost prelucrata in doua
treceri, utilizind un regim de prelucrare mai putin intens (s=0,05 mm/lot, t=0,3mm,
n=800 lot/min). Cota X corespunzatoare deplasarii saniei longitudinale pentru care s-a
obtinut diametrul de Dreg, a fost retinuta §i impusa pentru prelucrarea lotului de piese.
Pentru a lua 1n considerare jocul de intoarcere corespunzator axei X, pe ghidajele
saniei longitudinale a fost montat un comparator digital care este monitorizat de
sistemul integrat de masurare ,,on machine”. Sistemul de monitorizare a fost setat

astfel incat valoarea corespunzatoare comparatorului sa fie egala cu 0.
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Fig. 0.3. Setarea sistemului de masura al maginii

2. Piesa prelucratd in primul pas a fost exploratd utilizand sistemul de masurd “on
machine”, cu cele doud comparatoare montate pe un suport fixat pe unul din posturile
capului revolver al strungului. in figura 0.4 se prezinti modalitatea in care s-a efectuat
ciclul de masurare. In urma exploririi s-a obtinut o bazi de date in care au fost
inregistrate valorile masurate de comparator pe toatd suprafata piesei. Fiecare
comparator a fost setat la valoarea zero care a fost determinatd pentru a corespunde
valorii medii Inregistrate de fiecare comparator pe parcursul prelucrarii.
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K Comparatoare .

I i " Universal
sistem de masura
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Fig. 0.4. Setarea sistemului de masura ,,on machine”

3. Inainte de prelucrarea fiecirei piese, s-a masurat fiecare semifabricat utilizind
sistemul de masurd “on machine”, determinidndu-se punctual marimea adaosului de
prelucrare. Piesele au fost masurate in timp ce arborele principal a fost rotit cu o
turatie redusa de 60 de rotatii pe minut, iar comparatoarele au fost deplasate pe
directia generatoarei pieselor cu o vitezd corespunzitoare avansului folosit la
prelucrare.

4. Fiecare piesd a fost prelucratd mentindnd aceeasi turatie pentru arborele principal,
turatie de 800 de rotatii pe minut. Pentru avans au fost folosite patru valori 0,2mm/rot;
0,25mm/rot; 0,3mm/rot; 0,35mm/rot. Datoritd modului de fixare al pieselor in
universal, axa arborelui principal nu a fost identicd cu axa pieselor si, de aceea,
adancimea de aschiere a wvariat si in functie de pozitia axei de rotatie C
corespunzatoare rotatiei arborelui principal. Pentru a corela sistemul de masurd al
maginii atat cu sistemul de masurare ,,on machine”, cat si cu sistemul de achizitie de
date Spider 8, pentru fiecare piesd la capatul acesteia, la 57 de mm fata de suprafata
frontald a piesei fost prelucrat un canal circular cu adancimea de 1 mm asa cum este

prezentat in figura 0.5.

Referinta

57

ODref
|

Fig. 0.5. Prelucrarea lotului de piese

5. Piesele prelucrate au fost masurate 1n timp ce arborele principal a fost rotit cu o turatie
redusd de 60 de rotatii pe minut, iar comparatoarele au fost deplasate pe directia
generatoarei pieselor cu o vitezd corespunzatoare avansului folosit la prelucrarea
piesei. In timpul deplasirii comparatoarelor, s-a detectat pozitia canalului circular.
Aceasta pozitie a fost folosita pentru sincronizarea sistemelor de masura.
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6. Inurma prelucririi pieselor s-a obtinut o baza de date a carui structura este prezentati

in tabelul 0.2. Datele aferente acestei baze de date au fost inregistrate cu o frecventa

de esantionare de 100Hz. De la sistemul de masura Spider s-a obtinut o baza de date

la care inregistrarile au fost esantionate cu o frecventa de 9600 HZ . Structura bazei de

date obtinutd de la sistemul de achizitie de date Spider este prezentata in tabelul 0.3.

Tabelul 0.2.Structura bazei de date obtinutd prin monitorizarea sistemului de masura al maginii

Nr | Cod Semnificatie
1 Index Valoare incrementata la fiecare 10 ms. Este supervizata de software-ul
de monitorizare pentru a determina locatia Inregistrarii in baza de date.
2 Cuplu C Valoarea momentului debitat de motorul arborelui principal, exprimata
procentual in raport cu cuplul nominal al motorului.
3 Putere C Valoarea puterii instantanee absorbitd de motorul arborelui principal,
exprimatd procentual in raport cu puterea nominald a motorului.
4 Consum C Energie consumata de motorul arborelui principal exprimatd in KWh.
5 Curent C Valoarea curentului instantaneu absorbit de motorul arborelui
principal. Exprimata in A.
6 Cuplu Z Valoarea momentului debitat de motorul folosit pentru antrenarea
lantului cinematic de avans longitudinal, exprimata procentual in raport
cu cuplul nominal al motorului.
7 Putere Z Valoarea puterii instantanee absorbitd de motorul folosit pentru
antrenarea lantului cinematic de avans longitudinal, exprimata
procentual in raport cu puterea nominald a motorului.
8 Consum Z Energie consumata de motorul folosit pentru antrenarea lantului
cinematic de avans longitudinal exprimata iIn KWh.
9 Curent Z Valoarea curentului instantaneu absorbit de motorul folosit pentru
antrenarea lantului cinematic de avans longitudinal. Exprimata in A.
10 Cuplu X Valoarea momentului debitat de motorul folosit pentru antrenarea
lantului cinematic de avans transversal, exprimata procentual in raport
cu cuplul nominal al motorului.
11 Putere X Valoarea puterii instantanee absorbitd de motorul folosit pentru
antrenarea lantului cinematic de avans transversal, exprimata
procentual in raport cu puterea nominald a motorului.
12 Consum X | Energie consumata de motorul folosit pentru antrenarea lantului
cinematic de avans transversal exprimata in KWh.
13 Curent X Valoarea curentului instantaneu absorbit de motorul folosit pentru
antrenarea lantului cinematic de avans transversal. Exprimatd in A.
14 Comparator | Valoarea deviatiei dimensionale masurata cu ajutorul comparatorului
1 aflat in partea inferioard a suportului.

15 Comparator | Valoarea deviatiei dimensionale masurata cu ajutorul comparatorului
2 aflat in partea superioard a suportului.

16 Comparator | Valoarea furnizata de comparatorul care determind pozitia transversala
3 a sanie strungului.

17 Unghi C Pozitia curenta a axei C, corespunzatoare arborelui principal, exprimata

in minute.
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18 Cota Z Pozitia curenta a axei Z, corespunzatoare axei longitudinale, exprimata
in micrometri.

19 Cota X Pozitia curenta a axei X, corespunzatoare axei transversale, exprimata
in micrometri.

Tabelul 0.3.Structura bazei de date obtinuta prin monitorizarea sistemului de achizitie de date Spider

Nr. | Cod Semnificatie

Crt.

1 Timp Momentul la care s-a realizat masuratoarea in raport cu momentul
inceperii achizitiei de date

2 Cota C Pozitia curenta a axei C, corespunzatoare arborelui principal,
exprimatd in rotatii.

3 Cota Z Pozitia curenta a axei Z, corespunzatoare axei longitudinale,
exprimatd in micrometri.

4 Forta 1 Marimea masurata de prima semipunte tensometricd. Exprimata in
N.

5 Forta 2 Marimea masurata de a doua semipunte tensometrica. Exprimata in
N.

6 Accelerometru | Marimea tensiunii furnizata de accelerometru. Exprimata in
milivolti.

In figura 0.6 se prezinta diagrama de variatie a marimii inregistrate de comparatorul 1 in
timpul ciclului de masurare ce a precedat operatia de prelucrare. Se observa faptul ca
mirimea inregistrata variaza in limite largi. In figura se observa doua tipuri de variatie:

- 0 componentd care variaza lent in raport cu timpul, componenta a carei profil se

aseamana cu profilul generatoarei semifabricatului. Aceastd componenta corespunde
intervalului de timp de la 25 la 300 de secunde in diagrama. Pentru primele 25 de
secunde se observa faptul ca profilul componentei lent variabile are forma unui arc de
cerc. Acest lucru se datoreaza faptului ca in timpul deplasérii comparatoarelor pe
piesd, avansul axei Z a fost egal cu zero, doar axa transversala deplasandu-se. Astfel
comparatorul a inregistrat datele care corespund formei circulare a piesei.

- 0 componenta care variazd rapid in timp. Aceastd componentd corespunde deviatiilor

in jurul componentei cu variatie lentd in timp.
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Fig. 0.6. Variatia adaosului de prelucrare pentru o piesa a lotului

In figura 0.7 se prezinti modul in variazi suma indicatiilor celor comparatoare, inregistrata in
timpul operatiei de masurare. Se remarca lipsa componentei variabile rapid in timp. Pe
parcursul intervalului temporal 0-25 de secunde, interval pentru care punctele in care
realizeaza contactul piesei cu comparatoarele nu sunt diametral opuse, se observa totusi o
componenta care variaza rapid in timp. Componenta lent variabila in timp are insa acelasi
mod de variatie, care corespunde variatiei adaosului in lungul piesei. Cunoscand valoarea la
care aceste comparatoare au fost setate la 0, se poate determina variatia de diametru a

semifabricatului, prin efectuarea ciclului de masurare initiala.
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Fig. 0.7. Adancimea de aschiere masuratd pe diametru care corespunde sumei indicatiilor celor doud
comparatoare ale sistemului palpator

Diferenta dintre marimea celor doud comparatoare, inregistrata pe parcursul ciclului de
masurare al unui piese din lot, este prezentata in figura 0.8.a. Din figura se remarca lipsa
componentei lent variabile in timp si prezenta doar a unei componente a carei variatie este
rapida. De asemenea, se observa faptul ca, in general, amplitudinea componentei prezentata
in figura are o evolutie monotona descrescatoare.
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Fig. 0.8. Diferenta dintre indicatiile comparatoarelor

In figura 0.8.b. se prezinta variatia diferentei dintre valorile inregistrate pentru cele dous
comparatoare in raport cu timpul, insd, pentru un interval mai redus ca durata. Din figura se
observa faptul cd variatia diferentei marimilor este armonica.

Mai mult, din analiza graficului se poate determina frecventa semnalului armonic care est
egald cu circa 1Hz, adicd 1 oscilatie pe secunda. Se observa ca aceastd frecventd corespunde
turatiei de 60 de rotatii pe minut, pe care arborele principal a avut-o in timpul ciclului de
masurare. In urma acestor observatii putem deduce faptul ci aceastd componenti cu variatie
rapida este datoratd unui fenomen de bataie a piesei. Acest fenomen nu este datorat doar
prezentei unei excentricitdti din fixare a piesei, deoarece, 1n acest caz, bataia masurata de
comparator ar fi fost constanta. Variatia bataii este liniara si se datoreaza faptului ca axa
semifabricatului i axa arborelui principal sunt disjuncte in spatiu.

1 O
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L

44 44.5 455 46
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200

Bataia semifabricatului [microni]

Fig. 0.9. Bataia semifabricatului (detaliu)

In figura 0.9. se prezinta in detaliu variatia diferentei dintre marimile inregistrate de cele doui
comparatoare in raport cu variatia coordonatei axei Z. Din analiza figurii se remarca faptul ca
pe o distantd de 2 mm exista circa 10 oscilati, numarul acesta fiind corespunzator marimii
avansului care pentru masurarea acestei piese a fost de 0,2 mm/rot.

Dupa realizarea ciclului de masurare al semifabricatului se execut ciclul de prelucrare. in
cadrul ciclului de prelucrare se inregistreaza evolutia mai multor variabile. Astfel, se
monitorizeaza informatiile referitoare la motoarele axelor de deplasare si la motorul arborelui
principal. Se inregistreaza variatia cuplului i puterii debitate de fiecare dintre aceste motoare.
De asemenea, se monitorizeazad variatia curentului si energiei absorbite de motoare.
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Fig. 0.10. Cuplul dezvoltat de motorul arborelui principal

In figura 0.10. se prezinti evolutia cuplului dezvoltat de motorul arborelui principal. Astfel,
se observa ca in primele 5 secunde prezentate in grafic, cuplul dezvoltat de motor are o
variatie importanta. In momentul premergitor al ciclului de prelucrare toate motoarele
masginii erau oprite. Variatia de cuplu este datoratda momentului de inertie ridicat al lantului
cinematic al arborelui principal. Dupa pornire cuplul dezvoltat de motor scade. Din analiza
figurii se observa faptul cd acesta are o evolutie a carei alurad este asemanatoare cu cea a
adaosului de prelucrare. Mai mult, se poate remarca prezenta a doud componente: o
componenta lent variabild in timp $i 0 componenta cu variatie rapida. Datorita rezolutiei
marimii inregistrate a cuplului care este de 0,058 Nm si a faptului ca lantul cinematic al
actiondrii principale este caracterizat de elemente cu momente inertiale ridicate, componenta
rapid variabila in timp nu are o evolutie armonica in cazul acestei mirimi. In partea dreapti a
figurii se prezinta variatia cuplului fara a se evidentia variatia acestuia datorata de regimul
tranzitoriu corespunzator pornirii motorului actionarii principale.

In figurile 0.11. si 0.12 se prezinta variatia puterii si a curentului absorbit de motorul
actiondrii principale. Se observa faptul ca aceste grafice prezinta o variatie asemanatoare
variatiei cuplului dezvoltat de motorul actionarii principale. In primele 5 secunde se remarca
prezenta regimului tranzitoriu datorat porniri motorului. De asemenea, se observa faptul ca
aceste marimi depind de marimea adaosului. Se observa ca in cazul puterii, variatia marimii
masurate in cadrul ciclului de prelucrare, nu e importanta Rezolutia semnalului inregistrat in
cazul puterii afecteaza calitatea acestui semnal.
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Celelalte marimi inregistrate nu au avut o evolutie importanta. In figura 0.13. se prezinti
variatia cuplului dezvoltat de motorul axei Z. Se observa ca variatia cuplului nu corespunde
cu variatia adaosului de prelucrare.

In timpul ciclului de prelucrare s-a inregistrat de asemenea variatia fortei de aschiere folosind
sistemul de achizitie de date Spider 8. In partea stangi a figurii 0.14. se prezinti evolutia
componentei principale a fortei de aschiere pe parcursul ciclului de agchiere. Se observa
faptul céd evolutia componentei principale a fortei de agchiere este asemanatoare evolutiei
adancimii de aschiere. In figura se evidentiaza intervalul de timp in care s-a efectuat operatia
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de strunjire longitudinala (5-27s). Variatia fortei care apare dupa secunda 30 este datorata
prelucrarii canalului circular prevazut pentru corelarea sistemelor de masura.
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Fig. 0.14. Evolutia componentei principale a fortei de aschiere

In partea dreapti a figurii 0.14. se prezinti un detaliu in care se evidentiazi componenta cu
evolutie rapida a fortei de aschiere. Se observa faptul ca aceastd componenta este armonica,
iar frecventa acesteia este de 15Hz, frecventa care corespunde turatiei arborelui principal care
a fost de 800 de rotatii pe minut.

In figura 0.15. se prezinti evolutia celor doud componente ale fortei de aschiere pentru piese
prelucrate cu diverse avansuri. Forma pieselor nu a fost aceeasi. Se observa totusi o crestere a
fortei de aschiere cu avansul. Mai mult, din figura se observa faptul ca raportul dintre cele
doud componente al fortei de aschiere este oarecum constant cu toate cd s-a modificat atat
marimea adancimii de aschiere, cat si marimea avansului. Acest lucru s-a determinat, de
asemenea, §i prin procesarea datelor mediind cele doud componente ale fortei si apoi
realizand raportul dintre acestea. S-a determinat faptul ca, pentru toate piesele, raportul dintre
aceste forte a fost in toate cazurile aproximativ 3.
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Fig. 0.15. Evolutia componentelor fortei de aschiere pentru diverse avansuri

Marimea de iegire a accelerometrului amplasat pe sculd a fost, de asemenea monitorizata,
evolutia acesteia pe parcursul intregului ciclu de prelucrare fiind prezentata in figura 0.16.a.
In figura 0.16.b se prezinti evolutia marimii furnizate de accelerometru pentru aceeasi
fereastra pentru care a fost prezentata si evolutia fortei. Se remarca faptul ca nu se mai poate
sesiza componenta a carei variatie este datorata erorilor de fixare a semifabricatului. Pentru a
determina frecventele care apar in acest semnal este necesara efectuarea unei analize
spectrale folosind transformarea FFT. In sfarsit, in figura 0.16.c se prezinti evolutia marimii
furnizate de accelerometru pentru un interval de timp de 20ms
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Fig. 0.16. Evolutia marimii inregistrate de accelerometru
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Dupa prelucrarea piesei s-a repetat ciclul de masurare pentru a se realiza inspectia finala a
piesei. Cele doua comparatoare ale sistemului de masura pe masina sunt deplasate in lungul

generatoarei piesei.

In figura 0.17.a se prezinti evolutia pe parcursul ciclului de mésurare a valorilor inregistrate
de la unul dintre comparatoare. Piesa masurata corespunde semifabricatului pentru care s-au
prezentat grafice de variatie a marimilor inregistrate pe parcursul ciclului de masurare initiala
precum si a ciclului de prelucrare. Se observa ca evolutia acestor valori este oarecum similara
cu cea pe care a avut-o adancimea de aschiere. In prima parte a graficului se observi o
variatie mai importanta datoratd modului in care comparatoarele au fost pozitionate pe
suprafata piesei. In intervalul de timp corespunzitor ultimelor secunde ale ciclului de
masurare se observa o variatie a graficului datoratd Intalnirii canalului circular care a fost
prelucrat anterior pentru a sincroniza sistemul de coordonata al piesei corespunzator ciclului
de masurare cu sistemul de coordonate al piesei corespunzator ciclului de masurare.
In figura 0.17.b se prezinta acelasi lucru ca si in figura 0.17.a, insa fird a evidentia intervalul
in care comparatorul a fost pozitionat pe suprafata piesei. Se observa ca variatia deviatiei
dimensionale este destul de importantd depasind 40 de micrometri.
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Fig. 0.17. Masurarea piesei folosind sistemul de masura ,,on machine”

In figura 0.17.c se prezinti evolutia deviatiei dimensionale punctuale pe un interval redus de
timp. In figurd se observi acelasi fenomen datorat excentricitatii ca si in cazul in care s-a
analizat variatia adaosului de prelucrare.
Diferenta dintre marimile furnizate de cele doud comparatoare este prezentata in figura
0.17.d. Se observa faptul ca variatia bataii este asemanatoare celei a adaosului de prelucrare.
Putem trage concluzia ca erorile de fixare ale semifabricatului s-au transferat asupra piesei
finite. In urma prelucrarii a rezultat o piesa a cirei axa de rotatie este diferiti de axa de rotatie
a arborelui principal, axele fiind disjuncte.
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Diferenta dintre marimile furnizate de cele doud comparatoare este prezentata, de asemenea,
siin figura 0.17.e, in care variatia batiii se expune pentru un interval de timp redus. In final
am prezentat deviatia dimensionald pe diametru in figura 0.17.d. Se observa ca aceasta
deviatie este importanta. Cu toate ca sania transversald a masinii a fost pozitionata pe axa X
cu o eroare de circa 5 microni, eroarea de proces a inregistrat o valoare maxima de peste 120
micrometri. Piesa a fost prelucrata folosind un regim de agchiere nu foarte intens, in sensul
ca, avansul a fost de 0,2 mm/rot. Un alt element pe care il putem remarca in diagramele
prezentate 1n figurd este aparitia unor salturi in evolutia variabilelor inregistrate. Aceste
salturi sunt datorate neregularitatilor de pe suprafetei piesa care au ,,agatat” comparatoarele.

Determinarea relatiilor cauzale cu algoritmii RRelief gi Corelation

Feature Subset Evaluation

In vederea determinarii relatiilor cauzale, s-au utilizat algoritmii de selectare a atributelor
descrisi in capitolul 3. Astfel, folosind algoritmul Corelation Feature Subset Evaluation s-au
determinat grupari de atribute care sa nu fie corelate intre ele, dar sa influenteze variabila
deviatie dimensionala. Algoritmul Corelation Feature Subset Evaluation a fost rulat de sub
pachetul software Weka [Witten2005], care este un software specializat in machine learning.
Algoritmul a fost rulat pentru identificarea relatiilor cauzale in cazul fiecarei piese, pentru
antrenare luandu-se considerare toate piesele prelucrate pand la momentul prelucrarii
exemplarului curent. Avand in vedere faptul ca numarul de atribute pe care l-am luat in
considerare nu este foarte ridicat, s-a preferat o metoda de cautare exhaustiva a perechii de
atribute care sd modeleze interdependenta dintre variabile.
In mod frecvent algoritmul a identificat relatii cauzale din care au ficut parte urmitoarele
atribute:

- marimea adaosului de prelucrare,

- valoarea componentei principale a fortei principale,
- coordonata curenta a axei Z,
- coordonata curenta a axei C.

Deseori algoritmul a selectat atribute care nu sunt considerate de noi atat de relevante
cum ar fi: valoarea cuplului dezvoltat de motorul axei Z, valoarea puterii debitate de motorul
actiondrii principale.

Tabelul 0.4.Valoarea medie a meritului calculat pentru fiecare variabila utilizand algoritmul

algoritmul Rrelief

Variabila Merit Procent merit %
Componenta principald a fortei F; 0,011588 | 21,63919
Adancimea de aschiere A 0,011027 | 20,59159
Componenta fortei corespunzatoare avansului F> | 0,010861 | 20,2816
Cota Z 0,007227 | 13,49555
Cota C 0,005482 | 10,23697
Suma adaosului de prelucrare 0,002413 | 4,505985
Cuplul dezvoltat motorul axei Z 0,002266 | 4,23148
Cuplul dezvoltat de motorul arborelui principal | 0,001676 | 3,129727
Puterea dezvoltata de motorul arborului principal | 0,000578 | 1,079345
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| Curent absorbit de motorul arborelui principal | 0,000433 | 0,808575 |

Algoritmul Relief a dat rezultate mai bune in sensul cd, in general, acesta a identificat
corect importanta atributelor, insa nu a exclus atributele interdependente. Dezavantajul
utilizarii algoritmului Relief este legat de timpul mare de executie, mai ales atunci cand baza
de date pe care acesta este antrenat este foarte mare. Am antrenat algoritmul RRelief folosind
doar datele corespunzitoare piesei precedente. In tabelul 0.4 se prezinti valoarea medie a
meritului calculat pentru fiecare variabild. Am antrenat algoritmul folosind doar atributele
prezentate in tabel. O serie de atribute au fost masurate direct, altele, au fost construite de
baza unor atribute masurate. Astfel, s-a construit un atribut prin care se evalueaza suma
marimii adaosului de prelucrare, atribut care am dorit sa modeleze erorile datorate incalzirii
sculei si piesei in timpul procesului de agchiere. Cele mai influente marimi determinate de
algoritmul Rrelief au fost componentele fortei de aschiere precum si adaosul de prelucrare.
De asemenea, algoritmul a identificat ca influente i coordonatele axelor Z si C. Totusi, hiba
algoritmului Rrelief este aceea ca nu exclude atributele care sunt interdependente. Pentru
determinarea atributelor interdependente putem folosi matricea de corelatie (vezi tabelul 0.5)
sau chiar algoritmul Corelation Feature Subset Evaluation, insd excluzand atributele care,
conform algoritmului Rrelief, au obtinut un scor scazut. Astfel, din tabelul 0.4 putem
concluziona faptul ca, suma procentului pentru componentele irelevante este in cazul nostru
de 15%.

Tabelul 0.5.Matricea de corelatie a atributelor

C V4 Adancim | F1 F2 Deviati | Suma Cuplu | Curent | Putere | Cuplu
e e adancim | arbore | arbore | arbore | axaZ
e
C 1 0,02 | 0,077 0,10 | 0,08 | 0,059 | 0,999 0,03 |-0,03 | -0,03 | -0,03
6 0 8 5
Z 0,02 |1 -0,58 -0,58 | -0,58 | -0,675 | 0,040 0,14 | -0,03 | -0,02 | -0,16
6 8
Adéancim | 0,07 | -0,58 | 1 0,99 | 0,99 |0,982 | 0,064 0,46 | 0,04 |0,03 (0,12
€ 7 4 2 6 1 5 6
F1 0,10 | -0,57 | 0,994 1 0,99 | 0,982 | 0,088 0,43 | 0,03 |0,03 (0,12
0 9 7 9 3 4
F2 0,08 |-0,57 | 0,992 0,99 |1 0,980 | 0,076 0,42 | 0,04 |0,03 (0,12
8 9 8 1 6 5
Deviatie | 0,05 |-0,67 | 0,982 0,98 |098 |1 0,046 0,38 | 0,04 |0,03 (0,14
9 2 0 3 4 8 2
Suma 0,99 | 0,04 | 0,064 0,08 | 0,07 |0,046 |1 0,03 |-0,03 | -0,03 | -0,03
adancime | 9 0 8 6 6
Cuplu 0,03 | 0,14 | 0,466 0,43 | 042 |0,383 | 0,036 1 0,03 | 0,02 |0,02
arbore 5 8 7 8 4 0 1
Curent -0,03 | -0,03 | 0,041 0,03 | 0,04 |0,044 |-0,030 |0,03 |1 0,99 | 0,98
arbore 9 1 4 9 8
Putere -0,03 | -0,02 | 0,035 0,03 | 0,03 |0,038 |-0,030 |0,02 |0,99 |1, 0,98
arbore 3 6 0 9 7
Cuplu | -0,03 |-0,16 | 0,126 | 0,12 | 0,12 | 0,142 |-0,033 | 0,02 | 0,98 | 0,98 |1,
axaZ 4 5 1 8 7
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Control bazat pe modelare analitica

In vederea modelirii deviatiei dimensionale am utilizat modele liniare obtinute prin regresie.
Aceste modele prezintd avantajul faptului ca sunt foarte simple, usor de obtinut, potrivite
pentru modelarea deviatiilor dimensionale datorate deviatiilor elastice ale sistemelor
tehnologice. Dezavantajul acestor modele este dat de faptul ca au performante scazute in ceea
ce priveste modelarea fenomenelor neliniare. Dupa cum se observa totusi in tabelul 0.5,
deviatia dimensionald este foarte corelatd cu marimea adancimii de agchiere si cu forta de
aschiere. Avand in vedere aceste considerente consideram ca modelele liniare sunt potrivite
pentru modelarea deviatiilor dimensionale. In tabelul 0.6 se prezinta rezultatele obtinute prin
modelare liniara. S-a modelat dependenta deviatiei dimensionale in functie de adancimea de
aschiere. Modelul liniar a fost determinat prin regresie, luand in considerare doar datele
corespunzatoare piesei anterioare. S-au considerat datele corespunzatoare pieselor prelucrate
cu avansul de 0,2 mm/rot. Pe prima linie a tabelului se evidentiaza piesele pe care s-au
construit modelele liniare. Pe linia a doua se specifica valoarea medie a erorii deviatiei
dimensionale corespunzatoare piesei pe care s-a construit modelul. Pe linia trei se prezinta
abaterea medie patratica a deviatiei dimensionale pentru piesa pe care s-a construit modelul.
Modelul liniar obtinut este evaluat folosind liniile trei i patru, linii pe care se prezinta media
si abaterea erorii de modelare. Pentru fiecare valoare a adancimii de aschiere se calculeaza
deviatia dimensionala folosind modelul. Astfel, media erorii de modelare reprezinta media
diferentei dintre valoarea prognozata a deviatiei dimensionale si valoarea masuratd. Se
observa ca pentru toate piesele media erorii de modelare este 0. Acest lucru este datorat
faptului ca termenul liber al modelului liniar este egal cu media deviatiilor dimensionale. Pe
linia a cincea se prezinta piesa pe care s-a aplicat modelul liniar. Liniile sase si sapte au
aceeasi semnificatie cu liniile doi si trei, cu specificatia cd aceste linii se refera la piesa pe
care se aplica modelul. Pe liniile opt si noud se prezintd media erorii de prognoza a deviatiei
dimensionale, respectiv abaterea medie patratica a aceleasi erori. Pe linia zece se prezinta
imbunatatirea acuratetei ca fiind egald cu raportul dintre media deviatiei dimensionale care
apare daca nu se aplica corectii si media deviatiei dimensionale aparute in cazul in care se
corecteaza deviatia dimensionald folosind modelul liniar obtinut cu datele piesei precedente.
Pe urmatoarea linie se prezinta Tmbunatatirea preciziei care este definita ca raportul dintre
abaterea medie patratica corespunzatoare deviatiei dimensionale ce apare daca nu se aplica
corectii i abaterea medie patratica corespunzatoare deviatiei dimensionale aparute in cazul in
care se corecteaza deviatia dimensionala folosind modelul liniar obtinut cu datele piesei
precedente. Eroarea maxima reprezintd maximul deviatiei dimensionale care se calculeaza pe

baza mediei deviatiei d si pe baza abaterii medii patratice o a deviatiei dimensionale cu
relatia:

Emaxz‘g‘+3-0'

Pe ultima linie se prezintd rata de reducere a erori care reprezinta raportul dintre eroarea
maxima aparuta in cazul in care nu s-ar fi aplicat corectii §i eroarea maxima aparuta in
situatia in care eroarea ar fi fost corectata.

Din analiza datelor din tabel se ca observa in situatia in care nu s-ar fi corectat deviatia
dimensionald, valoarea medie a erorii ar fi fost cuprinsa intre 29 si 73 de microni. Prin
modelarea erorii, valoarea medie a erorii s-a redus, fiind cuprinsa intre -21 si 15 microni. De
asemenea, abaterea medie patratica fara corectii a fost cuprinsa in intervalul 4,53 si 12,34.
Prin corectie, abaterea medie patratica a erorii s-a redus, fiind cuprinsa in intervalul 1,51 si
4,45. Se constati o reducere a erorii de la 3 la 6,72 ori. In figura 0.18, se prezinta in forma
graficd, rezultatele modeldrii erorilor de proces folosind un model analitic de tipul e= f(zcA).
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In figura se evidentiazi, de asemenea si mirimea erorilor datorate fixirii care reprezinta batai

fata de suprafata de referinta.

Il Eroare de proces
[ Eroare prognozata

| Eroare de fixare
Eroare remanenta

60
s 9 :
.E. 20 5
-20-
0 :
= | 0
240~
rade
Axa C [grade] 360 a0 Axa Z [mm]
Fig. 0.18. Prognoza erorilor de proces
Tabelul 0.6. Rezultate obtinute in urma aplicarii unui model liniar care are drept parametru
addncimea de aschiere. Avansul cu care au fost prelucrate piesele 0,2mm/rot
Piesa 1 2 5 9 13 15 18 20
Deviatie medie fara corectie | 41.73 | 29.87 | 39.80 | 56.46 | 62.82 | 62.08 | 69.15 | 72.94
Abatere medie patratica fara | 7.34 | 7.51 | 10.82 | 4.58 |12.34 | 11.90 | 10.81 |9.33
corectie
Media erorii de modelare 0.00 |{0.00 | 0.00 |0.00 |0.00 |0.00 0.00 0.00
Abatere medie patratica a 1.39 | 144 207 (247 |2.41 |2.41 3.15 4.07
erorii de modelare
Piesa pe care s-a aplicat 2 5 9 13 15 18 20 24
modelul
Deviatie medie fara corectie | 29.87 | 39.80 | 56.46 | 62.82 | 62.08 | 69.15 | 72.94 | 56.13
Abatere medie patratica fara | 7.51 | 10.82 | 4.58 | 12.34 | 11.90 | 10.81 | 9.33 10.31
corectie
Deviatie medie cu corectie | -3.28 | 831 | -8.75 | 15.89|10.48 | -4.96 | 7.86 -20.9
Abatere medie patraticacu | 1.51 | 2.10 | 3.00 |4.06 |2.73 |4.45 4.07 2.38
corectie
Imbunititire acuratete 9.10 479 646 |3.95 [592 |13.93 |9.28 2.68
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Imbunititire precizie 498 |5.16 | 1.53 [3.04 436 |243 2.30 4.33

Eroare maxima fard corectie | 52.41 | 72.25 | 70.22 | 99.84 | 97.79 | 101.58 | 100.94 | 87.07

Eroare maximad cu corectie | 7.80 | 14.60 | 17.74 | 28.05 | 18.67 | 18.30 | 20.06 | 28.07

Rata de reducere a erorii 6.72 [495 |396 |3.56 |524 |5.55 5.03 3.10

Folosind o procedura de cautare exhaustiva s-au testat mai multe tipuri de modele, folosind
pentru regresie datele corespunzatoare:
e Ultimei piese;

e Ultimelor doua piese;
e Ultimelor trei piese;

In tabelele 0.7., 0.8. si 0.9. se prezinti rezultatele acestor teste.

Tabelul 0.7. Rezultate obtinute in cazul utilizarii unui model liniar antrenat cu datele corespunzatoare
ultimei piese

Structura modelului e=f(4) f(E) flzcd
Rata“de reducere a 3.51 3,09 331
erorii

Structura modelului e=f(z,¢,F) &= f(z,¢,F,4)

Rata de reducere a 2.78 3,26

erorii

Tabelul 0.8. Rezultate obtinute in cazul utilizarii unui model liniar antrenat cu datele corespunzatoare
ultimelor 2 piese

Structura modelului e=f(4) f(F) flzc A
Rata“de reducere a 358 2,98 3,54
erorii

Structura modelului e=f(z,c,F) £=f(z,¢,F,4)

Rata de reducere a 2.90 3.45

erorii

Tabelul 0.9. Rezultate obtinute in cazul utilizarii unui model liniar antrenat cu datele corespunzatoare
ultimelor 3 piese

Structura modelului £=f(A) f(E) flzc A
Rata“de reducere a 359 2.84 3,58
erorii

Structura modelului e=f(z,c,F) £=[(z,¢,F,4)

Rata de reducere a 2.80 3,06

erorii
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Control bazat modele tip Support Vector Regression

Modelele de tip Support Vector Regression prezintad avantajul flexibilitatii in ceea ce priveste
modelarea unor relatii care nu sunt liniare prin utilizarea unor functii kernel de tip gaussian
sau polinomial. Pentru modelarea deviatiilor dimensionale am folosit, in aceasta lucrare,
functii kernel de tip gaussian. Dificultatea folosirii tehnicii SVR este legata de faptul ca
pentru a modela cu acuratete o functie este necesara introducerea unor parametri ai modelului
care afecteaza drastic performantele acestuia. Acesti parametri sunt:

e Parametrul aplicatiei kernel v,

e Factorul de regularizare C,
e Factorul de insensibilitate ¢

Pentru determinarea factorilor C si € am folosit tehnica de evaluare a zgomotului descrisa
in capitolul 3. Mai precis, am modelat dependenta deviatiei dimensionale folosind algoritmul
knn (k neareast neighbours), la care am selectat pentru parametrul k, o valoare mica si anume
k=6.

Pentru determinarea parametrului aplicatiei kernel yam utilizat o cautare exhaustiva,
combinata cu un algoritm de validare incrucisata. Astfel, setul de date folosit pentru
antrenarea algoritmului SVR a fost impartit aleatoriu in 5 parti. Algoritmul a fost antrenat
succesiv pe patru din aceste parti, iar apoi, s-au evaluat performantele de modelare de partea
ramasa. Valoarea parametrului aplicatiei kernel y; a fost cautata initial in urmatoarea multime
(2,2°,2%,2° 2° 27, 2°}. in urma unei analize asupra performantelor de modelare, am
constatat ca, selectarea unei valori mici pentru parametrul aplicatiei kernel y, conduce la
obtinerea unei erori reduse de modelare pe setul de date folosit pentru antrenare, dar, aparitia
unor erori semnificative pe setul de date aferent piesei pentru care se doreste determinarea
corectiilor. Pentru modelarea SVR am folosit pachetul de software Spider [Spider2006] care
reprezintd un mediu orientat pe obiecte ce implementeaza o serie de algoritmi machine
learning.

In urma aplicarii algoritmului, am constatat faptul ci performantele acestuia cresc, daci se
utilizeazi pentru modelare doui piese. In tablele 0.11., 0.12 §i 0.13. se prezinta datele
sintetice rezultate in urma modelarii relatiei dintre adancimea de aschiere si deviatia
dimensionald. Prin modelarea erorii folosind modele SVR s-au obtinut in general rezultate
mai slabe decat in cazul utilizarii unor modele liniare. Acest lucru este explicabil datorita
faptului ca erorile de prelucrare sunt datorate in cazul analizat in special de deformatia
elastica a sistemului de prelucrare.

Tabelul 0.10. Rezultate obtinute in urma aplicarii unui model SVR care are drept parametru
addncimea de aschiere. Avansul cu care au fost prelucrate piesele 0,2mm/rot

Piesa pe care a fost

. 1 2 5 9 13 15 18 20
construit modelul
Valoarea parametrului C 46.4 | 38.6 59 | 75.7 | 1444 | 1104 | 1499 | 129.4
Valoarea parametrului g 0.4 0.7 1.4 1.5 6.2 3.7 6.2 4.3
Valoarea parametrului g 16 g g 128 g 128 1
kernel y

Media erorii de modelare -0.21 | 0.04 | -0.17 | -0.63 | -0.26 | -0.21 | -0.61 | -0.58

Abatere medie patraticda | | 5o | 1oy 197 | 237 | 207 | 196 | 276 | 3.90
erorii de modelare
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Piesa pe care s-a aplicat ) 5 9 13 15 18 20 24
modelul

Deviatie medie fara corectie | 29.87 | 39.80 | 56.46 | 62.82 | 62.08 | 69.15 | 72.94 | 56.13
Abatere medie patratica fard | - 51 | 106> | 458 | 12,34 [ 11.90| 10.81 | 9.33 |10.31
corectic

Deviatie medie cu corectie | -9.73 | 11.03 | -8.55 | 7.73 | 10.70 | -4.30 | 7.17 | 21.07
Abatere medie patratica cu | ¢ o5 | g 55 | 397 (1322 321 | 593 | 452 | 3.08
corectic

Imbunititire acuratete -3.07 | 3.61 | -6.61 | 8.13 | 5.80 | -16.09 | 10.18 | -2.66
Imbunititire precizie 085 | 127 | 1.15 |1 093 | 371 | 1.82 | 2.06 | 3.35
Eroare maxima fard corectie | 52.41 | 72.25 | 70.22 | 99.84 | 97.79 | 101.58 | 100.94 | 87.07
Eroare maxima cu corectie | 36.27 | 36.59 | 20.46 | 47.39 | 20.32 | 22.10 | 20.73 | 30.31
Rata de reducere a erorii 1.44 1 1.97 | 343 | 2.11 | 481 | 4.60 4.87 | 2.87

Tabelul 0.11. Rezultate obtinute in cazul utilizarii unui model SVR antrenat cu datele corespunzatoare
ultimei piese

Structura modelului e=f(4) f() flzcd
Rata”de reducere a 2,63 2,82 2,33
erorii

Structura modelului e=f(z,c,F) £=f(z,¢,F,4)

Rata de reducere a 2.25 2,11

erorii

Tabelul 0.12. Rezultate obtinute in cazul utilizarii unui model SVR antrenat cu datele
corespunzdtoare ultimelor 2 piese

Structura modelului &= f(A4) f(F) f(Z,C, A)
Rata“de reducere a 301 2,90 3,63
erorii

Structura modelului e=f(z,c,Fl) e=f(z,c,F,A)
Rata de reducere a 2.48 2.41

erorii

Tabelul 0.13. Rezultate obtinute in cazul utilizarii unui model SVR antrenat cu datele
corespunzatoare ultimelor 3 piese

Structura modelului e=f(4) f(F) flzcd
Rata“de reducere a 2.54 2,74 247
erorii

Structura modelului e=f(z,c,Fl) e=f(z,c,F,A)

Rata de reducere a 2.41 2.32

erorii
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Control bazat pe modelare neuronala

In aceasta lucrare, am modelat relatia dintre deviatia dimensionala si celelalte variabile
utilizand retele neuronale la care numarul de neuroni aflati la stratul ascuns a fost fixat la 6.
Functia de transfer pentru neuronii de pe stratul ascuns a fost de tip tangential sigmoid, iar
pentru ceilalti neuroni s-a folosit o functie de transfer de tip liniar. Datele de antrenare a
algoritmului au fost divizate in trei parti astfel:

-60% din date au fost folosite pentru antrenarea modelului,

-10% din date au fost folosite pentru testarea performantelor de modelare,

-30% din date au fost folosite pentru validarea modelului.

Pentru antrenare a datelor s-a folosit algoritmul backpropagation. Pentru a nu supraantrena
reteaua neuronala algoritmul de antrenare a fost oprit atunci cand eroarea de modelare pe
setul de date de validare a fost minima. Performantele modelului au fost testate pe setul de
date de test.

In tabelele 0.14., 0.15 si 0.17. se prezinti performantele diferitelor structuri de modele pentru
seturi de date alcatuite din una sau mai multe piese.

Tabelul 0.14. Rezultate obtinute in cazul utilizarii unui model neuronal antrenat cu datele
corespunzatoare ultimei piese

Structura modelului e=f(A) f(F) f(ZC, A)
Rata de reducere a 3,12 2,95 2,87
erorii

Structura modelului e=f(z,c,F) £=[(z,c,F,4)

Rata de reducere a 2,26 2,49

erorii

Tabelul 0.15. Rezultate obtinute in cazul utilizarii unui model neuronal antrenat cu datele
corespunzatoare ultimelor doud piese

Structura modelului e=f(A) f(F) f(Z,(; A)
Rata de reducere a erorii | 3,38 2,96 2,70
Structura modelului e= f(z,c,Fl) e=f(z,c,F,A)

Rata de reducere a erorii | 2,11 2,43

Tabelul 0.16. Rezultate obtinute in cazul utilizarii unui model neuronal antrenat cu datele
corespunzadtoare ultimelor trei piese

Structura modelului e=f(A) f(F) f(Z,C, A)
Rata de reducere a erorii | 3,30 2,96 2,73
Structura modelului e=f(z,c,F1) e=f(z,c,F,A)

Rata de reducere a erorii | 2,10 2,45
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Experimente de control al erorilor de sistem

Pentru testarea metodei de control adaptiv al erorilor de sistem, propusa in capitolul
3.3.4 s-au folosit date sintetice generate folosind valori cunoscute pentru parametri care
descriu pozitia disjunctd a axei arborelui principal in raport cu axa de rotatie a
semifabricatului. Aceste date sintetice sunt compuse din valorile succesive pe care le-ar fi
avut axele C si Z ale masinii pe parcursul ciclului de masurare, completate cu valorile
masurate de un comparator care exploreaza piesa, comparator pozitionat pe directia axei Y.
In figura 0.19., se prezinti sub forma grafica un astfel de set de date obtinut, considerand
faptul cd, suprafata de referinta are forma cilindricd, iar parametrii au fost setati pentru
urmdtoarele valori: xp=0,1 [mm]; yo=0[/mm], m=0; [=0,0021. Valoarea unghiului
corespunzator cosinusului director I, pentru cazul prezentat in figura, a fost de 89,88 grade.
Ca si in cazul datelor colectate din experimente fizice, se observa faptul ca, bataia piesei nu
este constantd, ea avand o crestere monotona.
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Fig. 0.19. Variatia marimii corespunzdatoare comparatorului (date sintetice)

Am preferat sa folosim date obtinute in urma simularilor astfel incat sa putem valida
algoritmul de identificare a parametrilor erorii de fixare. Pentru validarea metodei, in aceasta
lucrare vom prezenta date obtinute simuldrii operatiei de identificare a parametrilor con a
carui varf trebuie pozitionat la 400 de mm fata de pozitia de fixare 1n strung, unghiul la varf
al conului este egal cu 30 de grade. Pentru a simula situatia reald in care masurarea se
realizeaza cu un dispozitiv care introduce erori, am adaugat la valorile obtinute de la
comparator, un nivel de zgomot. Am considerat cd piesa pentru care se face identificarea este
diferita de piesa nominala ca:

e unghiul real al conicitatii (care va fi in continuare notat cu a/2) a fost de 15,5 de

grade, adica diferit cu un grad de valoarea nominala
e pozitia varfului conului este mult diferita de pozitia nominala

Procesul virtual de mdsurare a piesei a fost similar situatiei reale, adica am considerat ca
piesa este rotita n universal. La fiecare rotatie a piesei se realizeaza doar zece masuratori. De
asemenea, concomitent cu rotatia piesei, axa Z este deplasata cu un avans egal cu 0,2mm/rot.
Am analizat influenta lungimi de masurd asupra preciziei de determinare a parametrilor
modelului. In tabelul 0.17., se prezinti valorile obtinute pentru parametrii modelului in
comparatie cu valorile lor nominale si cu valorile reale. In cadrul acestei simulari s-a
considerat nivelul zgomotului semnalului cules de la comparator ca fiind egal cu 10 microni.
Se observa ca s-au obtinut rezultate bune, foarte apropiate de valorile reale, pentru toti
parametrii luati in considerare. O data cu cresterea lungimi de masurare, valorile parametrilor
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determinate de algoritmul de regresie neliniara sunt mai apropiate de valorile reale. Totusi,
diferentele nu sunt semnificative, si, de aceea, consideram cd metoda este potrivita chiar si

pentru lungimi de explorare reduse.

Tabelul. 0.17. Rezultate obtinute la identificarea parametrilor corespunzdtori erorii de fixare pentru

diverse lungimi de explorare

Lungime explorare [mm]
Nominal | Real Parametri | 10 20 30 40 50
0 0.05 Xy [mm] 0.0507 0.0518 |0.0501 0.0501 0.0501
0 0.1 Y, [mm] 0.099 0.1015 | 0.1001 0.0998 0.0998
0 0.0002 | I 0.0002 0.0002 | 0.0002 0.0002 0.0002
0 0.0009 | m* 0.0009 0.0009 | 0.0009 0.0009 0.0009
400 402 k*[mm] 402.0364 | 401.991 | 401.9941 | 401.9986 | 401.9987
15 15.5 a*[grade] | 15.4975 15.5006 | 15.5004 | 15.5001 15.5001

De asemenea, am analizat capacitatea algoritmului de a detecta variatia excentricitatii, pentru
aceasta am modificat parametrul xo n limite largi. Datele care au fost folosite de algoritmul
de regresie neliniard au fost corespunzatoare unei lungimi de masurare de 30 de mm.
Valoarea variabilei X, corespunzatoarea marimii masurate de comparator, a fost influentata
de zgomot, a carui valoare a fost de 10 microni. Astfel, am constatat faptul ca algoritmul a
identificat de fiecare data valori foarte apropiate de cele corecte pentru toti parametrii (tabelul
0.18). in mod similar, s-a procedat si pentru parametrul / care reprezinta cosinusul director al
axei semifabricatului cu axa X a sistemului de coordonate asociat piesei. Rezultatele
prezentate in tabelul 0.19.

Tabelul. 0.18. Rezultate obtinute la identificarea parametrilor corespunzdtori erorii de fixare pentru

diverse valori ale lui x,

Nominal Real Parametri 0,01 0.015 0.02 0.3
Xo [mm]
0 * XO*[mm] 0.0106 0.0149 0.02 0.3
0 0.01 Yo*[mm] 0.0101 0.0099 0.0098 0.0103
0 0.0002 I 0.0002 0.0002 0.0002 0.0002
0 0.0009 m¥* 0.0009 0.0009 0.0009 0.0009
400 402 k*[mm] 401.9868 401.9941 402.0018 401.9959

15 15.5 a*[grade] 15.5009 15.5004 15.4999 15.5003

Tabelul. 0.19. Rezultate obtinute la identificarea parametrilor corespunzatori erorii de fixare pentru
diverse valori ale cosinusului director al axei semifabricatului cu piesa

Nominal Real Unghi 89,99 89,95 89,85 89,5
1 0.0002 0.0009 0.0026 0.0087

0 0.01 Xo 0.0103 0.0105 0.0097 0.0104
0 0.01 Y, 0.0103 0.0096 0.0098 0.01
0 * N 0.0002 0.0009 0.0026 0.0087
0 0.0009 m¥* 0.0009 0.0009 0.0009 0.0009
400 402 k* 401,9898 401,9876 | 401,999 401,99
15 15,5 a* 15.5007 15.5009 15.5001 15.5001
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In tabelul 0.20 se prezinti o evaluare a metodei de identificare pentru diverse valori ale
zgomotului. Zgomotul a fost modelat folosind functia de generare de numere pseudo-aleatorii
cu distributie uniforma din Matlab. Pentru fiecare valoare generata pentru marimea X s-a
adaugat valoarea zgomotului pentru care diferenta dintre valoarea medie si valoarea maxima
este cea aferenta fiecarei coloane a primei linii a tabelului 0.20. Se observa ca metoda de
identificare este robusta, in sensul ca este relativ insensibila la zgomot.

Tabelul. 0.20. Rezultate obtinute la identificarea parametrilor corespunzdtori erorii de fixare pentru
diverse valori ale zgomotului care afecteaza sistemul de masura

Nominal Real Zgomot | 2 um 10 pm 20 pm 50 pm

0 0.01 Xo 0.0101 0.0095 0.0099 0.0107

0 0.01 Y, 0.0101 0.0094 0.0102 0.0123

0 0.0026 I 0.0026 0.0026 0.0026 0.0026

0 0.0026 m* 0.0026 0.0026 0.0026 0.0027
400 402 k* 401,9953 | 401,994 402,0039 | 402,0326
15 15.5 o 15,5003 15,5004 15,4997 15,4977
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Optimal feedrate scheduling for a reconfigurable lathe

EPUREANU A., MARIN F.B., MARINESCU V., BANU M., CONSTANTIN L
Manufacturing Science and Engineering Department
Dunarea de Jos University
47, Domneasca St., Galati
ROMANIA
alexandru.epureanu@ugal.ro

Abstract: - This paper presents a virtual machining algorithm that optimizes federate scheduling aiming to
improve the efficiency of cutting process. The manufacturing machine considered is a reconfigurable machme,
configured as lathe with a specific architecture. A geometric searching procedure is proposed to find the
parameter values corresponding to cutter locations along tool path during generation of the final surface.

Key-Words: - feedrate scheduling, reconfigurable machining system, numerical control, optimal control,

virtual machining

1 Introduction

Nowadays, companies building manufacturing
machines must face fast changes happening on
technical, commercial and economical fields. These
emerging evolutions are the following:
- economy globalization, with the consequence the
emphasis of competition;
- individualization of needs, what means products
customization;
- capital dynamization, generating high requirements
concerning investment efficiency;
- high versatility of small companies, for fast
adaptation to market. At the time, the companies
responses to these changes are based on the idea of
extending some of the attributes of classic
manufacturing system to define reconfigurability.
‘Whereas Dedicated Manufacturing Systems (DMSs)
have been designed to produce a specific part and
Flexible Manufacturing Systems (FMSs) are
designed to accommodate a large variety of parts
even though the parts are not specified at the system
design stage, the Reconfigurable Manufacturing
Systems (RMSs) combines the advantages of DMS
and FMS providing an suitable solution[1][2]. It is
defined the new peculiar manufacturing system,
reconfigurable manufacturing system, using six key
characteristics: 7} universatility, 77) convertibility; 77)
integrability; iv) scalability; v) diagnosability; vi)
customisation. These systems are designed to adapt
manufacturing to mixed products and volumes. The
reconfigurable machine is conceived with standard
and inter-operable components including actuated
modules, fixtures and tools to be assembled into the
machine with arbitrary architecture and degrees of
freedom. The informations describing modules and
tools (for instance, the shape of the tools and the
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modules geometry) are stored in the machine
database.

The reconfigurable “plug-and-play” machine
kinematics and dynamic modeling algorithms need
to be developed. These algorithms are the basis for
the control and simulation of reconfigurable
manufacturing system. The concept of machine
configuration optimization is introduced for the
effective use of the rapidly reconfigurable machine.
In this paper we are introducing a new approach for
optimal  federate  scheduling  applied to
reconfigurable machine with specific architecture.

Feedrate schedule optimization problems are the

subject to several possible criterions, building the
framework for surface generating model. The
common restriction used in feedrate scheduling is
constant material removal rate (MRR), [3]. In the
MRR based approach, feedrate is dependent to
either average or instantaneous volumetric removal
rate. Secondly, the restrictions are based on the
process mechanics [4]. In this case using force based
models, the feedrate is set to values which keep
either average or instantaneous machining forces to
an allowable level. These models computes either
MRR or force values as a minimum allowable
values, and are maintained at a constant level during
processing.
The disadvantages of keeping at allowable level are
in the first place, the efficiency is lowered and
secondly, the optimization is incomplete performed,
as it does not take into account several variables in
the process such as chip width (determining risk of
chatter), roughness or chip thickness (determining
force overloading).

Commonly used CAM programs and NC code
gencrators arc based on geometric and volumetric
analysis, but they do not concern the current blank

ISSN: 1790-5117
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surface shape to be processed. CAM software
considers only the nominal dimensions inputted
from CAD model [5][6][7].

Also planning the isoparametric tool path it is
addressed to considerable long paths (due to the G-
code limitation and the nowadays machine control
system architecture) and not for adjacent cutter
location resolution.

It is critical, but often difficult, to select optimal
cutting conditions to achieve high productivity while
maintaining high quality of parts.

Generating the optimal cutting conditions
scheduling, described by NC programs, to produce
the required geometry involves determination of the
optimal cutter paths and machining parameters. The
common practice is to set machining parameters
such as feed rate, to constant value for the number of
cutter paths, using machinability handbooks and
experience of skilled machinist. The selected
parameters are often so excessive limited that
efficiency is very low for the machining process.

In this paper, a searching algorithm is proposed
to find the parameter incremental values of all cutter
locations along tool path for the generation of final
surface. The proposed algorithm includes the
following two main steps: evaluating blank real
surface shape and scarching for adjacent non-
isoparametric cutter locations, in the conditions to
meet the the restrictions.

The algorithm shall be embedded in a virtual
machining system that optimizes machining process,
based on geometric simulation, to improve the
process efficiency, under the assumption of
reconfigurable machines architecture.

Besides the efficient cutting condition scheduling
goal, there is the advantage by using such virtual
machining system, represented by the optimized
choosing of the tool for a specific operation and a
specific blank. The example given is taking into
account a reconfigurable machine configured as a
lathe. However, the algorithm may be extended to
all cutting processing.

Paper has the following structure: section 2
present the problem formulation, section 3 contains
the problem solution and section 4 summarizes the
main conclusions achieved.

2 Problem Formulation
2.1 Variables and terms definition

We formulate the problem of optimizing the

values of cutting processing parameters to improve
process efficiency.
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In order to formulate the problem, to identify the
issues involved and to find a solution, we need to
define several variables according to our approach.

As shown in Fig. 1, the insert cutting edge profile
is divided defining remarkable m points. We are
addressing to a current remarkable point on the
cutting edge as j point. Similarly as depicted in Fig.2
the workpiece profile is divided in remarkable n
points and we are referring to a current remarkable
point on the workpiece profile as 7 point.

Current cutter location is described by (i) pair;

while 7 is defining the current point on the
workpiece profile (cutter location), j is current point
on the cutting edge profile(cutter profile).. Another
variable in our optimization program is the variable
k, which is the indexing variable for (i,/) pair.
As described below, the reconfigurable machine is
configured as lathe with an additional degree of
freedom represented by rotation of the tool assembly
(¢ angle).

Our search algorithm is using as reference the
previous cutter location (k-/), as shown in Fig.2,
representing the last selected cutter location.
Consequently, every k position is associated with the
k), Zk) and X¢k) variable values.

In the proposed search algorithm we use the
current I variable which is the length of active
cutting edge (PQ arc), as seen in Fig.2.

Cutting edge
profile

Fig.1 Insert shape

According to our approach there are several data
to be used as input data:

Firstly, workpiece profile and cutting edge
profile is inputted from their CAD models, as we
assume that all tool modules are described in the
database stored in the reconfigurable machine
information system.

Secondly, the blank profile is determined by on-
machine measurement. Thirdly, it is inputted the
restricted variables: allowable force -F,, allowable L
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2.2 Reconfigurable lathe description

For a better understanding, the reconfigurable

lathe hardware configuration and the control system
is described bellow.
Our proposed architecture for the reconfigurable
lathe is composed of virtual processing planning
system, machining database, and “plug-and-play”
hardware modules.

The reconfigurable lathe considered is build out
of four independent modules, numerical controlled,
with independent sensor and motors. These modules
are main spindle, carriage, and the rotary tool
assembly. The reconfigurable lathe, configured for
cutting of longitudinal profiles, as shown in the
picture, is made of the following parts: bed 1, main
spindle 2, workpiece 3, cutting tool 4, tool holder 5,
carriage 6, rotary tool assembly 7, cross-slide 8,
slideway 9. The supplementary degree of freedom
represented by rotation of cutting tool is an
advantage for tool positioning because by using
interpolation for X and Z axes and the rotation of the
tool it can be achieved peculiar surface processing.
Configuration with rotary assembly tool parallel
with the axis of the spindle can be used for
processing complex surfaces such as poly-excentric
surfaces, or cams.
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Fig.3 The reconfigurable lathe

The hardware modules (main spindle, tool
holder, etc) are designed as “plug and play” and are
controlled directly, by-passing the post processing
phase of G-code generation. The control of the
modules is performed by sending simultaneously
successive position of controlled variables X(k),
Z(k), O(k) and ¢ (k) computed from (i,j) pair.

Part surface generation it is performed by moving
tool profile along helicoidally generating path,
obtained by combining revolution of the part and the
translation of the tool. The helicoidally path it is
divided, as described above, by coordinates
computing of a many successive (i,j) pair points to
control motors that performs movement of the
machine modules.

2.3 Problem statement

Our objective is to determine (7,j) pair under the
criteria of locally chip area maximization.

While the optimization criteria in the MRR and
force model are the MRR and the force respectively,
in our approach the search criterion is the locally
chip area maximized.

In the above two approaches the variable for
controlling the process is the feedrate, whereas we
are using two distinct variables, cutter location
(point 7) and cutter profile (point j). The cutter
profile variable is controlled by the additional
freedom degree represented by rotary tool assembly.

In the case of MRR model the restricted variable
is the chip area which is set to a minimum allowable
level (A<A,), and in the case of force model, the
restricted variable is the force (F<F,). Our approach
defines four restrictions: (A >A(ij), R>R(ij),
az>a(ij), L>L(ij)). Concerning system monitoring
our approach considers on-machine blank profile
measurement.

The search technique used in our approach is
exhaustive search by virtual machining.
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3 Problem Solution

The main idea of the optimization algorithm is
that, starting with the current i/ point on the part
profile, generated by j point on the tool, the next i
cutter location and the next j cutter profile are
searched, taking into account the restrictions defined
by the above restrictions, with the objective of
maximizing chip area, in order to increase
productivity.

For generation of certain 7 point on the workpiece
profile, the tool must be positioned tangent to this
profile in a j point.

For this current cutter position, it is computed the
values of controlled variables Aij, Lij, aij, Rij.
Afterwards it is checked the active cutting edge is
intersecting blank profile. In the positive case the
four restrictions are tested. The accepted positions
are stored.

Fig.4 depictures the generation sequence for final
workpiece surface, using optimization algorithm.
The point =21 on the workpiece profile and the
point j=16 on the cutting profile describes the
previous cutter location used for the searching of
next cutter location to be reached when the
workpiece is rotated with 360 degrees.

To achieve this, it is tested one at a time tool
position for /=22 and the cutter locations that verify
restrictions are stored. The simulation it is finalized
when it is found a 7 point on the final surface profile,
for which all j points on the tool profile does not
verify the four restrictions. Afterwards, it is searched
pair points for which chip area is maximized for the
given points ( the found pair is represented by points
i=25 and j=15). The optimization algorithm is
continued searching the next point referred to the
last (7,j) pair location.
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Fig.4 An example for search loop
Trajectory from point pair (i=21, j=16) to point
pair (=25, j=15), it is described by the points
i=22,23,24, dividing the helix resulted from one
revolution, in four intermediary steps, with
coordinate X, Z and AB. All intermediary (i,j) pair
coordinates are stored with their restricted variables.

In sort, as shown in Fig.4, the proposed algorithm
contains the following steps.
Preparatory steps:
1) workpiece and tool CAD model are inputted;
2) the blank profile is on-machine measured;
3) the restricted variables values are inputted in the
virtual manufacturing program.
Scheduling optimizing steps:
4) the tool profile it is positioned tangent with the
final workpiece profile, successively in all points on
the tool.
5) the four restriction for all tool positions are
tested and for each one the computing results are
stored.;
6) when all conditions are denied, then it is selected
the intermediary position with maximum area;
7) the algorithm is repeated starting with 1) until the
tool reaches the end of the workpiece profile; the
software output is the (i,j) pair coordinates;
9) by processing cinematic configuration of the lathe
the control variables values - X(k), Z(k), 0(k) and
(k) are obtained and then send to the modules .
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Blank profile measurement

CAD model

Workpiece profile and ‘
cutting edge profile

Workpiece and tool

Updated blank
v profile

Limit values of the restricted variables:

Fmax, Rzmax, Lmax,amax

Al '
Positioning the tool to the first point
of the workpiece profile

v

Positioning the cutting edge to
the next point (i) on workpiece
profile F

S
Restrictions verifying
for all m points of the cutting
edge

Select current cutter location
(k), according to maximum
chip area criterion

Adjacent cutter locations selection loop is
performed along workpiece profile

Cutter location dataset (k)
Cutter profile dataset (j)

v

! Lathe kinematic model ‘

Control variables dataset
X(k), Z(k), P (k)0 (k)

A
Reconfigurable lathe

Fig.5 Algorithm basic steps

Algorithm testing was performed using the

software developed in this research.
It is important to note that the experimental tests
shown in the Fig.6 was executed using arbitrary
scale and on few sequences, for an acceptable
picture accuracy.

. As shown in Fig.6, a) a image is representing
the successive positions of the cutting edge using
our algorithm and lathe architecture, whereas in b)
and c) images it was simulated constant MRR based
approach with a classical lathe architecture.

The yellow and green area depicts the cutting
tool successive position.

It was noticed an average efficiency
improvement up to 20%, resulting a higher cutting
productivity. Firstly, compared with the classical
case, the additional freedom degree represented by
rotary tool assembly is useful for an increased
productivity. Secondly, the testing for the four
restrictions, instead of one or two, assures that the
process is correctly performed according to the
specifications.
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As seen in Fig.7, when the control is based on
MRR approach, and there is no limitation
concerning the length of the active cutting edge, it is
possible to emerge a situation could cause instable
process (chatter).

Furthermore, there is the possibility to undermine
the roughness or chip width allowable values.

a) Proposed algorithm sequences -F,L,a,R restricted

2l

b) MRR based algorithm sequences
F and R restricted

¢) MRR based algorithm
F only restricted
Fig.6 Graphical representation of the cutter location
and cutter profile during virtual machining

Some histograms is given bellow to demonstrate
the performances of the algorithm. In the Fig.7 it is
shown the situation seen in Fig.6, ¢ showing the
roughness, chip width and cutting edge length
variations for each cutter location, to demonstrate
the necessities of more than one or two restrictions.

Since chip width, active cutting edge length and
roughness values are greater than the allowable
values for the given example, (see Fig.7, ab.c
respectively), all four variables are required for the
establishment of feedrate scheduling. It can be stated
that is compulsory requirement for using more than
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= T 2007, 326-334
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if,':’:.“"“ Mathematics and Computers in Simulation 75,

= 2007, 231-250
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- —{ }—ﬂ—ﬂ— Hwang, 5-Axis machining speed enhancement
Z = - by step length optimization, Journal of Materials

. © Roughness variation Processing Technology 187188 75, 2007, 2-5
Fig.7 Histograms showing undermining allowable

levels

4 Conclusion

Compared with the classical case, the additional
degree of freedom represented by rotary tool
assembly is determining a 20% productivity
increase.

The computation of all four restrictions instead of
one or two assures that the process is correctly
performed according to the specifications, and the
processing parameters are in the allowable range.
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Online learning for batch machining control
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Abstract: -Batch manufacturing is a widely used technique in today economy. The conceptual change of the
way in which the manufacturing machines are controlled is the most important aspect in which is possible to
conform with the market demands so their reconfigurability would not affect competitiveness. The problem to
be solved in this paper consists in a control method development for predictive control based on prediction of
the controlled variables deviation values in respect with their programmed values. The basic idea is to use the
data set obtained by monitoring the process during the manufacturing of the previous workpieces and during
the current workpiece in order to predict the controlled variable value. The method proposed consists in
determining of the causal relation between one controlled variable and the monitored variables and then
predicting its value in order to compensate the deviation from the program.

Key-Words: - in cycle online leaming, reconfigurable machining system, adaptive control, predictive control,

error compensation

1 Introduction

The characteristic aspects of the actual
mechanical parts market are: j) the volume of orders
has a lowering tendency; #i) the tendency of product
customization implies accentuated diversity of
shapes, dimensions and mechanical characteristics
for the products solicited by the market; i) the
manufacturing machines flexibility and the
reconfigurability tends to be the main characteristics
which determine the manufacturers profitability; iv)
the main direction in which is possible to progress in
order to adjust the manufacturing machines to the
market requirements is to change at conceptual level
the manner in which they are controlled so the
reconfigurability of the control system, according to
the orders imposed by the market, to be done in
technical and economical circumstances that do not
affect the competitiveness.

This is why small batch manufacturing is widely
used in today’s economy. An appropriate solution
for small batch manufacturing is to use of
reconfigurable machines. But after reconfiguration
stage, behavior of the reconfigurable machining
system is generally unknown. The models for the
manufacturing processes are also unknown. A lot of
time must be spend in order to identify these
unknown models because during system and process
identification several experiments must be
conducted. Moreover, the manufacturing system
behavior is changing in time. This change implies
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modification of both the model parameters and the
causal relations between the model variables.

The solution reported in the literature in order to
solve this problem consists in using an adaptive
control system. Generally, for an adaptive control
system the model structure remains unchanged but
the parameters of the model are changed in order for
a better modeling of the reality.

The identification is a repetitive and frequent
process which requires stopping the machine,
launching of specific experimental programs and
numerical data processing. This requires time thus
affects efficiency.

Solutions reported in the literature for model
parameter evaluation are based on several
algorithms. In most cases these algorithms consists
in two stages:

- obtaming of experimental dataset from the
sensor system and
- fitting the system model over the dataset.

For obtaining the dataset several solutions are
proposed:
1-manufacturing process is stopped and then
measurements are made upon the system [1], [2],
2-machining and measuring of test workpieces [3],
3-current workpiece is measured during its
machining [4] ,
4-measurement is made during the entire batch
manufacturing [5].

Model fitting over the dataset is usually done
using analytical techniques [6], techniques based on
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artificial neural network or on genetic algorithms
[71.

The main drawbacks which emerge from
applying the techniques reported in the literature are:
1-some of them are time consuming techniques
requiring the machine stop and launching specific
procedures,
2-model parameters evaluation require many
experiences (neural network case) thus the first
workpieces have no benefit from using the adaptive
system,
3-some of the approaches are used only to control a
single variable thus other important components will
remain uncontrolled and will affect in a negative
way the output control,
4-in all the cases it 1s assumed that the model causal
relations remain unchanged even though this
agsumption is not always confirmed in practice.

In this paper an online leaming algorithm is
proposed in order to overcome these drawbacks. The
algorithm is applied as a single whole to determine
several models which describe different aspects of
the system behavior such as machining etrors, tool
wear, or process stability for example.

Moreover, the dataset is filled only using the
monitoring system, without stopping the process or
using a test workpiece.

A feature of the proposed algorithm is that
includes in a unitary manner both the model update
and model use for corrections estimation.

Each algorithm running consists in determination
of the causal relations between state variables and in
generation of the best linear model describing
manufacturing system and process. The model is
then used for preventive control of the current
workpicce so that its deviations are compensated.
Thus the control error is actually the prediction
error. Algorithm is permanently run during the batch
machining so it can detect the systems evolution.

The algorithm design allows its use with few
previous workpiece, because it includes a procedure
for working with small datasets.

The remainder of this paper is organized in four
sections. Formulation of the problem is presented in
section 2. The proposed algorithm along with the
results of simulations using artificial data and data
resulted from laboratory experiments are presented
in section 3. A comparative analysis of the results
obtained using the algorithm and the results obtained
using a neural network technique is also presented in
section 3. Section 4 contains the main research
conclusions.
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2 Problem Formulation

The problem solved in this paper arises from the
following remarks:

1- In manufacturing process the measurement of the
process controlled variables can be sometime done
with big delay in respect with to the control action;
thus a classical control approach based on error
driven controllers does not always avoid the
appearance of rejection parts.

2-After reconfiguration stage, the reconfigurable
machining system is not known and the model for
the machining process is not available.

3- The model parameters values and the causal
relations on which the model is based change during
the batch manufacturing.

The problem to be solved in this paper consists in
development of a method for predictive control,
based on prediction of deviation of the controlled
variables values with respect to their programmed
values. Also the control must be adaptive for
discerning manufacturing system and process
dynamics.

The basic idea is to use the dataset obtained by
monitoring the process during the manufacturing of
the previous workpieces and during the current
workpiece in order to predict the controlled variable
value. The predicted value will be used for
minimizing its difference with respect to the
programmed value. For this purpose a specific
online learning algorithm should be used.

Moreover, the proposed method involves
integration of the system behavior identification
stage with the resulted model using stage for
obtaining the predicted values.

Finally, instead of using global models, the
simple, local and ephemeral models will be
preferred.

3 Problem Solution
3.1 Control scheme

Using reconfigurable machining systems for
batch production involves some variables to be
predicted and compensated. As the mathematical
models are unknown, the control algorithm should
consists in three phases:
* Learning phase- consisting in identification of the
causal relation between the predicted variable,
which will be called variable of interest, and the
other variables,
* Prediction phase- consisting in variable of interest
value determination,
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« Compensation phase- representing the action for
difference nulling between the programmed value
and the predicted value.

Part program

data Manufactured
— :
Reconfigurable workpiece

machining system

Embedded Dataset.
monitoring system

Devranor_l Prediction | Learning

compensation

Fig 1. Scheme of predictive control based on online
learning

We shall consider several machining cycles
which will produce several workpieces. The
machining surface will be divided in several zones
(I, IL, 1II, IV in Fig. 2). Each zone length is adopted
so that the correction required is constant over the
entire zone.

Each work cycle will be divided in a number of
stages (figure 2) which are: measuring stages or
prediction and compensation stages for each zone in
which the part was divided.

Workpiece Stige Variables
number | "= [ [V2[v3[v4][Vi[ V6| variable of
4 O+—T—1 interest
n 3 ” ~current
B [) stage
1 o | o
— T i
¢ |® o
5 . 9
n-1 4 [] |
3 . S
2 ® =
1 o | o v

- Current workpiece

AN [ e - measuring stage

® - past prediction and
compensation stage

O - current predicted
and compensation stage

A

- Previous workpiece

Fig 2. Dataset filling and exploiting
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During a measuring stage the variable values are
measured using sensors embedded on machine.
During a prediction stage only one variable, the
variable of interest, will be predicted and
compensated in order to null the deviation from the
programmed value, before its appearance in the
process. Finally for each variable of interest, a
measuring stage will be performed in order to record
the real value of the variable. A specific online
learning algorithm will be used for identifying the
model of the variable of interest. The dataset used
by the algorithm is composed by the variables
values recorded from the current workpiece until the
current stage and also for all previous workpieces.

Let us consider a simple workpiece which is
turned and tool path AB is divided in four zones
(figure 2). In current moment the cutting tool
machines the zone II. During the process six
variables V..V are monitored. All the variables are
measured and some of them (¥, V, and V,) are
predicted and then compensated based on their
predicted values. The workcycle was divided in
seven stages which three are prediction and
compensating stages and four are measuring stages.
For instance, stage 1 is a measuring stage which
consists in measuring Vs and Vs variables. If for the
current workpiece, the current stage is a prediction
and compensation one, the variable of interest value
would be predicted using a specific online learning
algorithm which use the measured values during the
current work cycle until the current stage and all the
records from the dataset which contain the measured
values for all the past workcycles. For the case
shown in Fig. 2, the current stage is 4, the variable
of interest is V5, the variables for which the values
were already measured are V3, Vs and V5. A model
will be build using these variables values and also
using all the variables values recorded for the
previous workpieces.

3.2 The proposed online learning algorithm
The proposed algorithm consists in the following
steps:
« In the first step the normalization of the dataset is
performed. Also the time evolution of the system is
compensated. In practice the evolution of the
variables values is quite monotonous and slowly
varying with respect to the time period required for
the entire batch manufacturing. Thus a linear model
would fit properly the time evolution for the entire
dataset. In this linear model, the time variable will
be measured by the workpiece index number. The
model structure will be:
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Vy=a,-t+b, (D)
where i denotes the order number of the variable,
V.(t) is the evaluated value of the variable Vi(1), t is

the index number of the workpiece and a; and b, are

constants, specific for variable Vi. All the variables

will be compensated using the following formula:
V.o =V.(n-V.@®) @

where V(1) is the compensated value of the variable

Vi,

A new dataset which will contain the time
compensated values for all the variables will be
filled.

« In the second step all the monitored variables will
be structured in all the possible combinations. Each
combination contains a group of variables which
always includes the variable of interest. These
variable groups represent all the possible causal
relations. For instance, in the example presented in
Fig. 2, the variable of interest ¥, could be modeled
only using the measured in current workcycle
variables Vs(n), Vs(n) and Vy(m). This is why the
causal relation can appear on one of the following
groups:

VVs), (Va-Vs), (Va-Ve), (VV Vs), (V-V5, V), (V-
Vs Vo), (V- V3, Vs, V)

¢ In the third step for each variables group a data
subset will be filled by selecting from the entire
dataset only the data corresponding to a number of &
workpieces. These k& workpieces will be selected so
their Euclidian distance to current workpiece,
corresponding to the selected variables group, taking
in account only the selected group’s variables,
would have the smaller values.

« In the fourth step for each data subset a linear
model is fitted. This model should have as variables
only those contained in this variables group. The
coefficients of the linear model are computed using
least square criterion.

e The next step implies the evaluation of each
model. This evaluation is based on the deviation for
each value of interest from the selected subset.

* In the sixth step the best linear model for fitting
the causal relation between the variable of interest
and the rest of monitored variables is selected. The
model is the one for which the standard deviation of
the variable of interest values is the lowest.

« The final step consists in the compensation action.
The difference between the predicted value and the
programmed value of the variables of interest is
compensated.
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1.Compensation of time system
evolution and variables
normalization

2. Selection of all variables
groups that could have causal
relation and which includes the
variable of interest

For each variable group:

3. A data subset should be
selected

4. Fitting a linear model over the
selected data subset.

5. Model performance
assessment over the data subset
members

6. Selection of the best model
and the variable of interest
prediction

7. Compensation of the
difference between the predicted
and necessary value for the
variable of interest

Fig. 3. The proposed online learning algorithm.

3.3 Numerical simulation
results

The proposed control method was applied on
artificial data and on data obtained from batch
manufacturing in laboratory conditions. The
obtained results were compared with the results
obtained by using ANN models and best NN model
facility.

and physical

Results obtained by simulation with artificial data

For a small number of previous manufactured
workpieces best NNmodel did not identified the
correct causal relation,

For a larger number of previous manufactured
workpieces best NNmodel did identify the correct
causal relation but the prognosis performance was
low.

The proposed algorithm identified the correct
causal relation in all the cases and the variable of
interest was predicted with a average of 10% error.
Results obtained by data obtained from batch
manufacturing in laboratory conditions

The physical simulations consisted in straight
turning of a batch of 81 workpieces having the shape
shown in Fig. 4.
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Fig 4. The blank used for simulation

During the machining several variables were
monitored: cutting force, temperature of the cutting
tool, power consumption in cutting process.

By applying the proposed algorithm, the average
value of the workpiece errors decreased with more
then a size range and the standard deviation
decreased with 38%.

4 Conclusions

The research shown in this article pointed out the
following conclusions:
¢ taking in account the time evolution of the system
behavior, both with respect to the causal relations
between the state variables and to the parameter
values of the model, is important because it
significantly — increase  the overall  control
performance,
* the proposed algorithm works well for all the batch
workpieces even for the first machined workpieces,
* the general character of the approach permits the
algorithm to be applied irrespectively of the nature
of the controlled variable,
sthe reduced running time required by the algorithm
allows its use for online correction,
*good results were obtained by applying the
algorithm for the predictive dimensional control in
turning processes.
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Abstract: - This paper presents an image processing procedure to detect and measure the insert and blade holder
profiles and positions. A helonic approach is considered in this paper whereby objects identification in the scene is
performed by basic regions (color based identification) merging in wider regions to meet geometrical description.
Specifying relationships between the image components and formulating queries that search for objects, their other
associated characteristics, is performed by a language for this specific problem. The proposed method is shown to be
effective and suitable for the unmanned measurement of insert and blade holder online identification. Moreover, the
proposed approach has the potential to deal with scene object identification problems.

Key-Words:- Tool condition monitoring, Machine vision, Holonic distributed intelligence, Reconfigurable machining

system, Holarchy

1 Introduction

Previously, we proposed a new lathe architecture with
the reconfigurable machining system in mind. The
reconfigurable virtual processing presume knowing the
insert profile, in order to perform virtual processing. The
new lathe architecture specific feature is represented by
a additional rotation degree of cutting holder. As
represented in Fig.l, our optimization algorithm
presumes knowing remarkable points on the cutter tool
in order to improve cutting process performance.

The reconfigurable architecture needs that the new
tools introduced to be measured and their description to
be stored in the data base system.

The some, there is the issue of collision detection in
the simulation phase, where the blade holder profile
needs to be known. These goals are to be reached using
machine vision techniques.

In order to identify unknown tools to be stored in the

system, we need to design a robust on-machine vision-
based measuring system for unknown environments.
The first aim is to identify remarkable points on the
cutter in the commonly situation of tool error
positioning. Another aim is to optimize utilization of
rest tool life travel in order to minimize production
costs. Once useful values for parameters describing the
degree of tool wear from a measuring process is known,
the control of the machine tool will be performed
accordingly.

In this paper we propose a new approach for machine
vision procedure in order to achieve objects
identification in the scene by reaching two goals:

(1) partition the image into homogencous regions, and
(if) accurately track the boundary for each object, based
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on certain geometric properties described by a specific
language and measure it. Our aim is the identification of
mnsert tool, blade holder profiles and than to identify
remarkable points on the profiles.

The application of machine vision to measurement of
tool has been of great interest in the research community
in recent years [1][2]. Several solutions have been
proposed, such as geometric descriptors [3] necessary
information to carry out the classification or threshold-
independent edge detection method based on moment
invariance [4].

Most of the researches used well known techniques
and algorithm from artificial vision field. Whereas other
TCM (Tool condition monitoring) approach aim is to
measure insert chip profile, we also need to identify
several components of the scene.

Segmentation, defining the action of grouping
process in which the component of a group is similar
with respect to some features, is a very important part of
image processing. An itmage comprising boundaries is a
much higher level representation of the scene, as it
represents the information explicitly. One segmentation
method is region growing, by grouping elemental arca
which share as common feature into large connected
“regions”, aiming that the regions found to correspond
to real-world object. While the proposed algorithm in
the literature criteria for the merging is the color, we
need to define certain conditions besides color, such as
geometric description, defined by a ‘“ambiguous”

language.
In the last decade, researchers have developed
numerous  approaches  concerning  segmentation

including Markov Random Field [5], pre-segmentation
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and hierarchical representation [6], or the Image
Foresting Transform [7]. Our proposed algorithm is
using the holonic concept to reach these aims.

The new holonic concept has been introduced by the
philosopher Arthur Koestler. He noted that in every
order of existence the non-interacting entities did not
exist and parts and wholes in an absolute sense do not
exist in the domain of life. Consequently, the relation
that entities can be seen to lie in is defined as holarchy.
He called systems of such entities Open Hierarchical
Systems (OHS) and these have subsequently been called
holarchies. Every identifiable unit of organization
comprises more basic units while at the same time is
forming a part of a larger unit, being subject of a part of
a larger unit. A holon, as Koestler defined the term, is an
identifiable part of a system that has a unique identity,
but is made up of sub-ordinate parts being a larger
whole.

Parts and wholes in an absolute sense do not exist in

the domain of life. "The [holarchy] is open-ended in the
downward, as it is in the upward direction”.
Shop floor control architectures have been proposed to
describe manufacturing future factory using holonic
manufacturing concept [8][9][10][11]. To apply these
ideas towards new manufacturing systems, several
research programs have been started (Intelligent
manufacturing system —IMS-program proposed by
Japan) or Next Generation Manufacturing (NGM) and
Visionary Manufacturing  Challenges for 2020
(VMC2020) projects funded by United States. However,
the general trend is to apply holonic concept to the shop
floor level only, and not at the machine control level.

There are several similarities with multi agent
concept such as basic features: autonomy, beliefs,
desires, and intentions (BDI), cooperation and
coordination, organization, communication, negotiation.

According to us, the difference between holons and

agents is represented by the additional features of holons
comparing to agents - the recurrence defining holarchies.
In this sense, one holon is formed of subordinated
several holons, that may be formed of other
subordinated holons.  There are several reciprocal
features of the holon defining interacting capability: is
autonomous to their subordinated holons, is dependent
to its higher levels holons, and is autonomous and acts in
co-ordination with other holons on the some level.
The permeability between holons are however limited
by the relations between them. For instance, considering
the society model described by Koestler, the cells
building tissue of an organ (a holarchy of cells), do not
mteract with an another organ (holarchy of tissues).

Ag far as we are concerned, a holon may be a
computational entity or a computational entity
associated with a physical part, such as translation
hardware module in a machine.

ISBN: 978-960-6766-63-3

190

256

We consider that the merging of machine vision and
holonic distributed intelligence is a very important step
toward high performance algorithms to identify scene.

A holonic approach is considered in this paper
whereby objects identification in the scene is performed
by basic regions (color based identified) merging in
wider regions to meet geometrical description.
Specifying relationships between the image components
and formulating queries between holons that search for
objects, is performed by a language specific for this
specific problem. However, the holonic based approach
for artificial vision may be used in other application with
multi objects scene.

2 Problem Formulation

In this study we will focus on the problem of object
recognition in the scene in order to identify insert and
blade holder profiles. We need to identify unknown tool
without the help of operator, building an unmanned
measurement system.

In the Fig.l is depicted the remarkable points
identification problem. Our proposed optimization
algorithm presumes knowing remarkable points on the
insert in order to improve cutting processing. The
optimization algorithm implies knowing exact position
of the remarkable points on the insert in order to process
using the additional rotation freedom degree. The issue
is that every mounting of the cutter on the machine will
imply error positioning. Primarily issue to be solved, the
identification of remarkable points on the profile is the
must have for our proposed lathe architecture control.
Secondly, we need to identify blade holder profile in
order to solve collision problems. The insert is
described by the exact position of remarkable points on
its profile. As a inference, we need to know the exact
position of the remarkable points, and not the profile
points position only. The position of the remarkable
points cannot be determinated as a translations error
only, but is determinated by the rotation error as well.
Consequently using contour only detection algorithm in
the condition of unknown scene is not appropriate. The
position 1, depicted in black, as shown in Fig.l is
describing the ideal position and the remarkable points
1,2,3.n. The second position it is representing the real
position of cutter with positioning errors and its
remarkable 1°,2°,3”.n" points. The remarkable points
needs to be identified, in their successive order, and the
coordinates needs to be calculated reported to the
camera reference point, which is known. Further, the
remarkable points coordinates in the machine reference
system is calculated by the intermediary of camera
reference coordinates and tool holder coordinates
(outputted by the sensors of X and Z axes).
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In order to identify remarkable points on insert
profile and blade holder profile, we need to identify
objects in the scene.

Object recognition is a fundamental task of machine
vision, usually deals with the following situation: one
observes a scene, extracts some features, and uses them
to assert if certain objects are present in the scene, and
what are their accurate positions. In the basic form of
this task, called localization, the identity of the object is
known. A different and more difficult task is
identification, where the information about the object is
its membership in some known shapes of objects. The
identification task is to discover both the shape and the
position of the target object. If the objects are identified
by certain colors and/or intensity the objects are easier to
be identified.

Point 2 Insert  Blade
paint1 g / holder
V4 ad & '\% /
Pl y
Point 2 J / =
Point 1" - [ 4 \‘ Cutter
y b / hold
/4 \\ /) // older
K % /
7
»

Fig.1 Cutter remarkable points identification scene

In our case, there are different types of cutter and
insert, and the issue, from the artificial vision algorithm
point, is that there are a vast variety of colors and
geometric configuration. As seen in Fig.2 the scene is
composed of varying colors areas, and we encounter in
the practice tools that interact with coolant, have small
rust areas, the insert color is modified due to hard
working condition, etc. We aim to identify insert profile,
measure the profile, identify positioning relative to a
point in the scene, identify blade holder and measure its
profile.

Also, our proposed reconfigurable lathe architecture
implies inputting new cutter information in the database
system. As a consequence, it is a challenge to build an
unmanned measurement system. There is also the issue
of describing the scene in order to identify objects.
Traditionally, it is the aim to establish “correspondence”
between different images of the same scene, that is to
determine which region in one image corresponds to
which or region in another image, to identify different
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object in the scene. Such corresponding points or
regions are then used to triangulate the position.

Fig.2 Cutter scene

3 Problem Solution

Usually in order to identify objects, the algorithm starts
scanning from the first pixel of the first column. This
scanning is repeated for all the rows to detect the
contour of the profile.

According to our approach the holons are placed
randomly in the scene, and their first task (individual
goal) is to determine objects with the some color
features.

The geometric matching process consists of two
stages: identifying regions and merging the regions and
building the objects. During the regions identification
stage, the holons scans the image starting with their
position until they occupy the area with the some color.
In the second stage the holons negotiate to form new
holons (which occupies objects to be searched), as
described by an “ambiguous” language description. The
language describing the scene is using relevant
information, the some human perception acknowledge
visual information to describe scene. Geometric
matching algorithm extracts geometric features from the
language describing the scene. The algorithm organizes
and stores these features and the spatial relationships
between these features in a manner that facilitates faster
searching in the inspection image. For instance, our
scene could be described as being composed of two
objects, one with triangular or rectangular, and a second
object with a greater area than the first one, of cvasi-
rectangular form. However the language is not subject to
this paper and will be further developed in our research.

As seen in Fig.8, the algorithm have identified two
objects described by the language. The blur contour is
the image resulted and the contours of the regions are
drawn with blank lines.

In the case tested, will be simply to describe a cutting
tool as being divided by insert and blade holder. In Fig.5
is represented the basic steps to follow in the scene
identification according to our proposed holonic
approach. Consecutively, the holons select regions (the
state of the scene is depicted in Fig.2), the holons
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negotiate with their neighbors the unification, and they
precede unification if agreed by partner holons.
Afterwards regions that do not belong to any holons (the
areas showing significantly color difference and
considerable small size) are embedded in existing
holons. The final step is to identify objects and measure
them.

In the Fig.3 is showed the intermediary step of
occupying regions by the holons. Holons 42 and 6 are
occupying the regions with the some color features and
will form a new holon, holon no 264 (depicted in Fig. 4),
representing an area with the some characacteristics. The
some holon 31 along with other holons will form a new
holon, “the red region holon”. The other holons, such as
holon no 77 are going to scan further to occupy regions.

Holon 77

Holon 42

Holon 31 Holon &

Fig. 3. Holons occupying regions intermediary step

Holon
264

Holon 34

Holon

Holon 221

123
Holon

125

Holon
67

Holon
21

Holon
28

Regions that
are not
belonging to
holons

Fig. 4 Holons regions after the first stage

As depicted in Fig.4, in the first stage the holons are
scanning the image and identify regions. The yellow,
green, red, blue, etc areas are the regions identified by
holons, so when referring to an region, we use the name
of the holon occupying it. An intermediary step is to be
completed between the two stages, as there are regions
not belonging to any holons. These regions are those
regions with a considerable variation of color with
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considerable small area. The regions will be subject to
negotiation between neighbor holons and included in
their region.

In the second stage the holons are negotiating with all
neighbor holons to form a new holon, representing the
object identified (insert or blade holder). As seen in
Fig.6 three neighbor holons negotiated and reached the
conclusion that by their unification will result a new
holon (Holon 221) which is a object to be searched. It is
to be noted that the negotiation process is done only
between neighbors not between all holons. After
forming a new holon, this will continue negotiation with
other neighbor holons.

They have a common goal as a group and that is to
devise the scene in the recognizable objects, the insert
and the blade holder.

Select regions

Negociate
unification with
neighbours
holons

Unificate regions if
object decriptions
is found

Unificate areas not
belonging to any
holon

Measure identified
objects

Fig.5 Conceptual algorithm using holonic approach

The holons will work under certain conditions which
specifies the geometric description (common goal), and
that of identifying a regions with the some color features
(individual goal). A soft constraint is a rule to decide
among several alternatives. To better compute the
possible unifications of the holon, it is necessary to
associate possible searched objects to each possible
alternative.
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/ Region 3 (\
Holon 24

Negociation
Negociation

Region 8
Holon 56

Fig.6 Holon negotiation to form new holon

One holon takes into account these alternatives in
order to decide whether to accept a “merging” proposal
or not. The negotiation is composed of several small
negotiations where geometric features are discussed
individually.

Holons do have some objectives such as a
minimizing the number of regions in the scene and
getting the best geometric feature description possible. It
is noticed that in our test case there are two levels of
holarchies. One is represented by the colour regions
holons, composed of holons occupying the some colour
area, the second one, the object holons composed of
holons occupying several regions (of different colour).

The third is the tool holon composed of two holons,
cutter holon and blader holder holon. The importance of
holarchy recurrence is obvious in the second stage.
There are two situation to be considered: two or more
holons are in the some objects area, when due to their
“merging” features will form a new holon (composed of
several holons), with the only individual goal to identify
region, and secondly, holons observe that there are areas
not belonging to any holons, which implies that one
holon will “born” another holon to occupy the area.

In the Fig.7 it is represented the holarchy recurrence
feature, as three holons, are merging into one, they
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' Region 1
HOLON 32

Region 1
HOLON 23

Region 1
HOLON 5

Region 1
New
HOLON 123

Region 1
HOLON 123

Fig.7 Holon recurrence

negotiate and consider that their united areas will form
an object searched. Relatively to other situation, one
holon may divide into two, as there is a neighbor area
not belonging to any holon. As stated above, some
holarchy permeability is limited. For instance a “red
region holon” will not be able to be a part of “blue
holarchy”, but the “blue holarchy” and the “red
holarchy” , along with other holarchies, are forming the
“cutter region holarchy”.

=

Fig.8 Two objects identified by their geometric description

Fig.9 The remarkable points on the cutter profile

In the Fig.8 it is shown the objects identified as insert
and blade holder. The remarkable points are successfully
identified on the cutter profile using holonic distributed
intelligence concept as seen in Fig.9. The points on
cutter are used to compare with previous profile (if is not
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the first time when tool is identified) and the tool wear is
determinate. The results of proposed approach for
unmanned scene identification showed that the proposed
algorithm in this paper is affective for an on-machine
unmanned tool measurement.

4 Conclusion

A classical approach of cutting tool identification using
machine vision fails to provide precision identifying of
unknown tools, in the condition of various colors that
might represent scene A holonic approach is considered
in this paper whereby objects identification in the scene
is performed by basic regions (color based identified)
merging in wider regions to meet geometrical
description by intermediary of holons.  Specifying
relationships between the image components and
formulating queries that search for objects, their other
associated characteristics, 1s performed by a language
for this specific problem. The proposed method is shown
to be effective and suitable for the unmanned
measurement of insert and blade holder. Moreover, the
proposed approach also has the potential to deal with
scene object identification problems.

Several topics remain to be studied in the future. First, a
methodology to rapidly refine the language describing
scene in order to accurately identify other objects needs
to be developed. Second, since the identification of the
scene is based on single non-moving camera it is a
challenge to identify a 3D space using several cameras.
Third, stress must be put on the development of the
mter-negotiation language between holons.
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Abstract: - Our paper objective is to propose a new concept of holonic control applied to reconfigurable machines. The
research aims by holonic approach of reconfigurable manufacturing system to obtain radically new, self-adaptive,
rapidly reconfigurable, holonic machines for batch industrial production in open-ended and rapid changing real-market
environments. The holonic concept can be applied on both hardware and software levels. The generic holon is defined
as a computational entity or a computational entity associated with a physical part. In the paper is show an example of
how holonic approach can be implemented by developing the next generation of manufacturing machines.

Key-Words: - Reconfigurable manufacturing systems, System architecture, Open architecture control, Holonic

structures, Self-programming, holarchy.

1 Introduction
Nowadays, companies building manufacturing machines
must face fast changes happening on technical,
commercial and economical field. These evolutions
emerging are the following:

- economy globalization, with the consequence the
emphasis of competition;

- individualization of needs, what means products
customization;

- capital dynamics, generating high requirements
concerning investment efficiency;

- the high versatility of small companies, ready for
fast adaptation to market,

These evolutions imply a new economic balance
between, economy, technology and society. [ts bound is
based on company capacity for a fast reaction with
minimum investment, not only to market new
requirements, but also dynamics of these
requirements, described by:

- high frequency of introducing the new products;

- increasing products variety along with reducing of
orders volume;

- changing concerning governments legislation (for
instance those connected to environment and product
safety);

-changing
manufacturing,

At the time, the companies’ responses to these
changes are based on the idea to extend some of the
attributes of classic manufacturing system which define
reconfigurability.

As solution it was proposed a new paradigm, called
reconfigurable machining system [RMS] [1]. A
reconfigurable machining system is designed for rapid

to

concerning  technologies wused in

ISBN: 978-960-6766-63-3

196

261

change in structure both in hardware and software
components. An RMS consists of modular hardware
components, for instance a translation hardware module
or rotation module. The system architecture is open to
embed new types of modules or to build architecture.
The system is capable of changing architecture by
selecting different modules and assembling them in a
desired configuration.

We are suggesting a new approach for this general
concept, in order to obtain a good reaction of the
industrial environment represented by investment to
integrate the concept in the industry. Until now the
literature has made very brief reports on applications of
holonic modeling of manufacturing enterprises, of shop
floor control systems, of material handling and of
logistics systems [2][3][4][5]. We propose that the
concept of holonic system to be applied to the machine
itself, as it implies at least 90% of the technical
implications and 80% of the economic implications of
the physical objects manufacturing process.

The literature reports the concept of reconfigurable
machine, based on the idea that several modules can
form together a machine [6]. The paper proposes a new
paradigm,  the  holonic  reconfigurable  (HR)
manufacturing machines based on the idea of modules
being regarded as adaptronic, autonomous, cooperative
and intelligent entities, represented by intelligent holons,
capable of communicating with one another and with the
human operator.

The literature points out the notion of knowledge-
based holon in the sense that the holon is knowledge-
based controlled [7][8][9]. We need to develop the
cognition-based holons, characterized by instinctual and
social behavior associated with the capability of creating
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knowledge on-line, of reasoning and applying the results
reached on-line.

Unlike the present CNC manufacturing machines, the
HR manufacturing machines to be developed will have
the following capabilities: self-organization, self-
programming (the part-program contains a target list, not
a guidelines list), self-optimization (by interholonic
negotiation) and preventive self-adaptation (stability,
accuracy and costs). That is why the HR manufacturing
machines represent the next generation of manufacturing
machines.

Our research aims to develop a new generation of
manufacturing machines for helping instrument
manufacturers and machine builders to stay ahead in
competition regarding the responsiveness to the
changing mix and volume demands and the efficiency in
small batch industrial production of the physical objects,
through reducing the lead-time, reducing the capital
waste, increaging the scalability within a wide range,
holistically minimizing the cost and improving the
quality control techniques.

We defined the machine-holon as either a
computational entity or a computational entity
associated with a physical part, such as translation
hardware module in a machine.

Our paper objective is to propose a new concept,
leading to create radically new, self-adaptive, and
rapidly reconfigurable, holonic machines for batch
industrial production in open-ended and rapid changing
real-market environments and show an example of how
they can be implemented by developing the next
generation of manufacturing machines.

2 Problem Formulation

The research scope is to achieve a new paradigm —
holonic reconfigurable machines — on the basis of which
the part manufacturing machines are to be re-conceived.
Scope can be reached through:

1.Conceptual development of the holonic reconfigurable
machines, based on a new paradigm;

2. Application of the holonic reconfigurable machines
class for development of the next generation
manufacturing machines;

3. Development of tools and methods for modeling, set-
up and use of the next generation manufacturing
machine as adaptive-mechatronic (“adaptronic™) system;
4. Development of modules and application of their
usage for configuration of a next generation
manufacturing machine able to ensure reduction of the
ramp-up time, reduction of energy consumption and
increase of accuracy, relative to the present generation
of manufacturing machines.
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3 Problem Solution

3.1 Key ideas

The development of the proposed new paradigm can be
based on the following key ideas:

1. Reconfigurable machines instead of flexible

systems — Flexible manufacturing systems easily adapt
to market changes in which they include a great number
of specialized modules (non-convertible) that can meet
all needs. As one single module is used among all those
available in a given moment, the capital invested in the
other modules is capital waste.
Unlike these, the reconfigurable machines are made up
of modules showing all a high degree of convertibility.
As a result, the number of necessary modules is reduced,
thus reducing the capital waste as well. The fact that the
modules show a great range of addressability and a high
degree of convertibility represents the basis of hardware
architecture reconfiguration.

2. The machine modules to be mechatronic systems —
This means that each module represents one degree of
freedom of the machine (considered as multi-arms
robot) and it is a mechatronic system which integrated
sensors, actuator, control and mechanical structure.

3. The machine modules are intelligent holons — Each
module is an independent building block and has
interfaces for mechanical, electrical and informational
connections. The modules must be autonomous (able to
plan and execute the plan), cooperative (able to
negotiate with one or more modules a plan and associate
for developing this plan) and intelligent (capable of
self-cognition by self-identification, learning and
reasoning), i.e. to be cognition-based intelligent holons.

4. The machine must have a distributed knowledge,
cognitive and learning system, which are based on the
idea that the machine operation during machining of a
piece represent the best experience that may be used for
extracting knowledge by data mining techniques. As
soon as knowledge is extracted, it should be applied for
better process control and consumption reduction. For
example, by monitoring the holons during first k& parts
machining and by extracting information from the data
thus obtained, the actual holons models can be obtained.
These models may be used for predicting the behavior of
the holons during machining of the part k+/. Deviations
from the initial plan that may appear can thus be
compensated, which means that the control is not only
adaptive but predictive as well. The residual deviations
after k+/ part machining do not depend on the holon
behavior neither on process intensity, but of the
accuracy of the behavior prognosis. In this way the
process is better controlled and can be intensified and
developed in one stage, avoiding the two usual stages:
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rough and finish. This results in considerable decrease in
both energy and raw materials consumption,

S. The models used for identification shall be simple,
local and temporal — During processing of a batch of p
objects, the difference between the p blanks is not too
high. Moreover, re-identification is performed at small
time intervals (e.g. after processing each piece). This
makes the machine state variables change very little,
always remaining in the vicinity of the operation point.
That is why the models describing the holon behavior
shall be simple, local and temporal. Being as simple as
that, the number of experiences taken to build these
models can be reduced to one or two pieces. Thus it is
possible to better control the process and significantly
reduce consumption even in the case of small batch
production.

6. Replacement the hierarchic control with a
holarchic control — After reconfiguring, a long ramp-up
time is necessary to remake the hierarchic control
system. If the control system is a holarchic one, the
modules may function by unsupervised cooperation, on
the basis of a general rules set, without the need of
designing and executing of a special top-down control
system. The holarchic control represents the basis of the
reconfigurability of the machine control system and of
the “plug-and-play™ operation of the machine in case of
small batch production.

7. The machine functioning to be holistically
optimized on-line by negotiation among the machine
holons — When two holons cooperate in order to
accomplish one task, the task execution is preceded by
negotiation between the two holons. Each holon
responds to the cooperation needs of the other, and by
planning and simulating the task accomplishment, while
the performance level is evaluated. If the performance
level is not satisfactory, then the way in which they
cooperate in task accomplishment is changed and a new

simulation is performed, and so on, until the
performance reaches the highest level. Before
negotiation all possible alternatives of the task

achievement plan are identified. Upon completion of the
negotiation, one of the alternatives is selected.

8. The part-program should comprise information
regarding the characteristics imposed on the
mamifactured object in order to be considered
acceptable, and not information on the way in which the
functioning cycle of the machine should develop so that
the object may have these characteristics — This means
that the part-program should contain a list of targets and
not a list of instructions. Starting from the targets
included in the part-program, the holonic structure of the
machine should allow for negotiation of the plan design,
plan analysis and plan proper execution. The part-
program shall be very simple as it will contain only the
targets written in a high-level language. Consequently
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the machine programming time shall be much shorter,
which is crucial in case of small batch production.

3.2 Characteristics of the HR machines

According with the proposed paradigm, the HR
machines will have the following seven core
characteristics:

a)  Robotic-modular  structure -  Holonic

reconfigurable machines feature the architecture of a
robot with one or more arms. Each arm ends in a gripper
which grasps the piece, the tool, measuring device or
other elements. Each arm has a number of degrees of
freedom: some of them are active and represent simple
rotation or translation movements while others are
passive i.e. represent possible but blocked movements.
A passive degree of freedom is a mechanical interface
by means of which the module is connected to another
module to form together the machine configuration.
Each degree of freedom, active or passive, has a
reference system. The relative position of the module
reference systems is known. So it is the solid model of
the module.

b) “Adaptronic” concept — FEach module is a
mechatronic system integrating an actuator, mechanical
structure, sensors and embedded controller. The sensors
monitor the state variables of the module, such as
effector position and thermo-mechanical field of the
module, using sensor fusion techniques. The sensors are
periodically read at appropriate frequencies. Between
two successive readings the control loop is run once.
The adaptive control algorithm provides for two-stage
processing of the data sent by the sensors, i.e. the
module self-identification and the deviations prediction
stage followed by correction (or compensation) of the
state variable values.

¢) Cognition based — With HR machines the part-
program is a list of targets containing only information
on the result to be obtained by material processing, such
as: shape, size, position, micro-geometry of each
surface, and not a list of instructions the machine is
supposed to follow (which stands for the machine
operating cycle). Thus the preparation time taken by the
HR machine to execute a new object is fundamentally
diminished.

HR machines have the capability of on line self-
programming which means that based on the list of
targets they can elaborate the list of instructions. For
self-programming, certain knowledge is mnecessary
specific both to the new object to be manufactured —
such as the relationship between the work piece
material, cutting speed and tool wear rate, and to the
new machine that emerged by reconfiguration — such as
the relationship between dimensional deviations and
cutting force. The HR machines include a distributed
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cognitive system which, by employing the data and
knowledge obtained by the modules during operation,
develops reasoning which further generates the
knowledge needed for self programming, both those
specific to the new object and to the new machine (thus
fundamentally reducing the  ramp-up time). The
reasoning techniques shall be the unsupervised ones,
such as case based reasoning. Also the distributed
cognitive system provides the knowledge necessary for
the HR machine self-organization, self-adaptation and
self-optimization, as in the case of the HR machine self-
programming.

d) Holonic operated — The modules shaping the
machine stucture are autonomous and cooperative,
which means they are holons able to elaborate, negotiate
and execute the plan of achieving the selected target (the
list of proposed targets is in the part-program of the
manufactured object). A working cycle of a HR machine
has as starting point the selection of one of the targets
included into the part-program and ends with the
achievement of that target, which includes planning,
negotiation and execution activities. Thus, all possible
alternatives to reach the target are first identified. By
selecting one of these possibilities, the planning stage
which consists in self-organization, task binning and
self-programming is run over. The resulting plan is
evaluated in terms of feasibility and, if accepted, the
resulting performance is evaluated too. By comparing
the performance corresponding to the feasible
alternatives, it is accepted the plan reaching the highest
performance level, Next the accepted plan is executed,
ie, the task-program execution, predictive stability
control, adaptive accuracy control and optimal cost
control, resulting in the manufactured object and a brief
Teport.

¢) Holarhic controlled — The holon autonomy is given
by a set of internal rules which determines its
“instinctual” behavior while the holon cooperation is
provided by a set of external rules which determines its
“social” behavior and forms the machine operating
system. The holon “instinct” is embedded into its own
control system and represents a fixed characteristic,
which is not changed by the holon reconfiguration — for
example, the solid model of the holon. The “social” part
of the holon does change with the machine
reconfiguration. A proper design and development of
the holon “instinet” may reduce the “social” to a next-to-
negligible level. In this way the holarchic control makes
the HR machines work “plug-and-play” and, after its
reconfiguration, need a low ramp-up time, which is
crucial in assuring responsiveness to changing mix and
volume demands.

f) On-line holistic optimized — The part-program of
the HR machines contains only information about the
requirements imposed to the object (targets), not
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information about the working plan the machine has to
follow in order to reach these targets. Before starting the
machining process leading to the target, the holons pass
throngh  the  negotiation stage  when  they
conceive/prepare the possible alternatives of the working
plan, simulate the running, evaluate the performance and
select the best altermnative.

g) Reconfigurable and open architecture — Both
hardware and software architectures of the HR machines
are open, because adding or eliminating a holon
modifies the number of holons but not the rules
governing their cooperation. Moreover, by on-line self-
identification (which is one of the components of the
self-adaptation capability) HR machines permanently
update the control model so that the structure
modification along with the time and space evolution of
their behavior does not determine the machine to stop
for re-adjusting or re-programming.

3.3 HR manufacturing machine structure

This next generation manufacturing machine has the
structure of a 3-arms robot, one arm holds and rotates
the work-piece, another arm holds the work-piece and
the third arm holds the tool or the measuring device.

. Holon contral
" embedded syslem

Effector-..|

Inlerace
far communicalion

Melar |

Power supphy

b)
Fig.1 Hardware architecture of configured

manufacturing machine (a); the conceptual schemata of
a holon (b).
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Each degree of freedom is given by a module, such
as: longitudinal translation (3), transversal translation
(4), tool rotation (5), part rotation (1), loading the tool
(2), loading the measuring device (6) and work-piece
holding (7). These modules are autonomous, cooperative
and intelligent, meaning that they are intelligent holons.
Each holon is a mechatronic knowledge based module.
For example, a kinematic holon is shown in the fig. 1, b.
This holon materializes a degree of freedom that consists
in a translation movement. It has an actuator for
performing the translation movement, an effector,
sensors for monitoring the holon state variables (for
example, the effector position), an intelligent embedded
control system which implements the holon control
algorithms and an interface for communication with
other holons.

3.4 The holon main functions

Holon embedded control system ensures the following
main functions of the holon:

- manages the knowledge, cognitive and learning system
of the holon;

- draws the plan for reaching current target of the part-
program;

- negotiates with other holons the plan adjustment
(negotiation including a virtual running of the plan) thus
making self-optimization process of target reaching;

- cooperates with other holons in order to develop the
plan;

- registers the consumption (time, energy, materials)
occasioned by plan development.

Self-programing — Once the current target is known,
the HR manufacturing machines make up the
instructions list based on the idea of dividing this target
into a number of elementary targets so that: i) if all
elementary targets have been reached, then the current
target has been reached; ii) to reach one elementary
target it is sufficient that, at a certain moment, the
participating holons be in a well defined state. The
successive values of the participating holons state
parameters represent the current target achievement
program.

Self-optimization — The holons 3, 4 and 5 negotiate
the plan of generating the surface profile and adopt the
plan for which the highest performance level can be
reached. After plan validation, these holons cooperate to
displace the tool along the surface profile, whereas the
holons 1 and 2 cooperate to machine the surface (Fig.
1.).

The self-optimization by negotiation takes place
according to the flow-chart introduced in figure 3 and
consists of:

-starting from the target input in the part-program, the
possible alternatives of reaching this target are
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identified; for example which of the available tools shall
be used is a criterion for the identification of the
possible alternatives;

-one alternative is selected out of the identified ones; -
drawing the target reaching plan;

-the feasibility of this plan is evaluated and, if proven
not feasible (for example if it leads to collisions between
the module systems), then the alternative is rejected and
another alternative will be selected;

-if the plan is feasible, then the economic performance
of the alternative, cost (energy, raw materials, tools wear
etc.) and time, is evaluated;

Identify all Part
posibilities program
Y
Selective
alternative
\J
Planning | Rejected
L il negociation
Fesability )
evaluation Rejected
Reached \ 4
targets Performance Y
A assessment
\J
Ececution Self-
plan optimisation
a)
Accepted
plan
Selected
L alternative
Execute
Task-program Y
Self-
Y organisation
Predictive
Stability
Control A
Task-bining | *
Y
Adaptive
pesizcy Y Planning
Control S
programming
Y
Optimal
Cost
Control
M
Plan
\/
Reached
target

b) °)
Fig. 3. Flow-chart of the negotiation (a), plan execution
(b) and planning (c) processes
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-taking performance into consideration, all feasible
alternatives are analyzed and a decision is taken on the
optimal alternative;

-the plan is executed according to the chosen alternative.

Self-adaptation

a) Stability — During machining, the tool holon 2
(Fig. 1) monitors the time evolution of the cutting force,
permanently processes this signal, and identifies the
process, as follows: 7) if the signal is stochastic, the
process is stable, i) if the signal is chaotic, the process is
stable but very close to the stability limit and #7j) if the
signal is periodic, the process is unstable. Self-
adaptation consists in that if the signal is chaotic, then,
preventively, certain holon state variables are modified
(cutting speed, for instance) in order to prevent
instability occurrence.

b) Costs — The tool holon monitors the tool wear rate,
force and other parameters, in order to identify the
economic model of the process. Self-adaptation consists
in cost minimizing based on this model.

¢) Accuracy — After finishing the machining process,

the measuring device holon 6 (Fig. 1.) explores the part
surface, being displaced in this respect by holons 3, 4
and 5. The coordinates of the explored points are used
for making up the geometrical model of the part surface,
its comparison with the CAD model and establishing its
conformity to requirements.
Self-adaptation consists in that the data thus obtained are
used for dimensional identification, the prognosis of
deviations that may occur with the next item and the
subsequent modification of the plan, so that those
deviations to be compensated.

4 Conclusion

This paper presented a new approach for developing
reconfigurable manufacturing machines. According to
the authors, the holonic approach could be the solution
of the issues arising in the development of the
manufacturing machines. The holonic concept can be
applied on both hardware and software levels. Several
research directions have been drawn for future
development of holonic reconfigurable manufacturing
system.
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Abstract: -Batch manufacturing is a widely used technique in today economy. The conceptual change of the
way in which the manufacturing machines are controlled is the most important aspect in which is possible to
conform with the market demands so their reconfigurability would not affect competitiveness. The problem to
be solved in this paper consists in a control method development for predictive control based on prediction of
the controlled variables deviation values in respect with their programmed values and also to predict the
process parameters for which chatter will appear. . The basic idea is to use the data set obtained by monitoring
the process during the manufacturing of the previous workpieces and during the current workpiece in order to
predict the controlled variable value and to train a clasiffier algorithm. The method proposed consists in
determining of the causal relation between one controlled variable and the monitored variables and then
predicting its valuc in order to compensate the deviation from the program.

Key-Words: - online learning system, reconfigurable machining system, adaptive control, predictive control,
error compensation, chatter, turning

1 Introduction constructed. Also in order to maximize the
The characteristic aspects of the actual productivity the material removal rate must be
mechanical parts market are: i) the volume of orders maximized while maintaing the proces stability. In
has a lowering tendency: #i) the tendency of product order to increase the productivity the cutting speed
customization implies accentuated diversity of must be increased. But by increasing process
shapes, dimensions and mechanical characteristics 1nten51ty,. forced v1brat10n and 1n.creased cutting,
for the products solicited by the market; #i) the force mai appear. This phenomenon is called chatter.
manufacturing machines flexibility and the The result of chatter causes several adverse effects,
reconfigurability tends to be the main characteristics including the lowering life span for tools, inexact
which determine the manufacturers profitability; iv) dimensions,  unsatisfactory  surface  quality,
the main direction in which is possible to progress in unacceptable noise and even tool damage. A model
order to adjust the manufacturing machines to the for the stability limit must be determined. In order to
market requirements is to change at conceptual level proper control the cutting process the machining
the manner in which they are controlled so the parameters must be properly selected near the
reconfigurability of the control system, according to stability limit but in the stable domain. A lot of time
the orders imposed by the market, to be done in must be spend in order to identify these unknown
technical and economical circumstances that do not models  because during system and process
affect the competitiveness. identification  several experiments must be
This is why small batch manufacturing is widely conducted. Moreover, the manufacturing system
used in today’s economy. An appropriate solution behavior is changing in time. This change implies
for small batch manufacturing is to use of modification of both the model parameters and the
reconfigurable machines. But after reconfiguration causal relations between the model variables.
stage, behavior of the reconfigurable machining The solution reported in the literature in order to
system is generally unknown. The models for the diminish the machining errors consists in using an
manufacturing processes are also unknown. In order adaptive predictive control system. Generally, for an
to compensate the machined workpiece errors for adaptive control system the model structure remains

each machine configuration an error model must be
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unchanged but the parameters of the model are
changed in order for a better modeling of the reality.

The identification is a repetitive and frequent
process which requires stopping the machine,
launching of specific experimental programs and
numerical data processing. This requires time thus
affects efficiency.

Solutions reported in the literature for model
parameter evaluation are based on several
algorithms. In most cases these algorithms consists
in two stages:

- obtaining of experimental dataset from the
sensor system and
- fitting the system model over the dataset.

For obtaining the dataset several solutions are
proposed:
l-manufacturing process is stopped and then
measurements are made upon the system [1], [2],
2-machining and measuring of test workpieces [3],
3-current workpiece is measured during its
machining [4],
4-measurement is made during the entire batch
manufacturing [5].

Model fitting over the dataset is usually done
using analytical techniques [6], techniques based on
artificial neural network or on genetic algorithms
[7].

The main drawbacks which emerge from
applying the techniques reported in the literature are:
1-some of them are time consuming techniques
requiring the machine stop and launching specific
procedures,
2-model parameters evaluation require many
experiences (neural network case) thus the first
workpieces have no benefit from using the adaptive
system,
3-some of the approaches are used only to control a
single variable thus other important components will
remain uncontrolled and will affect in a negative
way the output control,
4-in all the cases it is assumed that the model causal
relations remain unchanged even though this
assumption is not always confirmed in practice.

The vibration caused by using improper process
parameters is a dynamically unstable phenomenon.
This phenomenon has been studied for long time,
but no approach of modeling this phenomenon for
the reconfigurable machine tools is new. Dhupia
[9] studied the stability dynamics of the arch-
type reconfigurable machine tool. A comparison
of frequency response functions and stability lobes
of the arch-type reconfigurable machine tool was
made for different reconfiguration position. Thed
study revealed that similar dynamic characteristics

ISSN: 1991-8763

203

474

Raport in extenso pentru etapa unica 2008

Marinescu V., Constantin I. C.,
Epureanu A., Banu M. and Marin F. B.

exist for different reconfiguration structures. This
similarity is possible the dominant mode where
chatter occurs is caused by the spindle-tool and tool
—tool holder assembly. Moreover, the conclusion
was that in order to guarantee constant dynamic
behavior in any case, the machine’s structural
frequencies must be less dominant than the
structural frequencies of the spindle, tool and tool
holder. So the general approach of the chatter
phenomenon may be used for reconfigurable
machine tools. The general approach [10, 11]
consists in modeling of the dynamics of the system
and determining the frequency response functions,
by modeling the workpiece, the tool holder and the
tool and then the model parameters must by
identified. In some papers a predictive control
aproach is made. In [12] the stability is assessed by
using the ratio of the predicted maximum dynamic
cutting force to the predicted maximum static
cutting force. The cutting force is predicted by using
as input parameters workpiece material properties,
the tool geometry and the cutting conditions.

Chatter monitoring is done usually by using
accelerometers [13], microphones [14], force
dynamometers [13,15] or even by measuring the
spindle drive current [16]. By using these sensors
the stability of the process is assessed. However the
in these papers the control of the chatter
phenomenon is preventive. The models used for
preventive control are often analytical and their
structure is obtained by using simplifying
hypotheses.

In order to control reconfigurable
machine tools we propose a novel control structure.
This control structure includes an online learning
system which supplies input data to a general
operation scheduling algorithm which controls the
reconfigurable machine tool hardware structure The
onling learning system is used for generating
corrections for the machine axes and also for
specifying the limit conditions before the chatter
phenomenon appearance. The process is monitored
and the instability tendencies situations are used for
determining the stability limit.

The dataset used for process modeling is filled
only using the monitoring system, without stopping
the process or using a test workpiece.

The algorithm wused for dimensional control
includes in a unitary manner both the model update
and model use for corrections estimation. Each
algorithm running consists in determination of the
causal relations between state variables and in
generation of the best linear model describing
manufacturing system and process. The model is
then used for preventive control of the current
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workpiece so that its deviations are compensated.
Thus the control error is actually the prediction
error. Algorithm is permanently run during the batch
machining so it can detect the systems evolution.

The algorithm design allows its use with few
previous workpiece, because it includes a procedure
for working with small datasets.

The remainder of this paper is organized in four
sections. Formulation of the problem is presented in
section 2. The proposed control structure, the ontline
learning sistem along with the results of simulations
using artificial data and data resulted from
laboratory experiments are presented in section 3.
Section 4 contains the main research conclusions.

2 Problem Formulation

The problem solved in this paper arises from the
following remarks:
1- the classical CNC is not suitable for
reconfigurable machine tools because the models of
these machine is changing dramatically during the
reconfiguration stage and their models is not known
in order to properly control the machine
2.- the CNC structures are not suitable for chatter
predictive control
4, The CNCs are not using data obtained from the
process in order to improve their performance
3- In manufacturing process the measurement of the
process controlled variables can be sometime done
with big delay in respect with to the control action,
thus a classical control approach based on error
driven controllers does not always avoid the
appearance of rejection parts.
3- The model parameters values and the causal
relations on which the model is based change during
the batch manufacturing.

The problem to be solved in this paper consists in
development of novel control system suitable for
reconfigurable machine tools which will use a
method for predictive control, based on prediction of
deviation of the controlled variables values with
respect to their programmed values and a method for
predictive control of the process stabilty. Also the
control must be adaptive for discerning
manufacturing system and process dynamics.

The basic idea is to use the dataset obtained by
monitoring the process during the manufacturing of
the previous workpieces and during the current
workpiece in order to predict the controlled variable
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value and to avoid the apearence of chatter
phenomenon. The predicted deviation value will be
used for minimizing its difference with respect to
the programmed value.

Moreover, the proposed method involves
integration of the system behavior identification
stage with the resulted model using stage for
obtaining the predicted values.

Finally, instead of using global models, the
simple, local and ephemeral models will be
preferred and the stability limit will be determined
online.

3 Problem Solution

3.1 The RMT programming

As depicted in fig. 1 modern CNC machine
programming architecture is considering the
following data flow. A CAD program is used for
workpiece design. Based on the workpiece
specification process planning is then performed
using a CAPP (Computer Aided Process Planing)
software package. Then using a manufacturing
process plan as input the part program is generated
by a CAM software. The CNC process this program
and the result is the finished workpiece. No
correction is performed during the machine running.
Also the stability of the process is not taken in
account. Only the stability of each axis is assured
during the machine setup by setting choosing a set
of servoparameters. The proposed control system
has a similar structure for CAD-CAPP software.

The classical CAM software is replaced by an
adaptive CAM which have the advantage of
providing the values for technological description of
the process and by CAE (Computer Aided
Engineering) which performs the simulation of
current RMT kinematical configuration. The
algorithm computed in the A-CAM is also
computed in Algorithm running unit (ARU). The
CAM running in process design phase is virtual
machining considering nominal values.
Consequently, the ARU running on the machine is
running with measured values, which are
continuously updated. The ARU uses as input
parameters the values obtained from the online
learning  system. This system corrects the
dimensional errors and assures the process stability
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Fig.1 Proposed RMT programming

3.2 The reconfigurable lathe

We will describe a reconfigurable lathe
structure for exemplification. Our proposed
architecture for the reconfigurable lathe is composed
of virtual processing planning system, machining
database, and “plug-and-play” hardware modules.

The reconfigurable lathe considered is build out
of four independent modules, numerical controlled,
with independent sensor and motors. These modules
are main spindle, X and Z axis asembly, and the
rotary tool assembly. The reconfigurable lathe,
configured for cutting of longitudinal profiles, as
shown in the picture, is made of the following parts:
bed 1, main spindle 2, workpiece 3, cutting tool 4,
tool holder 5, carriage 6, rotary tool assembly 7,
cross-slide 8, slideway 9. Having a supplementary
degree of freedom represented by rotation of cutting
tool it is an advantage for tool to positioning, and
using interpolation for x and z axis and the rotation
of the tool it can be achieved peculiar surface
processing. Using a configuration with rotary
assembly tool parallel with the axel of the spindle, it
can be processed surfaces such as poliexcentric
revolution surfaces, complex surfaces or cams.
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The hardware modules (main spindle, tool
holder, etc) are design as “plug and play” and are
controlled directly using optimal control variable,
by-passing the post processing phase of G-code
generation. The control of the modules it is
performed by sending simultaneously successive
position of controlled variables X(k), Z(k), 6 (k) and
(k) computed from (7,j) pair.

In order to control the machine, each blanck of
the current batch is measured using by on-machine
measurement. The workpiece profile is inputted
form CAM CAD model. So the machining
allowance is known for the entire workpiece surface.
The algorithm running unit is used

Part surface generation it is performed by moving
tool profile along helicoidally generating path,
obtained by combining revolution of the part and the
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translation of the tool. The trajectory of the
helicoidally path is divided, by coordinates
computing of a many successive (7,j) pair points to
control motors that performs movement actions of
the machine. For each point, the online learning
system will generate dimensional correction
parameters and also the parameters that will be used
as input data for the algorithm running unit. These
input parameters will be La (the length of cutting
active), allowable chip thickness - aa (chip
thickness). The learning system controls the stability
by correcting the length of the active cutting edge
and the cutting speed limits and in order to maintain
the process stability. Also an equation for the
stability limit will be supplied by the learning
system. This equation will be used for validation
purposes.

3.3 The chatter predictive control

The chatter phenomenon appearance is often a
regenerative phenomenon. In the case repetitive
machining of the same surface the chatter may
appear as a consequence of the previous workcycle.
The length of the chatter waves A fig. 3 will be
determined by the variable force F which is
generated by the variability of the machining
allowance.

Regenerative chatter
for current workcycle

Fig.3. The regenerative chatter phenomenon

The chatter phnomemon apearence may be
avoided by properly controlling three paramenters:
the active lenght of the cutting tool, the feed rate and
the cutting speed. Our purpose is to determine the
stability limit in order to supply the parameter La for
the algorithm runing unit. This algorithm will
control the machinig process near the stability limit
in order to maximize the productivity. We will
present briefly the influence of each parameter.

As depicted in figure 4, the active lenght of the
cutting tool has a great influence over the the
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stability of the maching process. The chatter
amplitude exponentialy increases with the active
lenght of the cutting tool if over a limit value #,..

The value tlim which must be identify isn’t
constant for the entire workpiece. It depends of the
machine rigidity which is not constant over the
entrire work space, the workpiece rigidity and the
machining parameters affect this value.

Yo
my | STABLE

tfmm]

tim

Fig.4. Variation of chatter amplitude with the value
of the length of the active cutting edge

In figure 5 the variation of 7, with the feed rate is
showed. Often the feed rate do not have a
significative influence.

tlim A
[mm]
UNSTABLE
ZONE
STABLE
ZONE

s[mm/roﬁ

Fig.5. Variation of chatter amplitude with the value
of the length of the active cutting edge

tlim
UNSTABLE

tadm|

STABLE
ZONE

Iyl Iy I I
ViV VaVi' Vadm V2

Fig.6. Variation of chatter amplitude with the value
of the length of the active cutting

The dependency between the cutting speed

and t;, is complicated. Each dominant
characteristic = frequency  determines the
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existence of associate lobe in the diagram.
‘These characteristic frequency must be avoided
because the f;, parameter value is very low in
these circumstances.

In order to avoid the chatter appearance a model

must be build in order to predict for a certain
process parameter (cutting spoed, feed rate and
cutting lenght) if the process will be stable or not. In
order to model this dependency the machine will be
monitored during the entire batch processing. First
the input parameters for the algorithm running unit
that controls the trajectory will be set by default to
low values.
Then these parameters will be gradualy increased
and if chatter appears: firstly the tlim parameter is
deacresed by actuating the rotary tool assembly, the
feed rate and upon the cutting speed. A database will
record each situation encountered during maching,..
This datasct will be use for training a SVM
classifier that will be used for prediction of the
stability statc. Although other modeling techniques
are availibale [19]

SVM is a supervised learning technique used for
regression or classification. Several fields such as
medicine, cconomy and ecngincering, arc using
classitication techniques [17-18]. In many cases it is
necessary to discriminate the results or phenomenon
in two classes.

Usually, classification model is trained using
observation set S ={(x, ), (X, 3, ) (X,.3,)},
where X, € R™- arc vectors containing data used for
discrimination and y, € {—L+1} are the labels for
cach class. In our paper the x vectors will be
represented by the machning parameters. The labels
y; for each workpiece denote the fact that the process
is stable or not. After the model is trained, it can be
used for prediction by inputing a vector x into a
decision function D(x) where D: R™ —{-L+1}. A
linear classifier uses a hiperplane W-X+b =0
for separating the dataset in two classes where ‘- is
the dot product operator, w is the normal vector of
the hiperplane and b is a bias (Fig. 7). In this paper
we will input data in this decision function and we
will get an answer referring to the workpiece
assessment. SVM classifier determines the vectors
from each class with shortest distances from the
separation hiperplane. SVM classifier algorithm
determines the hiperplane parameters for which
these distances are maximized by defining two
margin hiperplanes:

wW-X+b=land
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w-X+b—-1.

Fig. 7. Linear classification using SVM

Ifw-X+b<—1 then y=-1,if w-X+5b21 then
y=+1. The decision function is :
D(x) = sign(w-X+b)
The algorithm solves the following optimization
problem:
- maximize the margin=2/| ”W" s

Subject to y, (W-x+h) >1 where i=1..n

The problem can be solved in its dual form:
S 1

s Y@ -2 ey 5%,
i=1 1L

subject to «, ZOandZylal =0. Where a terms
=)
are the dual representation of the weight vector

w= Z(llylxl , which is zero for all the vectors that
=1

are not located on the margins hiperplanes. 'lhe

vectors for which «, #0, are called support

vectors.

The soft margin method allows training data to
be mislabeled in order to have a hyperplane that
separates data which is linearly inseparable .This
method introduces using positive &; slack variables.
y,(w-x, +b)=21-& . The optimization problem
will be:

min W[ +C¥ e
=1
subject to y, (WX, +b)21-& .

The problem can be solved using the Lagrange
multipliers:

= 1
maxZa, ——Zalajylijl e

i=l [N

where C 2@, 20, and Zylal =0.

=1
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SVM classifier can also be used for non-linear
classification by using kernel functions. The
algorithm is similar with the linear version except
that the dot product used as a measure of similarity
is replaced with a nonlinear kernel function,

K(x,,x,)=¢(x,) ¢(x,), which computes the
scalar product in a feature space defined by the
transformation ¢(x). The dimension of the future
space can be very high or virtually infinite.
However, using the kemel trick the computation is
not done in the feature space. Typical kernel
functions are:

-polynomial: K(x,X )=(x, X, Y or
K(x,x,)=(x,-x, +1)*
-radial basis function:
-
K(x,x;)=e
“fps =]
2
K(x,x;}=e %

-sigmoid- K (X, X ;) = tanh(ax, - X, +¢) .

2
By H

sy >0,0r

Using a specific kernel function depends on the
dataset structure because the kernel function can be
considered as a measure of similarity between the
training set data. Each kernel function has a set of
parameters which must be properly chosen in order
to avoid over fitting. Also the parameter C must be
properly selected in order to minimize the prediction
error on a test dataset. For selecting the proper
parameters a grid search algorithm is used. For each
parameter a set of coarse values is supplied, and
then using k-fold cross validation method or leave
one out method each combination is evaluated.
These validation methods are used for dividing the
training data in two parts. One part will be used for
training the classifier and the other one for testing its
performance. In k-fold cross validation the testing
data is divided in k parts randomly. Each part will be
used for testing the algorithm trained with k-1 folds.
In leave one out method is a particular case of k-fold
cross validation, k is equal with n the number of
training instances. After that a fine search is
performed. In both cases the data is divided in
training data and test data.

In order to model the stability limit the stability
was determined using this relation:
A=v/ f. where f is the frequency with the highest
amplitude determined using Fourrier analysis, and v
is the cutting speed. By experiments we determined
that the system is unstable if A.in the midddle off its
A.=0.5...18mm . Based on

variation interval
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A.value the assesment of the stability is made. We
modeled the clasification problem using a RBF
kernel.. The kernel parameter and C parameter ware
determined using cross-validation. The SVM
accuracy was good over 90%.

For dimensional control we shall consider several
machining cycles which will produce several
workpieces. The machining surface will be divided
in several zones (I, I, I1I, IV in Fig. 8). Each zone
length is adopted so that the correction required is
constant over the entire zone.

Each work cycle will be divided in a number of
stages (figure 8) which are: measuring stages or
prediction and compensation stages for each zone in
which the part was divided.

During a measuring stage the variable values are
measured using sensors embedded on machine.
During a prediction stage only one variable, the
variable of interest, will be predicted and
compensated in order to null the deviation from the
programmed value, before its appearance in the
process. Finally for each variable of interest, a
measuring stage will be performed in order to record
the real value of the variable. A specific online
learning algorithm will be used for identifying the
model of the variable of interest. The dataset used
by the algorithm is composed by the variables
values recorded from the current workpiece until the
current stage and also for all previous workpieces.

Let us consider a simple workpiece which is
turned and tool path AB is divided in four zones (fig
8). In current moment the cutting tool machines the
zone II. During the process six variables V,..V5 are
monitored. All the variables are measured and some
of them (¥, V> and V) are predicted and then
compensated based on their predicted values. The
workeycle was divided in seven stages which three
are prediction and compensating stages and four are
measuring stages. For instance, stage 1 is a
measuring stage which consists in measuring 7 and
Vs variables. If for the current workpiece, the current
stage 1s a prediction and compensation one, the
variable of interest value would be predicted using a
specific online learning algorithm which use the
measured values during the current work cycle until
the current stage and all the records from the dataset
which contain the measured values for all the past
workeycles. For the case shown in Fig. 8, the current
stage is 4, the variable of interest is }/,, the variables
for which the values were already measured are 77,
Vs and Vs A model will be build using these
variables values and also using all the variables
values recorded for the previous workpieces.
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T 777777 O -current predicted
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Fig 8. Dataset filling and exploiting

3.3 The proposed online learning algorithm
The proposed algorithm consists in the following
steps:
* In the first step the normalization of the dataset is
performed. Also the time evolution of the system is
compensated. In practice the evolution of the
variables values is quite monotonous and slowly
varying with respect to the time period required for
the entire batch manufacturing. Thus a linear model
would fit properly the time evolution for the entire
dataset. In this linear model, the time variable will
be measured by the workpiece index number. The
model structure will be:

Vty=a,-1+b, (1)
where i denotes the order number of the variable,
V(1) is the evaluated value of the variable Vi(1), t is

the index number of the workpiece and g; and b, are
constants, specific for variable Vi. All the variables
will be compensated using the following formula:

V.=V, -V@) 2
where V,.(t) is the compensated value of the variable

Vi(y).

ISSN: 1991-8763

209

480

Raport in extenso pentru etapa unica 2008

Marinescu V., Constantin I. C.,
Epureanu A., Banu M. and Marin F. B.

1.Compensation of time system
evolution and variables
normalization

2. Selection of all variables
groups that could have causal
relation and which includes the
variable of interest

For each variable group:

3. A data subset should be
selected

4. Fitting a linear model over the
selected data subset.

5. Model performance
assessment over the data subset
members

6. Selection of the best model

and the variable of interest

prediction

7. Compensation of the
difference between the predicted
and necessary value for the
variable of interest

Fig. 9. The proposed online learning algorithm for
dimensional control.

A new dataset which will contain the time
compensated values for all the variables will be
filled.

« In the second step all the monitored variables will
be structured in all the possible combinations. Each
combination contains a group of variables which
always includes the variable of interest. These
variable groups represent all the possible causal
relations. For instance, in the example presented in
Fig. 8, the variable of interest 7> could be modeled
only using the measured in current workcycle
variables V3(n), Vs(n) and Vi(n). This is why the
causal relation can appear on one of the following
groups:

(VaVs), (Va-Vs), (Va-Ve), (V-V3 Vs), (Va-Vs, V), (V-
Vs Vo), (Vo= V3, V5, V)

* In the third step for each variables group a data
subset will be filled by selecting from the entire
dataset only the data corresponding to a number of &
workpieces. These & workpieces will be selected so
their Euclidian distance to current workpiece,
corresponding to the selected variables group, taking
in account only the selected group’s variables,
would have the smaller values.

* In the fourth step for each data subset a linear
model is fitted. This model should have as variables
only those contained in this variables group. The
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cocfticients of the lincar model arc computed using
least square criterion.

+ The next step implies the evaluation of each
model. This evaluation is based on the deviation for
each value of interest from the selected subset.

¢ In the sixth step the best linear model for fitting
the causal relation between the variable of interest
and the rest of monitored variables is selected. The
model is the one for which the standard deviation of
the variable of interest values is the lowest.

+ The final step consists in the compensation action.
The difference between the predicted value and the
programmed value of the variables of interest is
compensated.

3.3 Numerical simulation
results

The proposed control method for dimensional
aspect was applied on artificial data and on data
obtained from batch manufacturing in laboratory
conditions. The obtained results were compared with
the results obtained by using ANN models and best
NN model facility.

and physical

Results obtained by simulation with artificial data

For a small number of previous manufactured
workpieces best NNmodel did not identified the
corract causal relation,

For a larger number of previous manufactured
workpieces best NNmodel did identity the correct
causal relation but the prognosis performance was
low.

The proposed algorithm identified the correct
causal relation in all the cases and the variable of
interest was predicted with a average of 10% error.
Results obtained by data obtained from batch
manufacturing in laboratory conditions

The physical simulations consisted in straight
turning ol a batch of 81 workpicces having the shape
shown in Fig. 11.

z5 za Z3 z2 b4l

=

10

70
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Fig 10. The blank used for simulation

During the machining several variables were
monitored: cutting force, temperature of the cutting
tool, power consumption in cutting process.

By applying the proposed algorithm, the average
value of the workpiece errors decreased with more
then a size range and the standard deviation
decreased with 38%.

4 Conclusions

The research shown in this article pointed out the
following conclusions:
« the proposed CNC structure permits integrates the
error compensation algorithm and process stability
will improve the RMT control
ethe proposed procedure for chatter preventive
control which is using SVM for stability evaluation
is suitable for process control. The results of using
this control structure with the stability preventive
control were that the productivity increased.
« taking in account the time evolution of the system
behavior, both with respect to the causal relations
between the state variables and to the parameter
values of the model, is important because it
significantly increase the overall (dimensional)
control performance,
¢ the proposed algorithm for dimensional control
works well for all the batch workpieces even for the
tirst machined workpicees,
« the reduced running time required by the algorithm
allows its use for online correction,
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Abstract: - This paper presents a new programming approach based on a proposed hardware and control
architecture for the reconfigurable manufacturing tool machine. A new CAM is described based on virtual
machining algorithm that optimizes feedrate scheduling based on geometric simulation and aims to improve
the efficiency of cutting process developed using a reconfigurable machine, configured as lathe with a specific
architecture. A searching procedure is proposed to find the parameter values corresponding to cutter locations
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1 Introduction

Nowadays, companies building manufacturing
machines must face fast changes happening on
technical, commercial and economical fields. These
emerging evolutions are the following:
- economy globalization, with the consequence the
emphasis of competition;
- individualization of needs, what means products
customization;
- capital dynamization, generating high requirements
concerning investment efficiency;
- high versatility of small companies, for fast
adaptation to market. At the time, the companies
responses to these changes are based on the idea of
extending some of the attributes of classic
manufacturing system to define reconfigurability.
Whereas Dedicated Manufacturing Systems (DMSs)
have been designed to produce a specific part and
Flexible Manufacturing Systems (FMSs) are
designed to accommodate a large variety of parts
even though the parts are not specified at the system
design stage, the Reconfigurable Manufacturing
Systems (RMSs) combines the advantages of DMS
and FMS providing an suitable solution[1][2]. It is
defined the new peculiar manufacturing system,
reconfigurable manufacturing system, using six key
characteristics: #) universatility, if) convertibility; i#)
integrability; iv) scalability, v) diagnosability; vi)
customisation. These systems are designed to adapt
manufacturing to mixed products and volumes. The
reconfigurable machine is conceived with standard
and inter-operable components including actuated
modules, fixtures and tools to be assembled into the
machine with arbitrary architecture and degrees of
freedom. The informations describing modules and
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tools are stored in the machine database, for
instance, the shape of the tools and the modules
geometry.

The reconfigurable “plug-and-play” machine
kinematics and dynamic modeling algorithms need
to be developed. These algorithms are the basis for
the control and simulation of reconfigurable
manufacturing system. The concept of machine
configuration optimization is introduced for the
effective use of the rapidly reconfigurable machine.
The issues involved in the reconfiguration process
are represented by
- hardware modules reconfiguration
- software reconfigurability (both programming

and control)
Examples of physical configurations (hardware
reconfiguration) include building a new machine
using the hardware modules. So far that concerns
software reconfigurability is a must have to develop
architectures and techniques to provide short ramp-
up time. Control design determines appropriate
process variables (modules displacements and
velocities etc.), so that a configuration can be
operated to fulfill the task. The concepts of the
control paradigms, such as holonic manufacturing,
bionic manufacturing, fractal companies, are
proposed for the next-generation manufacturing
systems. So far that concern the control concept, it
was proposed [15] a software architecture based on
a combination of object-oriented models and
executable formal specifications. In this architecture,
the machine control software is viewed as an
integration of a set of reusable software components,
each modeled with a set of event-based external
interfaces for functional definitions, a control logic

Issue 5, Volume 3, May 2008



Proiectul ID_653-231/1.10.2007

WSEAS TRANSACTIONS on SYSTEMS and CONTROL

driver for execution of behavioral specifications, and
a set of service protocols for platform adaptation.
The behaviors of the entire software can be viewed
as an integration of behaviors of components and
their integration.

The needs for interoperation of modules from
different vendors and for flexible configuration of
various functions are challenges to NC systems. In
response to such challenges, various efforts have
been made, such as Open Modular Architecture
Controllers (OMAC) [11], Open  System
Architecture for Controls within  Automation
Systems (OSACA) in Europe [12], Open System
Environment for Controllers (OSEC), Hierarchical
Open  Architecture Multi-processor for CNC
(HOAM-CNC), Open Architecture Controller
(UMOAC) by University of Michigan, Ann Arbor,
USA ete. The common approach employed in these
efforts is the adoption of an open, modular
architecture to promote interoperation [13].

The nowadays CNC control system 1is
inappropriate to consider as basis for the control of
RMTs. Existing CNC systems support only CNC
builder-specific NC program input and this limits
the potential application of many NC programs that
have the same functions with different formats
varying one machine to another[6][7][8]. In the case
of the RMT, where there is a wide range of
configurations, using nowadays programming
standards will be time consuming. Because of the
issues of software reconfiguration the ramp-up time
is considerable, as
However, so far that concerns programming of RMS
there is no reference.

In nowadays CNC systems, the NC program
processor is a very important component that
determines the accurate resolving of machining
intention generated from a CAM system [1]. The
major functions of CNC processor include checking
the syntax and decoding them into specific outputs
such as motion command, PLC command,
parameter setting, or error messages.

There have been three basic standards: RS274D
(USA), ISO6983 (ISO) and DIN66025 (Europe) for
NC program since CNC was invented. However,
new RMT machine tool and control technology have
undergone great development since then. Even for
today’s CNC there are a lot of new functions needed
and controller-specific features not supported by
these NC standards.

Also there is the issue of coding free-form
surfaces using nowadays CNC programming
languages, as these surfaces are used in a variety of
applications. The conventional approach for surface
machining is to use a series of straight lines to
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approximate the part surface. These straight lines are
subsequently translated into linear G codes by the
computed-aided machining (CAM) software, and
then sent to the computer numerical control (CNC)
system. For a general free-form surface or
parametric surface machining, this method is
inefficient and error-prone. The conversion of
surfaces into linear segments produces a large
amount of data, which usually cause a lot of
problems, such as lower feedrate, and longer data
storage requirements [ 14].

Also, feedrate optimization problems are the

subject to several possible constraints, building the
framework for generating model. Firstly, the
common restriction used in feedrate scheduling is
constant material removal rate (MRR), [3]. In the
MRR based approach, feedrate is dependent to
either average or instantaneous volumetric removal
rate. Secondly, the restriction is based on the process
mechanics [4]. In this case the force-based models,
feedrate is set to values which keep either average or
instantaneous machining forces to prescribed values.
These models computes either MRR or force values
as a minimum allowable values, and are maintained
at a constant level during processing.
The disadvantages of keeping at allowable level are
in the first place, the efficiency is lowered and
secondly, the optimization is incomplete performed,
as it does not take into account several variables in
the process such as chip width (determining risk of
chatter), roughness or thickness (determining force
overloading).

Commonly used CAM programs and NC code
generators are based on geometric and volumetric
analysis, but they do not concern the current blank
surface shape to be processed CAM software
considers only the nominal dimensions inputted
from CAD model [5] [6] [7].

Also planning the isoparametric tool path it is
addressed to considerable long paths (due to the G-
code limitation and the nowadays machine control
system architecture) and not for adjacent cutter
location resolution.

It is critical, but often difficult, to select optimal
cutting conditions to achieve high productivity while
maintaining high quality of parts.

Generating the optimal cutting conditions
scheduling, described by NC programs, to produce
the required geometry involves determination of the
optimal cutter paths and machining parameters. The
common practice is to set machining parameters
such as feedrate, to constant value for the number of
cutter paths, using machinability handbooks and
experience of skilled machinist. The selected
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parameters are often so excessive limited that
efficiency is very low for the machining process.

In this paper it is proposed a new programming
approach based on a proposed hardware and control
architecture for the reconfigurable manufacturing
tool machine. A new CAM is described based on
virtual machining algorithm that optimizes feedrate
scheduling based on geometric simulation and aims
to improve the efficiency of cutting process
developed using a reconfigurable machine,
configured as lathe with a specific architecture.
Also, a searching algorithm is proposed to find the
parameter incremental values of all cutter locations
along tool path for the generation of final surface.
The proposed algorithm includes the following two
main steps: evaluating blank real surface shape and
searching for adjacent non-isoparametric cutter
locations, in the conditions to meet the the
restrictions.

The algorithm shall be embedded in a virtual
machining system that optimizes machining process,
based on geometric simulation, to improve the
process efficiency, under the assumption of
reconfigurable machines architecture.

Besides the efficient cutting condition scheduling
goal, there is the advantage by using such virtual
machining system, represented by the optimized
choosing of the tool for a specific operation and a
specific blank. The example given is taking into
account a reconfigurable machine configured as a
lathe. However, the algorithm may be extended to
all cutting processing.

Paper has the following structure: section 2
present the problem formulation, section 3 contains
the problem solution and section 4 summarizes the
main conclusions achieved.

2 Problem Formulation
2.1 Variables and terms definition

We formulate the problem of optimizing the
values of cutting processing to improve its
efficiency. We consider to be addressed to a RMT
configured as lathe with a specific architecture.

In order to define the problem, the issues
involved and determine a solution, we need to define
several variables according to our approach.

As shown in Fig.1, the insert cutting edge profile
is divided defining remarkable (m) points; when we
addressing to a current remarkable point on the
cutting edge as j point. Similarly as depicted in Fig.2
the workpiece profile is divided in remarkable n
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points and we referring to a current remarkable point
on the workpiece profile as i point.

Current cutter location is described by (i,j) pair;

while i, is defining the current cutter location, j is
current cutter profile. Another variable in our
optimization program is the variable k, which is the
indexing variable for (7,j) pair.
As described below, the reconfigurable machine is
configured as lathe with an additional degree of
freedom represented by rotation of the tool
assembly, with an ¢ angle, variable that determines j
cutter profile.

Our search algorithm is using as reference
calculation the previous cutter location (k-1), as in
Fig.2, representing the last selected cutter location.
Consequently, every k position is associated with the
o(k), Z(k) and X (k) variable values.

In the proposed search optimization algorithm we
use current L variable value defining the length
{P,Q} which is the length of active cutting edge, as
seen in Fig.2.

Cutting edge
profile

@,

@ o(m-1)
M S (m)

Insert
shape

Fig.1 Insert

According to our approach there are several data
to be used as input data:

Firstly, workpiece profile and cutting edge

profile is inputted from CAD model, as we assume
that all tool modules are described in the database
stored in the reconfigurable machine information
system.
Secondly, the blank profile is determined by on-
machine measurement. Thirdly, it is inputted the
restricted variables: allowable force -Fa, allowable L
—La (the length of cutting active edge as shown in
Fig.2 represented by PQ length), allowable chip
thickness - aa ( chip thickness), allowable roughness
—Ra.
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Fig.2 Current and previous cutter locations

2.2 Reconfigurable lathe description

For a better understanding, the reconfigurable

lathe hardware configuration and the control system
is described bellow.
Our proposed architecture for the reconfigurable
lathe is composed of virtual processing planning
system, machining database, and “plug-and-play”
hardware modules.

The reconfigurable lathe considered is build out
of four independent modules, numerical controlled,
with independent sensor and motors. These modules
are main spindle, carriage, and the rotary tool
assembly. The reconfigurable lathe, configured for
cutting of longitudinal profiles, as shown in the
picture, is made of the following parts: bed 1, main
spindle 2, workpiece 3, cutting tool 4, tool holder 5,
carriage 6, rotary tool assembly 7, cross-slide 8,
slideway 9. Having a supplementary degree of
freedom represented by rotation of cutting tool it is
an advantage for tool to positioning, and using
interpolation for x and z axis and the rotation of the
tool it can be achieved peculiar surface processing.
Using a configuration with rotary assembly tool
parallel with the axel of the spindle, it can be
processed surfaces such as poliexcentric revolution
surfaces, complex surfaces or cams. The hardware
modules (main spindle, tool holder, etc) are design
as “plug and play” and are controlled directly using
optimal control variable, by-passing the post
processing phase of G-code generation. The control
of the modules it is performed by sending
simultaneously successive
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position of controlled variables X(k), Z(k), 0 (k) and
(k) computed from (7,j) pair.

Part surface generation it is performed by moving
tool profile along helicoidally generating path,
obtained by combining revolution of the part and the
translation of the tool. The trajectory of the
helicoidally path it is divided, as described above,
by coordinates computing of a many successive (7,j)
pair points to control motors that performs
movement actions of the machine.

2.3 Problem statement

Our objective is to determine (7,j) pair under the
criteria objective of maximizing locally chip area.

While the search criteria in the MRR and force
model are the MRR and the force respectively, in
our approach the search criterion is the locally
maximized chip area.

In the above two approaches the variable for
controlling the process is the feedrate, whereas we
are using two distinct variables, cutter location CL
(or federate) and cutter profile (CP). The cutter
profile variable is the additional freedom degree
determined by rotary tool assembly.

Concerning the restrictions, in the case of MRR
model, is the chip area which is set to a minimum
allowable (A<Aa), and in the case of force model,
the restriction is the force (F<Fa). Our approach
defines four restrictions: (Aa>A(ij), Ra>R(ij),
aa>a(i,j), La>L(ij).

The search technique used in our approach is
exhaustive search by virtual machining.

Online control such as used in force model, need
monitoring hardware; the proposed optimizing
method needs a measurement system, which is
performing every blank exploring.
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3 Problem Solution

In order to program the RMT under the above stated
conditions we need to state several key ideas to
define our proposed RMT control:

-adaptive

- online

- optimal

- self-programming

The part-program should comprise information
regarding the characteristics imposed on the
manufactured object in order to be considered
acceptable, and not information on the way in which
the functioning cycle of the machine should develop

Operation Technological
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so that the object may have these characteristics —
This means that the part-program should contain a
list of targets and not a list of instructions. Starting
from the targets included in the part-program, its
structure of the machine should allow for
negotiation of the plan design, plan analysis and
plan proper execution. The part-program shall be
very simple as it will contain only the targets written
in a high-level language. Consequently the machine
programming time shall be much shorter, which is
crucial in case of small batch production.

programming parameters
A\
CAD CAM \ G-CODE Industrial
\ A s
< N l
Programmer

b r Controller

\ 4
Motc1r axis F Motozr axis Motoraxisn F
Sensor [ Sensor ) Sensor )
M 1 M2 Mn
D — | —

Sensor F
1

A

Sensor ‘\

2
|

n

Sensor E
-

Fig.4 CNC control hardware architecture

For instance in Fig.4 it is described nowadays CNC
conceptual control architecture. Traditionally, CAM
has been considered as an NC programming tool
used to generate CNC code to drive numerical
controlled machine tools. Most of current numerical
control (NC) systems adopt an architecture as
described in Fig.4 A computer system, which is
usually a general-purpose personal computer (PC) or
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another kind of a computer, is chosen as the NC core
system platform, where human machine interaction
or interface (HMI), NC code editing and decoding
functions are implemented. Functions such as
interpolation and control, cutter radius
compensation, general 1/O (or logic control), servo
control, etc., are implemented in several auxiliary
controllers (such as PLCs — Programmable Logic
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Controller). Consequently, the controllers are
managing commands to servo drives to control
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motors and read data from sensors.

Operation CSV list
programming
cap 1 CAM Ind:?:trlal
Programmer / Module ‘

Data communication bus

Hardware
module

L

'y

Controller ‘<

Module 3

Motor 3 | | ~ Sensors ‘

Module 2 ‘

Module 3 ‘ ‘

Fig. 5 Proposed RMT control hardware architecture

Our approach considers a bus able to handle
communication for all modules. Compared to
today’s fieldbus architecture the hardware modules
have close-loops control represented by an
integrated controller able to communicate with
industrial computer. The information send to
hardware module is the required position only. Also,
if a hardware module has specific sensors besides
position control of its movement, these are to be
handled by the integrated controller on the hardware
module. Compared to nowadays CNC architecture,
CAM is not providing source code to be interpreted
and executed by machine, but an algorithm
calculated with nominal values. Whereas modern
CNC CAM software outputs source code describing
geometric path, and none or few information
concerning  technological — parameters(such  as
federate), our approach is providing the advantage
of providing the values for technological description
of the process. Therefore our CAM is adaptive and
consequently we name it Adaptive-CAM (A-
CAM).The algorithm computed in the A-CAM it is
also computed in Algorithm running unit (ARU).
The CAM running in process design phase is virtual
machining considering nominal values.
Consequently, the ARU running on the machine is
running with measured values, which are
continuously updated and computed. As shown in
Fig.5 and Fig.6 it is inputted in the A-CAM the
following information: CAD models of required
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part, CAD model of the rough part, technical
requirements of the finished part (such as tolerance
range and roughness), operation description, and
rough part material description (such as material
hardness).

As depicted in Fig.7 modern CNC machine
programming architecture is considering the
following data flow. A CAD program is used for
workpiece design. Based on the workpiece
specification process planning is then performed
using a CAPP (Computer Aided Process Planning)
software package. Then, using a manufacturing
process plan as input the part program is generated
by CAM software. The CNC process this program
and the result is the finished workpiece. No
correction is performed during the machine running.
In our proposed architecture Online Learning
System is providing the parameter correction
computed during process. This is not subject to the
current paper. Also the stability of the process is not
taken in account. Only the stability of each axis is
assured during the machine setup by setting
choosing a set of parameters.

The basic idea which is based our approach is
that the programmer is inputting “the required part”,
“part to be processed” and “the requirements of
finished part”. The A-CAM distinctive software
modules, is running in the design phase (A-CAM)
considering nominal parameters (Fig.7). A CAE
program is used to test current kinematical
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configuration. However this is not subject of our module. According to us CSV data list is the part-
paper. ARU, which is basically an extension of A- program which is generated online and is taking into
CAM, is outputting Continuous State Variable List account the current part to be processed.
data set representing the offset moving for each

I
TCSV data set(part-program)
Machine Algorithm Running Unit (ARU)

Machine

<
A S
3
Nominal value of control algorithm Parameters value corrections 8§
parameters for the current batch
1
A-CAM (Adaptive CAM) s
3
CAD models Technical Q
of finished | requirments of} Operation Rough part
partand of | finished part | ol ions matertal
rough part (Roughness, description
tolerances,
etc)
Programmer
Fig. 6 A-CAM proposed architecture
CNC machine programming
Manufacturing
Part Commands
process Finished
design plan Modular ‘r;:ne
CAD —» CAPP —» CAM —— CNC —» hardware — >
. structure
Design Planning Programming
A
Tool offset
Engineering i
Operation
' :
Process Rough part
programming
Pai and model
design control " Modular Finished
Adaptive Algon.thm odulal ait
CAD — CAPP CAM running — hardware ———
unit structure
Updated
Constant - Sensors
CAE Algorithm Online data
Yalyes learning

system
Reconfigurable machine programming
Fig.7 Proposed RMT programming

The programming and control architecture proposed
is allowing commanding to the hardware modules
optimized trajectory.

The main idea of the optimization algorithm is that,
starting with the current i point on the profile part
generated by j point on the tool, it is searched the
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next i cutter location and the next cutter profile j
coordinate point, taking into account the restrictions
defined by restricted variables (Aij<Aa, Lij<La,
ajj<aa, Rij<R, with the maximum chip area, in order
to maximize productivity.

For generation of certain i point on the workpiece
profile, the tool must be positioned tangent to this
profile in aj point.

For this current cutter position, it is computed the
values of controlled variables Aij, Lij, aij, Rij.
Afterwards it is tested restrictions conditions
Aij<Aa, Lij<La, aij<aa, Rij<R and also of it is
satisfied restriction that j point is on the active
cutting edge. The results of the testing are
consequently stored.

Fig.8 depictures the generation sequence for final
surface, using optimization algorithm. For instance,
the point /=21 on the workpiece profile and point
j=16 on the cutting profile describes the starting
point for the searching of next point for an 360
revolution (pair (21,16) is the previous cutter
location).

To achieve this, it is tested one at a time tool
position for /=22 and the points that verify
restrictions are stored. The searching it is finalized
when it is found a point in the final surface profile,
with all points on the tool profile, tangent, that do
not verifies conditions. Points i=25 and j=15 is the
pair points for which chip area is maximized for the
given points. It is considered that the new 7 point, in
this case, i=25 is the correct cutter location and the
search algorithm is continued searching the next
point referred to the last (7,j) pair location.

Workpiece rotation axel
6(k) p

©

Workpiece
profile

Q X
Y Chip area A(25/15) //
& e e Blank
24115| 23116 ‘ profile
2515
2216

2116
Fig.8 An example for search loop
Trajectory from point /=21, j=16, to point i=25,
j=15, it is described by the points i=22,23,24,
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dividing the propeller resulted from one revolution,
in four intermediary steps, with coordinate X, Z and
AB. All intermediary (i,j) pair coordinates are stored
with their restricted variables.

In sort, as shown in Fig.8, the proposed algorithm
contains the following steps:
Preparatory steps
1) workpiece and tool CAD model are inputted in
the optimizing system;
2) the blank profile is measured on the machine;
3) the restricted variables values are inputted in the
virtual manufacturing program
Scheduling optimizing steps
4) the tool profile it is positioned tangent with the
final profile, successively in all points on the tool.
5) it is computed the restriction conditions for all
positions and its characteristics,
3) when all conditions are denied, then it is selected
an intermediary position with maximum area,
4) the algorithm it is repeated starting with 1) until
the tool reaches the end of the profile.
5) the software output are the (7,j) pair coordinates
6) processing cinematic configuration of the lathe by
intermediary of the (i,j) pair coordinates there is
obtained the controlled variables values - X(k), Z(k),
0(k) and o(k) - to be send to the modules by ARU.

Workpiece and tool
Blank profile measurement
CAD model
Workpiece profile and Updated blank
cutting edge profile profile

v
Limit values of the restricted variables:

Fmax, Rzmax, Lmax,amax

v
Positioning the tool to the first point
of the workpiece profile

v

Positioning the cutting edge to

the next point (i) on workpiece <
profile

.
Restrictions verifying
forall m points of the cutting
edge

Select current cutter location
(k), according to maximum
chip area criterion

Adjacent cutter locations selection loop is
performed along workpiece profile

Cutter location dataset (k)
Cutter profile dataset ()

v
Lathe kinematic model

Control variables dataset
X(K), Z(K), P(K),® (K)

Reconfigurable lathe

Fig.9 Algorithm basic steps

Issue 5, Volume 3, May 2008



Proiectul ID_653-231/1.10.2007

WSEAS TRANSACTIONS on SYSTEMS and CONTROL

Algorithm testing was performed using the

software developed in this research.
It is important to note that the experimental tests
shown in the Fig.10 was executed using arbitrary
scale and on few sequences, for an acceptable
picture accuracy.

The histogram is given bellow to demonstrate the
performances of the algorithm. As shown in Fig.11,
a) image is representing the successive position of
the cutting edge using our algorithm and lathe
architecture, whereas in b) image it was simulated
constant MRR based approach with classical lathe
architecture.

The yellow and green area depicts the cutting
tool successive position.

It was noticed an average efficiency
improvement up to 20%, resulting a higher cutting
productivity. Compared with the classical case, the
additional freedom degree represented by rotary tool
assembly is the cause for the increased productivity.
Secondly, the computation of all four restrictions,
instead of one or two, assures that the process is
correctly performed according to the specifications.

As seen in Fig.7, when the process is based on
MRR  approach, and there is no limitation
concerning the length of the edge, it is possible to
emerge a situation could cause instable process
because of the vibration.

Furthermore, there is the possibility to undermine
the roughness or chip width allowable values.

a) Proposed algorithm sequences -F,L,a,R restricted

b) MRR based algorithm sequences
FandR restricted
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¢) MRR based algorithm
F only restricted
Fig.10 Graphical representation of the culler
location and culler profile during virlual machining

In the Fig.7 it is shown a histogram representing
the situation seen in Fig .6, ¢ showing the roughness,
chip width and cutting edge length variations for
each cutter location, to evaluate the necessities of
more than one or two restrictions.

Since a and R values are greater than the
allowable value for the given example, see Fig.7 a)
and b) respectively, all tour variables arc required
for the establishment of feedrate scheduling. It can
be stated that is compulsory requirement for using
more than one restriction, in terms of stability
process and control.

Level

EEEE BT

Allowable
= | Level

‘ c) I,{twllghness varialion
Fig.11 Hislograms showing undermining allowable
levels
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4 Conclusion

Compared with the classical case, the additional
degree of freedom represented by rotary tool
assembly, is determining a 20% productivity
increase.

The computation of all four restrictions instead of
one or two, assure that the process is correctly
performed according to the specifications, and the
processing parameters are in the allowable range.
The proposed control concept proofing was aimed
by wvirtual simulation by processing cinematic
configuration of the lathe by intermediary of
controlled variables values ( X(k), Z(k), 8(k) and
afk) ) to be send to the modules during optimized
virtual processing. We conclude the new A-CAM
proposed is a viable option for RMT programming
and it can be implemented physically.

Several topics remain to be studied in the future:
-firstly, methodologies to rapidly refine the control
reconfiguration  describing  current  machine
architecture in order to accurately identify hardware
modules.

-secondly, it is challenge to design controller
embedded in hardware modules to meet RMT
requirements.
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Method for Online Identification of the Dimensional Deviation -
State Variables Relation Applied to Manufacturing Machines
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Vasile MARINESCU, Mihaela BANU, Florin Bogdan MARIN
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ABSTRACT

In this work a new method for online identification of the relation between
the dimensional deviation and the cutting force, with the object of building
a mathematical model to be used for online compensation of the
dimensional error. The key idea is to identify this relation separately for
each one of the two generating curves (the generatrix and the directrix)
using the SVM regression technique. The resulting mathematical model can
be used in order to predict the values for the dimensional deviation based
on the current position of the tool and on the measured values of the
cutting force. The identification method was tested for an entire batch of
turned workpieces. The results showed that by using the proposed method
the machining error can be reduced by 2,5 times.

Keywords: machining system identification, SVM regression, dimensional

error compensation, surface generatrix and directrix.

1. Introduction

Dimensional deviation depends on a set of state
variables of the manufacturing systems.
Identifying the model of dimensional deviation
is a difficult task because of the diversity of the
state  variables  nature: cutting  forces,
temperature field and tool position. Because of
the diverse nature of the state variables often, a
sensor fusion system is required. The
identification process must be rapid in order to
generate a model to be used for dimensional
error compensation. The workpieces resulted
from the manufacturing process must be
measured using a measuring system that can
transmit data back to the control system of the
machine tool. A better approach is to use
measuring system built in the machine. “On
machine measurement” is not a new concept.
Cho [1] proposed a dimensional error
compensation system equipped with an OMM
system. The system modeled the dimensional

deviation based only on the process parameters
using a polynomial neural network.

The identification of the dimensional
dimension was also used for predictive control
by the researchers for NIST. They developed a
method for compensating the errors based on
intermittent inspection [2]. The error model was
based on spline functions.

Fung developed a predictive system [3]
that uses on machine measurement system for
predictive control of dimensional deviations.
The system uses the measured values of the
cutting forces and the measured dimension of

the semi finished in order to predict the
dimensional deviation using ARMAX and
NARMAX models.

Similar predictive systems were also
proposed in [4, 5, 6]

All these approaches have a main

drawback: the generation process is not taken in
account.

In this paper a new concept is proposed
identification of the relation between the
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each of the
manufacturing

dimensional deviation across
generating curves and the
process state variables.

2. Problem formulation

If we consider a manufacturing batch consisting
in several workpieces, the dimensional
deviation differs for each workpiece. This
inconsistency is caused by the dimensional,
geometric and  material  inconsistencies.
Moreover, the machining system behavior is
changing in time, implying another variation of
the dimensional deviation. The slow evolution
in time and space of the dimensional deviation
can be compensated by frequent modification of
the compensation value. The rapid evolution of
the can be compensated by using a control loop.
Based on these observations a solution to the
dimensional deviation compensation arises.
This solution implies the online identification
of the relation between the dimensional
deviation and the state variables which are
changing in time, associated with an adaptive
control loop for correction control. Practically,
it can be seen that the dimensional deviation
evolution by the direction of the generatrix (the
profile of revolution surface) is slow varying in
time, whereas the evolution by the direction of
the directrix (workpiece rotation) is more rapid.

3. The experimental stand

With a view to development of a method for
prediction and online compensation of the
dimensional deviations an experimental stand
was used. This stand consisted in an
experimental lathe equipped with a numerical
control system. The control system was
connected by an Ethernet network to a data
acquisition system. From the machine control
system, the data acquisition system acquires
data regarding the machine axis position.

Monitoring
software
Programming
terminal Spider 8 data
acquisition
I system
Machine || Monitoring
control Controler
[}
+
Speed | |Speed||Speed Force and
drive || drive || drive vibration
Cc z X CanOpen transcducer
@ On machine
ensor fusion measurement
Systom
Lathe
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Fig. 1. The experimental stand structure

Strain gauges were fixed on the tool in
order to measure the cutting force components.
In order to measure the cutting force using
strain gauges a data acquisition system type
Spider 8 produced by Hottinger Baldwin
Messtechnik GmbH. Also in order monitor the
lathe motor speed drives parameter,s a second
controller was used. This controller is a
CanOpen master controller which can
communicate with the speed drives which are
CanOpen slaves. The master controller
acquires from each slave the following
parameters: motor current, torque, supplied
power, energy absorbed. Also this controller is
connected to a measuring system (on machine
measuring function).

After each workpiece was manufactured, its
dimension was measured using two length
gauges manufactured by Heidenhain. The
resolution of these length gauges was 1um and
their accuracy was = lpm. The length gauges
were placed in contact with the workpiece and
then moved across the workpice length. The
spindle was rotated with 30 revolution per
minute.

The following state variables
measured and their values were recorded:

- two of the force components, namely Fx
and Fz

- the current and the energy absorbed by
the lathe motors,

- the tool
operation,

- the measured diameter of the worpieces.

were

coordinates during the

4. The experimental program

A batch of 40 workpieces was processed. Each
workpiece surface was divided in 7 zones with
the length of 8mm. For each zone a conic
surface was turned. The shape and the
dimension of the workpieces and of the semi
finished is presented in figure 2.
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|
|
!
]
|
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Fig. 2 - The seminished and workpieces processed

Data was recorded during the
manufacturing and measuring process and then
analyzed. The main aspect of the analysis was
to determine the dependencies between the
dimensional deviation and the state variables.
The evolution of the dimensional deviation in
respect with cutting force, the spindle motor
absorbed current and the spindle torque or an
workpiece is represented in figure 3.

2 =

Dimensional deviation
===Programmed transversal coordinate X
Fz force component

X coordinate

Dimensional deviation, Fz force component,

0 3 & 9 12 15
t [s]

Dimensional deviation, Spindle motor torque,

e
1
=
gz
-
3]
2 .
2 4 = i
e RIITITN Dimensional deviation ;
Spindle motor torgue :
4 ===Programmed transversal coordinate X |:
0 3 6 8 12 15

t[s]
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-------- Dimensional deviation
===Programmed transversal coordinate X
Spindle motor current
0 3 6 9 12 15
t[s]

Fig.3 —The dependecies betwen the dimensional
deviation and force, C motor current and C
motor torque

In order to graphically analyze the
dependency between the state variables and the
dimensional deviation, cach state variable was
normalized using this transformation:

m' (t) = m(t)—m

X coordinate

Dimensional deviation, Spindle motor current,

m

where m(t) represent the variable at ¢ time, m
and O, represents the variable average value and

respectively, the variable standard deviation over the
entire workpiece manufacturing process. After this
transformation each state variable will have the
average value equal to 0 and standard deviation equal
to 1. For this reason the variables shown in figure 3
don’t have associated units.

From this figure it can be seen that the
dimensional deviation is well correlated with the state
variables associated with the spindle motor, but the
force is a better indicator.

5. The prognosis of the dimensional
deviation

The problem of dimensional deviation
prognosis can be dived in two sub problems:
-the problem of the dimensional deviation in
respect with the directrix programmed profile,
-the problem of the dimensional deviation in
respect with the generatrix programmed profile.
By analyzing the data referring to the
dimensional deviation and force over time we
can determine that both this signals present an
harmonic component. Using Fourier analysis
(FFT algorithm) we determined the frequencies
or each component. The frequency of the
harmonic component with the highest amplitude
was 15 Hz force and 0,5 Hz for the dimensional
deviation. The dominant frequency of force
signal is caused by fixing error of the semi
finished, it corresponds to the spindle number
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of revolution per minute 800
rpm=800/60=15Hz. The dominant frequency for
dimensional deviation was about 0.5 Hz which
also corresponds to the spindle number of

revolution  during the measuring stage
30rpm=30/60=0,5Hz. The amplitudes values
differ from each workpiece this ratio is

dependent with the excentricty of the workpice.
This error component corresponds to the
dimensional deviation across the directrix
direction. In order to analyze the component of
the dimensional deviation across the generatrix
the directrix component must be removed.

We consider the first workpiece of the
batch. This workpiece will be used in order to
determine in a first phase the dimensional
dependencies between the force value and the
dimensional deviation. In order to do this, the
first workpiece will be considered as a test
workpiece. The machining allowance for this
first workpiece will divided in two parts, the
first part will be used for the test, while the last
part will be used for finishing the part. The test
workcycle result will be the same shape but
slightly larger.

During the workcycle the time evolution
of the cutting force, of the dimensional
deviation in respect with the Z axis coordinate
of the lathe

In figure 3 it can be seen that the
dimensional deviation evolution is different for
different parts of the workpiece characterized
by different conicities. Also the rigidity of the
technological system is different across the Z
axis. Given these observations we modeled the
dimensional deviation and the cutting force
using Support Vector Machine regression
technique in relation with the Z coordinate.

Support Vector Machine was developed
at AT&T Bell laboratory by Vapnik and co-
workers [7, 8]. Initially this technique was used
for classification problems. The technique was
used with great success in practice to solve
difficult task such as optical character
recognition, face recognition, spam detection,
genetic research. The first technique for
regression was also developed by Vapnik [9]
and was called &-SV. Suppose that after we
monitor a process we have a dataset composed
by pairs of values

{(xl,yl),...(xn,yn)}c;(xR. 7y defines the
space of the input variable (the input variable is a
vector x;) and could be for instance R" if the
dimension of input variable is n. The variable
that will be predicted is y. Initially the
algorithm is trained using data obtained from
monitoring stage. The purpose to determine a
function f{x) that would approximate the target
outputs y; with a maximum deviation equal with
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¢ and also the function must be as flat as
possible. In linear case of the problem the
function was this form:

f(x)=<w,x>+b, with we y,beR.
The objective is to find the proper

parameters w, b in order to keep the empirical
loss function defined as:

R,,,(w,b) = |y - (w,x} - b|

bellow a fixed value €.
This is equivalent to
optimization problem:

solve this

T Y
- Mminimize —||‘/\/‘||
2

Vi _<Waxi>_b s¢
- subject to
<w,xi>+b—y,. <¢

A function that could meet all this
conditions does not always exists, so in order to
find the best function that can approximate the
training outputs, the soft margin approach
introduced by Vapnik and Cortes was used:

- minimize %”w"2 +Ci(§i +§i*)

i=1
Vi _<Waxi>_b <€+
<w,xi>+b—yi <e+&

& .5 20

- subject to

The Lagrangian for which a saddle point
must be found is:

L=l g ene) -
Zn:ai(ngé‘,-* +, —{wx,)=b)

_Zn:ai(8+§i )i +<Waxi>+b)

With Otl»(*),ﬂi(*)ZO. Some of this

lagrangian multipliers will be 0. So the
solution will be determined by some vectors
from the training data, vectors for which the
lagrangians multipliers will be different from 0.
This vector are called support vectors. The
model parameters will depend on this
parameters. The solution will be:

S =3 (e, —a, ) xx, )+

For non-linear problems like our problem
the scalar product <xi,x> can be replaced with

a nonlinear function called kernel function.
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This kernel function is a function that can be
expressed as a dot product of similar functions:

k(x,x,)= <¢(x),¢(x,)> The kernel trick is to
map the data in a space with a higher dimension
using a transformation x->@(x).

We trained the algorithm (implemented in
Weka package [10]) using pair of data obtained
from process and we obtained two functions:

F(Z) and 6(Z). The kernel function used was the
radial basis function RBF.

k(x,x,)=e /ol
> A

The y parameter value was set to 10 after
testing different parameter values using 10 fold
cross validation technique. Also using the same
technique the models C parameter was set to
100 and € parameter to 0,01.

Using SVR technique was preferred
because it’s resistance to outliers presence. In
figure 4 the cutting force evolution is presented
along with the cutting force evolution modeled
with SVM.

—Measured cutting orce
===Modeled cutting force using SVM
=3
< ‘
=, 250r i X l B
N “ ‘ ] ‘ |
B il i i \
g 200 I ‘\ "“ “I‘ |
& i “H;
%ﬂ 150 ‘ | I¥ 4
§ i :““ I
© 1007 T Uu‘ |
50r 1
0 10 20 30 40 50

7. coordinate [mm]
Fig.4 —The cuting force evolution and the model
using SVM

In figure 5 the dimensional deviation
evolution is presented along with the result of
the model using SVM. As depicted in the
picture bellow the oscillations of the measured
signal, oscillations which are dimensional
deviations across the direction of the directrix,
are removed and the modeled deviation signal
represents the dimensional deviation accros the
direction of the generatrix.
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—Measured dimensional deviation
===Modeled dimensional deviation using SVM
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Fig.5 —The dimensional deviation and the model
using SVM

Using the data obtained by the SVM
models a third model was trained, a model that
will approximate the relation between the
dimensional deviation, cutting force and the Z
coordinate 6=06(Z,F) (figure xx).

The obtained model

was used for

predicting the error of the next workpiece.
During the next workpiece the Z coordinate is
known, also the average value of the force is
values are

computed. These inputted in

5=8(Z,F).
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Fig.6 —The grafical representation of the

relation between Z coordinate, cutting force
and dimensional deviation
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Fig.7 —The predictions made using SVM

As depicted in above picture the
prediction performance was fairly good. The
prediction was three times better then the case
of prediction made by the average value of the
error of the previous part.

5. Conclusions

In this work a new method for online
identification and prediction is proposed. The
identification of the dimensional deviation in
relation with the state variables was applied for
a real manufacturing system, a lathe.

The identification method is different
among two direction: directrix and generatrix.
Predictions were made for the dimensional
deviation on the generatrix direction. The
prediction was made using an algorithm that
uses SV regression.

The prediction results were good the
prediction precision increased 2 times.
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Metoda pentru identificarea liniilor de deviatie dimensionala — relatia
variabilelor de stat aplicate la masinile unelte

Rezumat

In lucrare se prezinta o metoda de identificare online a relatiei dintre
deviatia dimensionala si forta de aschiere, in scopul constructiei unui
model destinat compensarii online a erorii dimensionale. Ideea de baza a
metodei este identificarea acestei relatii separat pentru fiecare dintre cele
doua curbe generatoare ale suprafetei (generatrix and directrix) folosind
tehnica SVM regression. In concret, modelul matematic obtinut permite
prognoza deviatiei dimensionale pornind de la valoarea masurata a fortei
de aschiere si coordonata punctului curent. Metoda de identificare a fost
testata experimental in cazul strunjirii unui lot de piese. Rezultatele
obtinute au aratat ca prin aplicarea metodei eroarea de prelucrare eroarea
de prelucrare poate fi diminuata in medie de 2.5 ori.

Méthode pour l'identification en ligne de la déviation dimensionnelle - relation de
variables d'état appliquée aux machines de fabrication

Résumé

Dans ce travail une nouvelle méthode pour 1l'identification en ligne de la
relation entre la déviation dimensionnelle et la force de découpage, avec
I'objet d'établir un modéle mathématique a employer pour la compensation
en ligne de l'erreur dimensionnelle. L'idée principale est d'identifier cette
relation séparément pour chacune des deux courbes se produisantes (la
génératrice et le directrix) utilisant la technique de régression de SVM. Le
modéle mathématique en résultant peut étre employé afin de prévoir les
valeurs pour la déviation dimensionnelle basée sur la position actuelle de
l'outil et sur les valeurs mesurées de la force de découpage. La méthode
d'identification a été examinée pour une série entiére d'objets tournés. Les
résultats ont montré que cela en employant la méthode proposée 1'erreur
d'usinage peut étre réduite par 2.5 fois.
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ABSTRACT

In this paper surface roughness, obtained by machining with
different cutting speeds, is analyzed. A special experimental stand was
developed for this. Surface roughness was investigated using digitally
device Surtronic 3+ and was analyzed with specific software Talyprofile.
Materials used for this study of roughness at high speed machining
conditions are six brands of high and medium alloyed steels, machined
with two cutting feeds and six cutting speeds. Transversal profile of the
asperity was investigated, and was determinated the minimum chip
thickness. Longitudinal profile of the asperity was, also, determinated. At
the end we propose an modified cutting tool and modified cutting model in
order to obtain minimum of surface roughness, whith application to the
high speed turning finishing of machined surfaces .

1. Introduction

High speed machining, is one of the
modern technologies, which, in comparison
with conventional cutting speed, allow high
metal removal rate, considerably increase
productivity, increase surface finishing and
eliminate cooling. It is obtain shortening of
manufacturing time, some step elimination
(manual manufacturing) and have no influention
on dimensional precision and surface quality.
These advantages are decisive for using of high
speed machining in different industry sectors
with special conditions.

High-speed machining processes know

very long time ago, but there are many actual

researches in order to improve in future quality
and reduce costs.

The machining features, which are
hallmark of superalloys are: involvement of

multiple wear mechanisms in cutting tool
failure, considerable damage to machined
surfaces, which extends to the sub-surface
levels in some cases, and involvement of

intense shear in the chip formation [1,2].

The machined surface characteristics
such as surface roughness and surface damage
have significant influence on the surface
sensitive properties such as fatigue, stress
corrosion resistance and creep strength, which
in turn affect the service-life of components [3].
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Therefore, high degree of surface integrity is an
essential requirement for better performance,
reliability and longevity of the machined parts
during service. The machining forces have an
important share in the generation of stresses
and temperature in the machined surfaces. They
further influence the stresses and temperature
along tool-chip and tool-work interfaces. All
these effects finally lead to poor surface
integrity if the working conditions are not
properly selected. Therefore, it is important to
know the machining parameters, which reduce
cutting forces and generate favourable surface
characteristics.

The surface generated during machining
of Inconel 718 has been a subject of research of
a number of investigations. These include
analysis and/or evaluation of surface finish,
surface alterations [5, 8, 10, 13-17].

Besides, it is demonstrated that the
cutting tool edge geometry significantly
influences many fundamental aspects such as
cutting  forces, chip formation, cutting
temperature, tool  wear, tool-life and
characteristics like surface roughness and
surface damage. Similar studies have been done
on machining of Inconel 718 too [10,11,16,17].

It appears that most of the work has
been done at reasonably lower cutting speeds,
whereas the increasing use materials in
different conditions and industries necessitates
the knowledge of their machinability at higher
cutting speeds, which is not adequate at the
present. Further, less attention has been paid to
optimize the process conditions to improve
machinability in terms of cutting forces and
surface integrity of machined materials. Also,

most of these studies include random
experiments.
Thus, in this experimental work,

turning process is selected to assess the effect
of edge geometry and machining parameters
and surface integrity of Inconel 718. The
surface quality in terms of surface roughness
and surface damage has also been investigated.
The following sections of this paper
describe plan of the experiments and their
execution followed by analysis of the results.

2. Experimental stand

To experimental study the surface roughness
generated by high speed machinig, it was
designed and built the following experimental
device:
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Thermovision
camera

Force measuring e
uisition system
system pamri

Fig. 1 Experimental device for the study of high
speed machinig

The generating The device is made of a
steel base with a 500 mm diameter, placed on
the chuck of the numerical command frontal
lathe.

On this disk two opposite channels was
machined, with the dimensions of 60x40x3mm,
in which the analyzed samples were put. These
were attached with three M10 screws. The
whole device is protected against accidental
detachment from the lathe axis.

The cutting speed obtained, while the
main axis of the lathe revolves at a speed of
1400 rot/min, is of 36,6 m\s 0or2196 m\min.

The tool that was used is a lathe knife
offered by the Sandvik company, model ISO
DVIJNL 2020K16 fitted with Garant brand
insertions made of metallic carbure (HB712)
and with cubic boron nitride (CBN 725).

Materials used for the study of

roughness when processed at high speed are six
brands of high and medium alloyed steels:
42CrMo4, OLC45, 20TiMnCrl12, 34MoCrNil6,
18MnCrl1, 41Cr4.
From these materials samples were cut having
the dimensions of 60x60x25 mm, which were
cut using two types of cutting edge tool,
respectively an insertion of metallic carbure
Garant brand with the degree HB712, and
another insertion having the edge made of
cubic boron nitride (CBN), still Garant brand,
degree CBN725. Each of these materials are
machined both cutting tools, applying two feeds
and, respectively, six cutting speeds.

The cutting speed was chosen at
random so as to comparatively study both the
field of conventional cutting and also the field
of speed cutting. The maximum speed employed
is conditioned by the maximum revolution that
the lathe can generate.

The roughness was measured using the
digital device Surtronic 3+ and the profile
grams were obtained by using the Talyprofile
software, thus enabling the computing of the
various profile parameters.
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Many parameters of cutting processes
are investigated: force, temperature.

3. Analysis of experimental results
3.1 Transversal profile of the asperity

One important component of roughness
is the generation roughness, occurring mainly
because of two important conditions:

e Generating profile of the tool,

e Micro profile of the cutting edge.

We  shall further  present  the
experimental study of generated roughness
occurring due to the cutting tool profile which,
while turning, results in the occurrence on the
processed surface of some channels, having a
transversal profile specific for the cutting edge
and located at a distance that is equal to the
advance movement (fig. 2).

Profilograma transversalal

——Olcds, CBN.R=0,4

\ (. s-o.1{maolh
1=36,6 [m/s], t=0.5

[mm]

H
3
g
g
H
]
E
3

[Beplasarea n furgu il de referina fmicront]

Fig. 2. Aspect of a typical transversal
profilogram obtained during experiments

The transversal profilogram was generated, for
the surface obtained using various cutting
speeds and for various materials for the tool
and for processing. The following observations
can be presented:

It is remarkable the exact way in which
the transversal profile is generated along the
advance movement direction, which shows that
there are few aleatory aspects that may
intervene when generating this profile.

Also, it can be seen that there is a
difference of relative position between two
successive profiles, which is explained by
different shock behavior of the experimental
system.

Big scale evolution of the transversal
profile position may be due to the measurement
system, as the measurement reference moves
along the touched surface.

Transversal profilogram|

H
E
-
g
i
2
z
E
.
z
g
2

E reference line [mi

Fig. 3. Transversal profile of longitudinal
roughness in various surface areas, and the
theoretical profile of the used tools
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The height of profile edges are
significantly  altered along the surface
exploration movement, and are not rigorously
correlated with height alterations for each
profile base. This suggests the fact that there
are random phenomena while forming this area
of the transversal profile.

In order to develop a detailed study of
the transversal profile, this profile was
examined in various areas of the surface and
compared with the theoretical profile of the
generating edge of the tool, as it can be seen in
fig.3

It can be seen that an area of the profile
looks very close to the shape of the theoretical
profile, which shows that within the respective
area do not occur phenomena leading to the
profile copy disturbance, and even of the
cutting edge micro profile disturbance, on the
cut surface. In exchange, the other area of the
profile drastically differs from the theoretical
profile and, moreover, is significantly differs
from one area to another. This supports the idea
that the respective area of the profile is not
generated by the geometry and by the micro
geometry of the cutting edge, but is the result
of a plastic deformation process, influenced by
random phenomena. This also explains the
significant variation of the profile height in
various areas, which was noticed in fig.2 as
well.

3.2 Chip minimal thickness

With a view of explaining the
differences between the real transversal and the
theoretical profiles, it was analyzed the
connection between this difference and the
variation of the thickness of the detached chip.
In fig. 4 it can be seen that the differences
always occur in the CB area of the theoretical
profile and corresponds to the area in which the
chip thickness takes very small values, to the
zero. Indeed, as it results from fig. 6.14, the
shape and dimensions of the theoretical chip
greatly varies, and this happens predominantly
in the area in which the tool profile generates
the transversal profile of surface roughness.
Taking into account that the tool edge is not
perfectly sharp, as it is the result of the joining
of the evolving side towards the facing side
with a radius of cca 5 um, then it results on the
occurrence of a situation in which the thickness
of the theoretical chip is smaller than the
joining radius of the cutting edge. It is clear
that in this situation the material will not
advance towards the chip, but it will be crushed
and forced to advance below the cutting edge.
By examining the real case of laboratory
experiments, it can be seen that it is a good
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correspondence between the C point located on
the theoretical profile, where the theoretical
thickness of the chip can be compared to the
cutting radius of the cutting edge, and the point
in which the dimension of the transversal
profile begins. It can be concluded that there is
an area CB of q width, where the cutting is
replaced by ramming.

The thickness of the theoretical chip
corresponding to the C point will be referred to
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Cutling, p

Ramming, q

Real profile

z B oo L
i \ Theotetical profile

Fig. 4. Correspondence between the real and the theoretical profile represented to values
close to vertical and horizontal scaling

as minimal thickness.

It was experimentally studied the
variation of the minimal thickness of the chip
with the cutting speed (fig. 5.).

[Chip minimal thickness versus cutting speedl

4,5
£
£ e
8 \.\ //
E
2 =
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-
£
£
E
2
£
<

0
0 10 20 30 40
- J

Fig. 5. Variation if the minimal thickness of the
chip, compared to the cutting speed

It can be noticed that there is an optimal
value of the cutting speed in which the cutting
edge has the capability to cut thick strata of
material, the smallest value of minimal
thickness reaching the value of 2,5 um.

In order to study the generation
roughness of the cut surface, the profile of
roughness along the movement direction of the
cutting tools was analyzed (fig.6.).
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Fig. 6. Variation of the longitudinal profile in
accordance with the cutting speed

It can be seen that the variation level of
the profilogram raised towards the direction of
tool movement decreases with the cutting
speed. This is due to the fact that the random
phenomena during generating at low speed
cutting are subsequently replaced with plastic

deformation phenomena, the chip being
ultimately the results of a pure plastic
deformation.

To test the finishing possibility of the
high speed cutting surfaces, on the basis of the
results obtained within our research, it was
proposed a finishing process by turning, in
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accordance with the cutting diagram presented
in fig. 7

10°
Fig. 7 Cutting diagram for surface finishing by
adiabatic cutting

In fig. 7 are presented two successive
positions of a lathe tool with modified
geometry, so as to obtain finishing by adiabatic
cutting, the tool positions being successively
positioned at a distance equal to the advance s.

The X]angle takes very small values. In this
case the chip thickness has the value of 0.2 mm,
and the width is equal to the advance value,
which in the case under focus is of 0.3 - 0.5
mm/rot.

Conclusions

The conclusions drawn for surface finishing
by adiabatic turning are the following:
1.Surface finishing by adiabatic cutting is
possible.
2.The thickness area is reduced to values
smaller than the minimal accepted thickness
3.The cutting speed can be increased, thus
highlighting the adiabatic character of cutting.
4 By careful finishing of the tool cutting edge,
it can be obtained a cut surface with
significantly decreased roughness.
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L'IDENTIFICATION DE LA RELATION DE VARIABLES D'APRETE DE
SURFACE ET DE SON APPLICATION A LA CONTROLE DE USINAGE A
GRANDE VITESSE

Abstrait

Dans ce papier est analysé 1’état de la surface, obtenue en usinant avec
de différentes vitesses coupantes. Un éventaire expérimental spécial a été
développé pour cela. L'apreté de surface a ¢été enquétée en utilisant
numériquement l'artifice Surtronic 3 et a été analysée avec le logiciel
spécifique Talyprofile. Le matériel utilisé pour 1'étude d'apreté a la grande
vitesse usinant des conditions est six marques d'aciers alliés hauts et
moyens, usinés avec deux nourritures coupantes et six vitesses coupantes.
Le profil transversal de l'aspérité a été enquété et était déterminé
I'épaisseur minimale de coupeau. Le profil longitudinal de 1'aspérité était,
aussi, déterminé. A la fin nous proposons un instrument coupant modifié et
un modéle coupant modifié pour obtenir le minimum d'dpreté de surface,
avec l'application a la grande vitesse tournant le finissage de surfaces
usinées.

IDENTIFICAREA RELATIEI RUGOZITATE - VARIABILE DE STARE SI
APLICAREA ACESTEIA LA CONTROLUL ASCHIERII CU VITEZE
FOARTE MARI

Rezumat

In aceasta lucrare se studiazd rugozitatea suprafetelor obtinuta prin
prelucrare cu diferite viteze de aschiere. In acest scop a fost dezvoltat un
stand experimental dedicat. Rugozitatea suprafetei a fost investigatd
folosind dispozitivul de masura Surtronic 3+, si a fost analizatd folosind
software-ul specific Talyprofile.

Materialele folosite pentru studiul rugozitatii la diferite viteze de
aschiere sunt sase tipuri de oteluri inalt si mediu aliate si care au fost
agchiate cu sase viteze diferite de aschiere, acoperind atdt domeniul
agchierii conventionale, cat si cel al agchierii rapide.

A fost analizat profilul transversal al asperitdtilor si a fost determinata

grosimea minima a agchiei. A fost determinat, de asemenea si profilul
transversal al asperitatilor.
La final se propune o scula de aschiere cu geometrie modificata si un
model de aschiere folosit la obtinerea unui minim al rugozitatii suprafetei,
cu aplicatii la finisarea prin strunjire cu viteze ridicate a suprafetei
aschiate.
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9) Algorithm developing for online modeling of technological systems thermo-
mechanical fields dynamics, lon Lixandru, Alexandru Epureanu, Annals of the
,2Dundrea de Jos” University , Fascicle V, Year XXVI (XXXI), ISSN 1221-4566,
2008 (publicatie indexata BDI).

ALGORITHM DEVELOPING FOR ONLINE MODELLING OF TECHNOLOGICAL
SYSTEMS THERMO MECHANICAL FIELDS DYNAMICS

ION LIXANDRU, ALEXANDRU EPUREANU
GABRIEL FRUMUSANU, MARIAN VIOREL CRACIUN

ABSTRACT

It is experimentally proved that different thermo-mechanical fields have an obvious
coherent dynamics. So, in order to model and identify the technological systems’ thermo-
mechanical fields and their dynamics we have to develop an identification algorithm based
precisely on the fields dynamics coherence.

The developed algorithm is remarkable due to substantial reduction of the number of
sensors needed for the thermo-mechanical fields dynamic identification and it is conceived to
be used in technological systems adaptive guidance.

As the measured values during trials are not exact, we can consider that a certain
thermo-mechanical field is a function depending on this values. Following the minimising of

some operators such as ILf(t)]zdt or generally speaking Hf (r)(t)]zdt we obtain

homogenous systems out of whose analisys we can conclude on the importance of knots
measurements are made in.

I. THE MODELLING OF THE DYNAMICS OF UNI-DIMENSIONAL
THERMO-MECHANICAL FIELDS
We have an uni-dimensional thermo-mechanical field, deetermined by a B-spline

curve of order k, f{t), on the knot set (¢, )i=m~ This curve is segmentary polynomial and it is

expressed by means of a B-spline basis function set on every interval, related to the knot set.
B-spline basis functions are obtained through a recursive process, as it follows:

Ltelt.t,,)
1 N — i+
SRAC {O, otherwise
t_ti ti+k —1
O V)=t e N (k22

itk-1 Y itk i+l
By means of these, a B-spline function of k order can be written as it follows:

(3) f(t) = Zn:dl.Nl.,k (t) on the knot set (ti )i:lT+k .
i=1
If we note

4) {d =(d1,d,...d, ) , then (3) becomes:
N=N()= (Nl,k (O Ny (0)rs N (t))
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() f(t)=d O,N

0 2 _i 2 5 i 2 5 _ ' _
P [£()] dt—adijl(d O.N) dz_jad(d@,.zv) dt=2[(d© ,N)® Ndt

=2[N®@O,NJr=2[NO(N' O ;dhi=2[(NeN')o di=2[(Ne N i Od

Noting:

[M@M(@de .. [N, ()t
(6) 4y = j(N@Nf)dz =
[N, Ot .. [N, (N, ()t

and equaling the partial derivatives to zero, we get:
@) — n equation system with n unknowns (control points d);

Ao- mass matrix. If rank A¢=r (for example A, = det(aij )l, =iy # 0), then xj,x;,...,X, - main

unknowns which are expressed depending on the secondary unknowns x,.1,...,X,, .
From a practical viewpoint this means that knots ¢, 4,...,#, have a greater importance

(they are more influential) than the others.

In the case of derivatives of order r, we have:

% [f(r)(t)]zdt - %j(d o) ,.(DOF)ijz - ji(d o) i(Dg)/thzdt _

od

J.(dOi(D(gyth@(Dg)Nrjdt: J.(D6)(Nt ®(d O i(Dgerjdtz
I((Dﬁ FJ®(NryD6Ojd)dt= (D6)UNF®( ”)dt} DyO d.

Noting:

_[Nl,k—r (t)Nl,k—r (t)dt _[Nl,k—r (t)Nn—r,k—r (t)dt
(8)4, = I[Nr®(Nr)jdt=
J.Nn—r,k—r (t)Nl,k—r (t)dt J.Nn—r,k—r (t)Nn—r,k—r (t)dt

t
9) M, =| D} A.Dy |- minimizing product and equalling the partial derivatives to zero, we
r 0 “r+0

get:
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(10) - n equations system with n unknowns for the control points, out of whose

discussion we can calculate the knots having a greater importance in terms of measurements.

Particular cases:

Dr=1= M= (D(l)}AlD(l) - rigidity matrix, where D(l) = (a}jo )izl,

n—1 - control points matrix
Jj=Ln

for f '(t).
QD)r=2=>M, = (Dg)AzDg - curving matrix, where D} = D, (a’l,a’2 ..... dy )’
r—1

Generally, D§ = [ [ D/~
i=0

II. THE MODELLING OF THE DYNAMICS OF MULTI-DIMENSIONAL
THERMO-MECHANICAL FIELDS

A bi-dimensional thermo-mechanical field is determined by a B-spline surface of

order (k,1) on the knot set (i )i=1pT€ X (v g )j:m , by means of:

(1) x(u,v) = f(u)® g(v), where f(u) and g(v) are B-spline curves defined on the knot sets
(;) and (v; ) respectively.

Using (11), we infer:
(12) x(u,v)=d O ;N, O ;N,, where

Ny = (Vg (@)oo Ny g @EN, = (N (0)a N (),

dll d12 cee dlq
d d v d

d= 2R 2\ control points matrix.
dpl dp2 dpq

.0 : o . :
Noting — the partial derivatives matrix of all the control points d;;, we have:

i
%”[x(u,v)]zdudv = ”%(d O;N, O jNv)zdudv.
But (a0 N,0 N = ©,%,0 ,N,)8 (v, © N)-

N,®(dO;N,0 ;N,)® N, = N, ® (N © ;dO;N,)® N}, =
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(N ®Nf)c> d O (N ®Nf)
Noting:

J.Nl(u)Nl(u)du J.Nl(u)Np(u)du
(13) 44 = j(Nu ®N{,)du = .
J.Nl(u)Np(u)du J.Np(u)Np(u)du

J.Nl(v)Nl(v)dv J.NI(V)N (v)av

MO0 . [f)

and equalling to zero the partial derivatives, we obtain:

(14) | 4 dAg =0

Studying the system (14) we can infer the influential points of the measurements.

4 = [, @i iv=

Minimizing the mixed partial derivatives of order two, we get:

dudv = iaVC)DtN ®© .D'N., Mudv.
J.J.[aaj J.J.ﬁd( i“utVu j vty
uov

The integrable is:
(d©,DN,® ,DiN,)® (DN, ) (VD))

v

(DiN,)® (@ ©,DiN, 0 ,D!N,)®(N!D, )

(DN, ®N!D,)O ;d 0 ,(DiN,)®(ViD,)
DN, ®N!)p,® ;a © ,Di(N, ®N!)D, .
Noting:

(15) 4 = (N, ® Nt Jaus 47 = [ (N, @ N Jav

we obtain the following n equations system with n unknowns for the control points matrix

d ={dy)=1.p
J=Lq

(16) (D[,A{’Du)d(DgAva)= 0, and if we note:

(17) M{" = DL A{' D, , then (16) becomes:

(18) | M{'dM{ =0
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Analogically, minimising the operators

”[a xj dudy ”[ J dudv we get the equation system:

(19)|MYdM! =0|  (20)|MidM’ =0

Studying the systems (18), (19) or (20) we can conclude on the importance of the

measurement points.

A three-dimensional thermo-mechanical field is given by a B-spline volume of order (1, m, n)
on the knot set (u ) 1+l X ( )] gim x( k)k rn by means of:

Q1) x(u,v,w)= f(u)® g(v)® h(w), where f(u), g(v) and h(w) are B-spline curves defined
on the knot sets (ui), (v j) and (wk) respectively. Using (24) we infer:

(22) x(u,v,w)=d O ;N,O ;N, O N,,, where:

d= (dijk )’Jjﬁ - is the control points matrix.
k=1r

N,,N,,N,, - are the basis B-spline functions corresponding to the three curves.
0 2 G, . )
aj.”[x(u,v,w)] dudvdw —”_‘.a(d O;N,O;N,O N, ) dudvdw =

=2[[[(d O N, © ;N,ON,,)® (Nu ®N! ®N§V)dudvdw.
The integrable is:

N,®(dO;N,O ;N,ON,,) ®(N Q N! )
Nu®(Nf,O,~dOjNVOkN ®(N ® N, )
(N ®Nf)c> d© ;N,OkN,, ®(N ®N§V)
(N ®N, )O :d O N,,O N, ®(Nf®N )
( ®N, )O :d O N,,© (N ®N’)®N’

( ®N, )Oidoj(Nv@@Nﬁ)Ok(NW@N@).

Noting: A4f = J.(Nu ® N} )du , we get:

(23) |45 ©,d O , 4,0 ;4 =
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When minimising the mixed partial derivatives, we obtain:

2
11 32| - 17 200 208,020,051,

The integrable is:
(d ©,D,N,O ;D\,N,© kDivNW)® (N@DV)®(N£VDW)=

(D[,Nu)@) (d ©;DyN, © ; DN, O kD;NW)@J (NéDV)@J (N;DW)

DIN, ® (N[,Du ©,;d O DIN, O jDﬁNv)@) (NLDV)®(N£VDW)=
(N, © NiD,)0,d 0, (DiN, )0 ;(DiN, Jo (i, e (VD) )=
(v, ®N!)p, 0,4 © ;D! (N, ® N')p, 0, DL (N, ® N, D,

Equalling the mixed partial derivativesto zero, we obtain the following system for

control points:

(24) D{,j(Nu ® N/ )duDu ©,d O ;D} j(Nv ® Nﬁ)dva o, D, I(NW ® N;)dew =0

or noting M,, = I(Nu ® Nf, )du we get:

(25) Mqud OjMkaMW =O

out of which we can conclude on the control points.

Analogically, we can obtain relations for the minimising of partial derivatives related
tou and voruand w or vand w.

The above-mentioned things are a static modelling of the thermo-mechanical field. In
order to make a dynamic modelling we have to elaborate an algorithm which should follow
the evolution of the field in time.

Therefore, we suggest a four-steps algorithm:

STEP I. Spline modelling, by means of tensors, of the initial field C, , determined by the

values d,,d,,...,d, measured in the knots #,,¢,,...,t, .
STEP II. Calculating the points which have a greater importance (are more influential), by

minimising certain functional operators. Given dl* ,d; ,...,d;, tha values measured in the

*

important knots 1,1, ...z, .

STEP III. Spline modelling, by means of tensors, of the field C, , determined by the values

Ad, =t —t;,Vi=1p
STEP IV. The final field C,results from the initial field C, plus the field C,, modelled in
STEP III.
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This algorithm may be schematically presented as it follows:
| INITIAL SPLINE MODELLING |- DETERMINING IMPORTANT POINTS |-
| SPLINE MODELLING OF THE SUBTRACTION | DETERMINING THE FINAL

APLICATION
THE MODELLING OF THE MECHANICAL FIELD FORMED BY LATHE
VIBRATIONS

In order to model the dynamic of a mechanical field we took into account the case of
the observed vibrations on a normal lathe SNB-360, by rotating an eccentric mass. To obtain
the initial data needed when modelling the field, we measured the vibration amplitude in 53
points on the front surface of the lathe (considered as a plan xz), chosen in a certain way so as
all significant areas are taken into account (figure 1).

The point disposal was the following:

- 1....25 — on the fixed tooll;

- 26 —on the tool holder 2;

- 27,28 — on the tool holder sledge 3;

- 29....32 —on the truck 4;

- 33, 34 — on the mobile tool 5;

- 35....42 — on the previous longitudinal guiding;

- 43 ...50 — on the body 6, in the area under the previous longitudinal guiding;

- 51-53 — on the body, in the left feet area 7.

The measurement was made by means of a x viber machine, with a piezo-electric
translator having the following main features : sensitiveness - 100 mV/g; the frequency
domain — 1-10 000 Hz; the resonance frequency — 23 000 Hz; the temperature domain - -50
... T121°C; the dynamic measurement domain > 80 dB.

We did more measurement series : the first situation, considered to be a reference
situation, for a 600 rpm rotation of the main shaft and a certain value of the eccentric mass, e
(fi(x,2) in table 2). Then we varied the vibration frequency, by modifying the rotation to 800
rpm and 1000 rpm (f2(x,z) and f3(x,z)). Finally, we varied the amplitude of the exciting force

too, by raising the eccentricity of the rotating mass to 2e and 3e (f4(x,z) and f5(x,z)).
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X X X X X X X X X X \X X X
X X X X X X X X X X X X X 7
X X X X X X X
X

FIGURE 1 Point disposing in which we measured the vibration amplitude.

In order to realise the modelling of the dynamic of the vibration mechanical field
we had to go over the following stages:

v by means of spline functions specially designed (chapter IV), we modelled both the
reference state, given by the point values of the function f; (figure 2), and the states
known throught the values (in the same points) of the functions f; ... fs;

v we determined four functions characterising the system passing from the reference

state, 1, to the state i ¢ = 2 ... 5~ with the formula

Afli(x,z): fi(x,z)— fl(x,z), i=2..5

v' the four difference functions were also modelled by the new type of spline functions
(figure 3), first on the basis of the values in 25 between the known points, then on the
basis of the values in 5 points; the 25 and 5 points respectively were chosen from the
53, based on genetical algorithms, as being the points which define the system
dynamics mostly;

v" we added the known values, in the reference state, and those obtained by spline
modelling of the difference functions and we compared the results found in this way,
with those resulted in the first stage, by direct modelling, on the basis of the known

values in all 53 points.
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FIGURE 2 Field f; interpolated
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FIGURE 3 Modelling the function Af1;

The comparing between vibration mechanical field for one of the states known

through direct measurement, in 53 points and its model resulted as a sum of the reference
state values and the modelled values of the difference function, was done by calculating the
square mean deviation between the measured values and those obtained by modelling. We

got the following results in table 3.

Table
Square mean deviation
State 1 — 2 State 1 — 3 State 1 — 4 State 1 — 5
25 points 1.6383 79.576 0.3762 0.7554
5 points 3.5573 11.1588 0.6274 1.1251
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THE USE OF TENSORS FOR THE SPLINE MODELLING OF
MULTIDIMENSIONAL THERMO-MECHANICAL FIELDS

ION LIXANDRU, ALEXANDRU EPUREANU
GABRIEL FRUMUSANU, MARIAN VIOREL CRACIUN

ABSTRACT

Thermo-mechanical fields found in the technological systems’ practice are defined
either along a line or on a surface or in a 3D-space. Moreover, the idea of adding a fourth
dimension- the time- is always there.

Consequently, the modelling of a multidimensional field is a must.

The analytical approach of this problem assumes some disadvantages related to the
great number of calculations and it also does not allow you to move easily to
multidimensional fields.

The use of tensors facilitates the natural moving, with the help of tensor product, from
the unidimensional to bidimensional or multidimensional fields but also their derivation or
integration or obtaining functional minimisings, all used in practical applications.

A significant property of bigger dimensional entities which consist of smaller
dimensional entities is given by the fact that evaluation, insertion, approximation methods
can be generalised in a convenient way. In every of these cases, the bigger dimensional
method requires the recurrence of the same unidimensional version in each coordinate
direction.

When talking about the extension of two dimensional fields tensor product, we have
to decide on the processing direction. Even if there are possible calculation advantages for a
certain choice, the final result is the same, depending on the size of the unidimensional field,
in different directions.

[. THE MODELLING OF UNI-DIMENSIONAL THERMO-MECHANICAL FIELDS

A uni-dimensional thermo-mechanical field is determined by a B-spline curve of
order k, given by a B-spline function, a polynomial segmentary function, which is expressed
by means of a set of B-spline basis functions on every interval, related to a knot set. Basis
fuctions are chosen so that support intervals could be as little as possible and a possible point
modification should affect only the adjacent sections. The set of “k + 1’ consecutive intervals
on which a basis B-spline function, of order k, is non-zero, is called its ratio. Basis B-spline
fuction can be obtained by means of a recursive process, in the following way:

Leelt,.t,,)

1 N — i* i+

1 "l(t) {0,0therwise
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2) Ni,k (t): iNi,k—l (t)+tlurk—__tNi+1,k_1 (t)a Vk=2

Livke1 1 Livk i+l
With the help of B-spline basis functions, a B-spline function of order k, can be

written as:

3) f Zd N, ;(¢), on the knot set ( ) _mz - 1 we note:

{N= ()= (V1 (O Vo, ()N i (1)
)

d:(dljdzj__"dn) - control points vector, then (3) can be

tensorially written as:
(5) f(t)=d O;N
In order to evaluate the B-spline function f(¢)= Zd Nk () in a point ¢ €[t;,t;,)
J

we have to calculate k& non-zero numbers N (t), j=i—k+1,.,i, then f(t) is given by

© fl)= SN0

J=i—k+1
The calculation of this sum is efficiently made by using the recurrence relation (2),
relation which allows us to write f{(t) related to the basis B-spline functions with one order

less, as

i —t; tivk —t
fle)= dj|———N; )+ "Ny ()| =
t —t t;. 5 —t;
J=i—k+1 J+k-1 J+k T L+l

i i tivk—1
= Z d tN]kl()+ Zdj_lﬁ—N]kl()

Tkl Ljrk-17E jmick+l  Ljrk-17

d —1; Ljvk—1—1 .
= Z d;+ d; Nj’k_l(t).Notmg
_ ]+k 1= t tj+k—l_tj

t—t. tpy —t .
(7) dj(t)= Jt cljth]+ : t d;, we get (8) f(t) Zd N4 (¢), or, in short,

Jtk—=1 Jrk=1 Tt J=i—k+1

= Zd[lN[,k—l (t)

Repeating the above raciocination and noting :
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di’ ]ZO
9) d/ ()= t—t; i livk—i—t i_ or in an equivalent way :
() l() i dlj 1(I)+ i+k—j dijll(t) j>0 q y
lLivk—j —1i livk—j —1i

(10) dij = Zdij_l +(1- Z)dl.j__ll, where 4 = % we get f{(t) in terms of normalized B-
i+k—j ~li

spline of a smaller order : (11) f(t)= Zdlj (t)N,-’k_j(t).
i

As  N;(t)=1te [ti,tiH) and zero for the rest, we can write
fe)=d} (), veelt,1,,) and so, for r€(t;,1;,1), we can find f(t) out of d;_j,,....d; by
means of convex conbinations (10). These convex conbinations provide the numerical
stability of the process. Using (11) for f{(t) in terms of d i'/ , firstly we have to find i, so that

te [ti ,1;., ), then we have to generate all the entries in

dz'o—k+l(t)
dio—k+2(t) dil—k+2(t)
the triangle table :
d¥(6) a0 . a0
di6)  di) .. df7*e) afT(0)

The table is evaluated column by column, every entry being a convex combination of
the two adjacent elements in the preceding column, and the last right term bottom of the
table, (d lk -1 (t)), is the wanted value f{t).

Based on these, we can elaborate an algorithm in order to calculate the coefficient’s

vectors which express the valueof a B-spline function, f{(t), in terms of the initial control

i=l,n

n
points. The following algorithm calculates the coefficients (@;)._r— so that f (t* )= Zaid i
i=1

n
Algorithm: calculate the vector (a;),_1~ so that f(t*)z Zaidi for t; < < thtl

i=l,n
i=1

1. create a stocking matrix mat(k,k) and the vectors dp (k), dm (k), create the vector res

for stocking the values «;

2. find the index ind so that ¢;,; < < tind +1
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3. initialize mat [0] [0] = 1.0
4. forj=0tok-2
4.1 dplj)=tlind + j+1]-¢"
42 dm[j]=1" —t[ind - j]
4.3 for i=0to k-1
4.3.1 temp = matli]j]/(dpli]+ dm[j - i])
4.3.2 matli]j + 1} = dpli]* temp
4.3.3 matli +1]j +1]= dm|j - i]* temp
5. for i=0 to k-1
5.1 resli+ind — k +1]= mat[ik —1]

I THE MODELLING OF MULTI-DIMENSIONAL THERMO-MECHANICAL
FIELDS

Given two uni-dimensional thermo-mechanical fields
p

flu)= Zd,-lNi’k(u)z diO;N, on the knot set (”i)i:m and
i=1
Lo . .

g(v)= Zdj Nj’](v)z dy O jN,, on the knot set (vj )j=m' The bi-dimensional thermo-

J=1
mechanical field is given by a B-spline surface, defined as the tensorial product of the
representative curves. Given :

(12) Nu = (Nl,k (u)a N2,k (u)a'"a Np,k (u))t;Nv = (Nl,l (V)a N2,l (V)a"'aNq,l (V))t >

(13) d = (dl]) - control points matrix.
i=Lp
J=lgq

—

(14)
f®g=(dO;N,)®(d, O jNv)=Nu@i (di ®dy)O ;N,=d|O; (Nu ®N5)

m n
O ;dy = Z Zdildiji’k(u)Nj’,(v). This is a B-spline surface whose basis functions
i=1j=1
are the tensorial products of the curves’ basis functions. Allowing the control points to have
arbitrary values, we get find the general formula for a B-spline surface :

P 4q
(15) x(w,v)=Y" > dyiN;  @)N; ;(v)= NydN, =d O ;N, O ;N,.
i=1j=1

Being the B-spline surface a tensorial product, the isoparametrical curves on it have,
in their turn, a B-spline representation. For example, for u=u,, we obtain the

isoparametrical curve V!
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P q q
D> diN; g (ug)N;;(v)= NN, Z Zdz]Nzk ) Z N;;(v) defined
i=1j=1 Jj=I\i=1 j=1

on the control polygon W; Zd N, i ().
i=1

An important consequence of this fact is that limit control points (those on the
borders) define limit curves.

A significant property of bigger dimensional entities, which come from the tensorial
product of smaller dimensional entities, is given by the fact that the evaluation,
approximation, interpolation etc. methods can be generalised in a convenient way. In each
case, the bigger dimensional method implies recurrences of the same uni-dimensional version
in every coordinate. In all the extentions of two curves tensorial product, we have to decide
first on the processing direction. Even if there can be calculation advantages for a certain
choice, depending on the dimentions of the B-spline function in different directions, the final
result is the same.

The evaluation of a point on the surface x(u,v) at a parametres pair (uo,vo) is

realized by means of a two-steps process.
STEP 1. We apply the curve evaluation algorithm in every column of control points

matrix

d= (dy) ~, using the knot set of u: (u;)

i=Lp
J=lq

will have as a result g-points, one point for each column, corresponding to the tip of the
triangled matrix, generated by the curve algorithm.

STEP 2. We apply the curve algorithm on the g-points resulting in STEP 1, using the
knot set of v, (v j) ey and the evaluation point of v: v(. The resulting point is the value

=1 ptk and the evaluation point of u, u(. This

of x(u,v) in (uq,vg).
A three-dimensional thermo-mechanical field is determined by a B-spline volume of
order (/,m,n) - a generalisation of the tensorial product of three curves of orders I, m, n

respectively.
Given the B-spline curves:

Zd Nl] u)=d,®;N,, onthe knot set (i;)

Ui=l, p+l
g 2
Zd] ]’m —dzO . N, on the knot set ( )jzl,qum
L 3
h(w)= d; Ny, 2 (w)=d3 O ; N,, on the knot set (w; )k=m- Noting:
i=1
(16) d = (d ijk) - control points matrix (3D- matrix)
i=l,p
=Lg

J
k=1,r
(17) Nu = (Nl,l (u)’ N2,l(u)""’Np,l (u)l Nv = (Nl,m (v)’ N2,m (v)’""Nq,m (v));

—
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N, = (Nl,n(w), Nz,n(w),...,Nr,n(w)) - the vectors of B-spline basis functions, of the

three curves, we have :

(18) x(u,v,w) Z Z ZdUkN, 7 \u j,m(V)Nk,n(W) or written in a tensorial way:
i=1j=1k=1

(19) |x(u, v, w)=d O;N,O ;N,OyN,,

In (19) appears a triple contraction of order three, d, with the basis function vectors
N,,N,,N,,. The first contraction produces a matrix, the second — a vector, and the third — a
scalar, equal with the triple of the sum in the formula (18). Analogically with the B-spline
entities of smaller dimensions, the isoparametrical surfaces which form the B-spline volume
have a representation of the B-spline surface, and the control points at the border of the
volume define border surfaces. The main algorithms for B-spline volumes are derived from
the generalisation of the tensorial product of the corresponding curve and from surface
algorithms.

The evaluation of a point on a B-spline volume, x(u,v, w), at a triple parameter
(ug,vo,wp ) is realised by means of a two-steps process :

STEP 1 : We apply the surface evaluation process to every control points layer

d= (dijk) ~, using the knot set (ul) and the parameters pair (u,v):
L,
L,

i=1,p+l° ("j)j:m

i

RN
»Q‘“E

— ‘

J
k
(u0,v0)-
The result is a number of r points, one for each layer.

STEP 2 : We apply the curve algorithm to r points resulting in STEP 1, using the knot
sets w: (wy, )k:m and the evaluation point of w: wy. This resulting point is the value :

x(uO’VO’WO)'
APLICATION

MODELLING THE GEOMETRICAL FIELD OF THE PROCESSING ERRORS IN
LATHING A LONG CYLINDRICAL PIECE
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[ X X X

——— Ol
\

Figure | — Measuring processing errors in LATHING a cylindrical piece

In order to model the geometrical field of the processing errors we used a test
assembley as the one presented in the figure 5.1. : a @60 x 600 mm steel dome, 2, was caught
in the universal 1 and propped in the centring tip 3 of an universal lathe SNB-360. In the tool
holder 7 on the tool holder sledge 5 was fitted an electronic comparator, 8, with 1 pum
precision.

Initially, the truck 4 was moved to the right, until the comparator got to the right end
of the dome; in this point (x = 0), the comparator was brought to zero (y=0). By successively
moving the truck to the left with steps Ay = 20 mm, we read the comparator’s indications to
the quotation y=500 mm.

Further on, the transversal sledge 6 was successively withdrawn every 10 mm, the
comparator was brought back to zero in the right extremity of the dome and the measurement
resumed in the same way. The whole group of measurements was repeated twice, without
moving the dome, obtaining the results in table 1- a, b and ¢ (where the quotations x and y
are expressed in mm, and the deviation in pm).

The values of the deviation in each point (X, y) were considered to be the arithmetic
mean of the recorded deviations in the same point, in every of the three successive different
measurements. The deviation values, calculated in this way, formed the entries for modelling
a bi-dimensional geometrical field of the processing errors by means of spline function

system specially designed (chapter III).
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The graphic result of the modelling are presented in figure 1 and figure 2

FIGURA 1 — Punctele masurate din campul geometric al erorilor
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FIGURA 2 — Modelul spline al campului geometric al erorilor
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APPENDIX

A tensor of order zero is a scalar, and a tensor of order one is a vector :
u= (ul,uz,...,un).

The tensor of order two is determined by a matrix T = (T}, Jk=Lm, where T}, are the
h=1,n

tensor components in an orthonormalizedw base {e; ®e),}. (e, ey, - form basis in R™ and

R", respectively).

The tensor of order three is given by a 3D-matrix (with rows, columns and layers)
T= (lek )’J::lﬁ where Tj; are the components of the tensor in the base {ei ®e; ® ek}

k=lLp

TENSOR PRODUCTS

1. VECTOR ® VECTOR
Given u = (uy,uy,..stty, ) ;v = (v|,v2,..,v, ), then u ® v is a tensor of order two, T =u ®v,
whose components are calculated by multiplying every component of u with every

component of v, i. e. T = (T}, ), where Ty, = uvy,; Yk =1,m;Vh = Ln.
2. VECTOR ® TENSOR

Given v = (VlaVZa"'avn)t; T = (Tj )j kzﬁ,then v® T is a tensor of order three U =v® T,

whose components are calculated by multiplying every component of v with every

component of T, i.e. U = (Uijk Ui =vilji Vi, jk=1n.

3. TENSOR ® TENSOR

Given T = (Tij )z',j:fn U=Up, )k, h=1.n - two tensors of order two. Then 7'®U is a tensor

of order four whose components are calculated by multiplying every component of T with
every component of U.

CONTRACTED PRODUCTS
The contraction of a tensor with another tensor has as a result a new tensor whose
components are calculated by adding the products of the two tensors after a common index.
This may be done only if the number of rows, columns or layers corresponding to the
common index is the same.

Each contraction produces a tensor whose order is equal to the sum of the two tensor
orders minus two . for this opperation we use the symbol ©, and to make the difference
between different indexes after which we add, we us the symbol © ;. We also use EINSTEIN

notation convention : in a nominal, whenever an index is repeated two times, the adding of
obtained terms is implied, giving all possible values to that index.
1) VECTOR O VECTOR

Given u = (uy,uy,.tty ) ;v =V, v9,0v, ). Then T=u Qv =u; v; =u'v;

u=u® ;jv= wv' ,i. e. the usual scalar product.

2) TENSOR O VECTOR
There are two possible contractions, both producing a vector and corresponding to the
matrix — vector or vector — matrix multiplying.
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Given A€ L,, Az(aij) :v=,v9,..,v, ) . Then :

i,j=ln’

a1;V;
ayv; "

(23) T=40 ,v= = Av; A O ;v =(a; V), ajpVy s tiyvy )=V A .
iV j

3) TENSOR O TENSOR
a) There are two possible contractions of two tensors of order two, both producing a tensor of
order two, following the matrix-matrix scheme.

Given A,Bery, A=(az}B =(by )i, jsk, =1Ln.

a;bj a;by
@) T=40 B=AB=| .. . . [T=(T,)siT;=ayby.
ayb, .. ayb,
apby ... ayb,,
Analogically 7T=40,B =
apby, ... a,by,

We notice that : 4O ;B = BtOjA.
b) The contraction of a tensor of order three with a vector is a tensor of order two. As there
are three possible indexes after we can add, we get three possible contractions.
Given DeL D:(D~~ }i 'k=ﬁv=(v V9,V ). Then
3, ijk > J» » 1, 15V255Vy ) «
25 T=DO,v=UU={Uy)Uy =Dy
T=DO ,v="V =y )Vy =Dy,
T=DOv=WW=[W;)W; =Dy
In order to obtain the contraction of a tensor of order three with a vector, concerning an
index /, we establish one of the indexes i, j, k£ (different from /) and we multiply the level
matrixes in the 3D-matrix, in the same direction as the vector. In this way, we get ne vectors
which are the columns of the wanted tensor matrix. Consequently, two contraction methods

appear. For the contraction © ; we have the following situations:

1) We establish the index j and we use the notation D/ in order to show a level matrix in j
direction. Then 7=D O ;v = (va)j = (Dijkvi )j,kzﬁ .
2) We establish the index &k and we obtain :
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k
TZDOI'VZ(D V) :(Dykvi)j,kzﬁ

Analogically, we treat O ;, O .

c) The contractin of a tensor of order three with a tensor of order two is a tensor of order
three. Here, we also have three types of indexes which can be added, giing three possible

contractions.
Given Dely,D=(Dy } decy, A=(ay) i.jk,l=1n
(26) TZDOZAZ(T]J](),T]J]( =Dl~jkal~l

T=DO ;A=(Tyy ) Ty = Dyxa i

T=DO, A=(T; )Ty = Dyjay

To obtain the contraction of a tensor of order three with a tensor of order two,
concerning an index / , we establish one of the indexes i, j, k (different from /) and we
multiply all the level matrixes in the 3D-matrix, in the same direction as the second matrix.

This produces new matrixes which are introduced in the level matrixes, in the chosen

direction, forming the 3D-matrix. Here too there are two contraction methods.

For the contraction © ; we have :

1) We establish the index j and we use the notation D/ for a level matrix in direction j. We

get: T=DO; A= (DjA)j - (Dyai)

jok,1=1,n

2) We establish the index &k and we obtain :

T=DO,A= (DkA)k - (Dyai)

jkd=Ln’
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Algorithm for Modeling the Thermo-Mechanical Field Dynamics, Based on
B-Spline Functions, with Application to Machining System

ABSTRACT

Manufacturing systems adaptive control, having as final purpose products
fabrication in conditions of maximum efficiency and by respecting required
quality (precision) specifications, can be done only by permanently
identifying these systems. Manufacturing systems identification is realized,
in fact, by identifying characteristic fields. Because process conditions
continuously change during manufacturing, it appears the necessity of
modeling system dynamics. This paper presents a specific tool, designed to
enable manufacturing systems thermo-mechanical fields dynamics
modeling, based on B-spline functions. A numerical application, in the
case of a lathe vibrations field is also presented.

Keywords: thermo-mechanical fields, dynamics, modeling algorithm,
B-spline functions.

In dedicated literature, concerning
1. Introduction technological systems identification, there are
presented different types of characteristic fields
models, analytical (based on laws governing the
involved phenomena) or numerical (built-on by
using the Finite Elements Method, the Element-
Free Galerkin Method or Hybrid Neural-Fuzzy
methods).

Although the influence of thermo-
mechanical fields, generated by manufacturing
processes, onto manufacturing precision is
analyzed and different methods to calculate and
compensate the errors (in concrete situations)
are suggested, an exhaustive approach on
manufacturing systems characteristic fields
dynamics modeling, with general character,
cannot be found and neither a specific
mathematical tool dedicated to it.

From upper exposed arguments, it
appears the necessity and the utility of
conceiving a specific tool to allow
manufacturing  systems  thermo-mechanical
fields and their dynamics modeling; together to
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Manufacturing systems adaptive control, having
as final purpose products fabrication in
conditions of maximum efficiency and by
respecting required quality (precision)
specifications, can be done only by permanently
identifying these systems.

Manufacturing systems identification is
realized, in fact, by identifying their
characteristic fields, no matter if talking about
geometric fields (manufacturing errors field),
mechanical fields (forces, stresses or strains) or
thermic fields; these fields identification is
grounded on mathematical models.

Having in view that, during the
manufacturing process, its evolving conditions
permanently change, it appears the necessity of
modeling not only the characteristic fields, but
also theirs dynamics.
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“on-machine” measuring techniques this will
lead to an efficient adaptive control of
mechanical manufacturing processes.

2. B-Spline functions

A B-spline function is a polynomial segmental
function, which can be expressed by using a
basic set of functions (N, (¢)) on each interval,
referred to a set of nods.

Basic functions are chosen on such a
manner as the number of backing intervals is as
smaller as possible and the modification of a
node position implies changes concerning only
its neighborhood.

The set of k+1 consecutive intervals on
which a k-order B-spline function is not null is
considered as its support.

Basic  B-spline functions can be
iteratively generated as it follows:

Leelt t,,)
N. =

o (t) {O, in other cases. ()
-1,

Ni,k(t)z—Ni,k—l(t)Jr
ti+k—1 - ti
.y (2)
T A
ti+k - ti+1 Y

By using basic B-spline functions, a
k-order B-spline function can be written as

fe)= id,-N,-,k (), (3)

on (t,- )l.:m set of nods.

This sum calculus can be efficiently done
by using the iterative relation (2), which
enables to express f(z) relative to basic B-spline
functions, having an order smaller by one. This
is further leading to the possibility of
elaborating an algorithm to be used when
calculating the coefficients vector to evaluate a
B-spline function value, depending on its initial
control points.

3. Algorithm for Modeling Thermo-
Mechanical Fields Dynamics

Let’s considering a certain type of thermic or
mechanical field, characterized by a function
defined on a 3-D domain, f = f(x,»,z). We also
suppose that f function values can be measured
in a great number of points, N, owning to its
definition domain.

Our final purpose is to find an algorithm
for characterizing considered field dynamics,
by monitoring the values of f function in only a
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few (n) points, conveniently chosen from all N
points (from practical reasons, it is very
difficult to realize too many measurements
during a certain manufacturing process).

From the very beginning we assume that
considered field has a coherent evolution in
time [1] — its values may change, but its map
keeps the same general pattern.

A four-steps algorithm is further
suggested, to solve the enounced problem.

1. The values of f function are measured in
all N points, both in the initial and in the final
stage of a certain process.

2. A difference function, A4f, is calculated

Af(x,y,z)zff(x,y,z)—ﬁ(x,y,z), (4)
where f; gives the final stage values and f; — the
initial stage values.

3. The difference function is modeled on
entire domain, by using B-spline functions and
by considering its values in only n points; the n
points are chosen among all N points by using
genetic algorithms to find which of them have
the greatest influence when characterizing field
dynamics.

4. To find the estimated values of f function
into the final stage, the modeled difference
function values are added to f initial stage
values, in every point from all N considered,

freyz)=fileyz)+ A f(x0,2), 5

where A4"f is the function obtained by modeling
with B-spline functions.

To evaluate the quality of considered
field dynamics modeling, a comparison between
Jr calculated and f; measured values should be
done.

4. Numerical Application to a
Machining System

The upper presented algorithm was applied to
do a SNB 360 lathe vibrations field dynamics
modeling. The vibrations were generating by
rotating an eccentric body fixed into the self-
centering chuck.

To obtain the input data for starting
vibration field dynamics modeling, vibrations
amplitude was measured in N = 53 points from
lathe frontal surface (considered as xz plain),
chosen on such a manner as all significant
zones were considered (fig.1); these points
disposition was as it follows:

1...25 — on headstock 1;

26 — on lathe tool holder 2;

27, 28 — on tool holder slide 3;
29...32 — on longitudinal slide 4;
33, 34 — on tailstock 5;

YVVVYVY
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» 35...42 — on anterior longitudinal guide
way;

» 43..50 — on bed 6, under anterior
longitudinal guide way;

» 51...53 — on bed 6, on lathe stand 7.

The measurements were done by using a

Raport in extenso pentru etapa unica 2008

» measuring temperature: between -50 ...
+120 °C;
» dynamics measuring range: > 80 dB.
More measurements series were done: the
first one, considered as reference stage, for
spindle 600 rot/min rotation speed and a certain

X Viber type device, with piezoelectric eccentricity of the body, e (f1(x,z), tab.1). Then,
transducer, having the following main  vibrations frequency was modified, by changing
characteristics: spindle rotation speed to 800 and 1000 rot/min
» sensitivity: 100 mV/g; (f2(x,z) and f3(x,z), tab.l). Finally, the
» frequency range: 1 — 10,000 Hz; amplitude of excitation force was modified by
» resonance frequency: 23,000 Hz; changing rotated body eccentricity to 2e and 3e
(f4(x,z) and f5(x,z), tab.1).
1 4 3 6 5
\
x  x ox__x ﬂ — :H;
X X X X ! x x
x X x x x x x x x x \x x x
x X x x x x x x x x x x x
7
x x X x x x x
x
/
Fig.1 — Measuring points disposition
Tab. 2
Point X z fi(x,z) fu(x,z) f3(x,2) fu(x,z2) fs5(x,2)
No. |[em] f[em] | [wm] [um] ([wm] [pm] [pm]
1 20 90 28 39 32 36 44
2 35 90 30 38 30 35 41
3 50 90 27 35 30 31 37
4 65 90 24 30 29 29 35
5 20 75 26 37 31 32 41
6 35 75 25 33 32 30 36
7 50 75 26 32 31 30 37
8 65 75 23 28 30 30 32
9 20 60 25 35 31 29 35
10 35 60 25 33 30 29 35
11 50 60 24 32 31 27 37
12 65 60 22 28 29 28 34
13 20 45 24 35 30 28 34
14 35 45 24 33 32 29 34
15 50 45 23 31 30 27 33
16 65 45 21 27 30 25 31
17 20 30 23 35 29 27 34
18 35 30 22 33 31 26 32
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19 50 30 21 29 30 24 30
20 65 30 19 28 31 23 29
21 5 15 23 36 31 29 34
22 20 15 24 34 30 29 33
23 35 15 22 30 29 24 30
24 50 15 20 28 30 23 29
25 65 15 19 28 29 24 29
26 115 90 19 22 33 22 27
27 115 75 19 24 32 21 25
28 130 75 17 23 39 24 26
29 115 60 19 22 32 21 28
30 130 60 18 20 33 19 28
31 115 45 17 21 32 19 25
32 130 45 15 19 31 20 22
33 145 90 17 21 36 20 24
34 160 90 15 21 36 18 21
35 85 60 21 26 32 25 30
36 100 60 19 23 30 22 28
37 145 60 15 20 33 20 22
38 160 60 14 19 33 18 20
39 175 60 12 18 34 15 17
40 190 60 10 17 33 13 15
41 205 60 7 18 36 10 13
42 220 60 7 22 37 8 10
43 85 45 18 23 29 22 25
44 100 45 17 21 30 21 25
45 145 45 13 17 31 15 19
46 160 45 11 16 31 13 19
47 175 45 10 17 30 13 15
48 190 45 10 17 32 11 12
49 205 45 7 17 34 9 12
50 220 45 6 18 31 7 8
51 205 30 6 15 28 8 9
52 220 30 5 19 31 5 7
53 210 15 5 15 26 6 6

Like upper explained, the difference
functions were, then, calculated:

A (x2)= fi(x2) - fi(x,2), i=2..5. (6)
The four difference functions were
modeled by using B-splines, first based on
values from n; = 25 selected points (fig.2...5),
then based on only n, = 5 selected points.

Fig.3 — Af;3 model

Fig.2 — Af;; model
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Fig.5 — Af;s model

It is very important to observe if the
points chosen by genetic algorithm as best
characterizing vibrations field dynamics are
(more or less) the same; if the points are quite
the same, it means that the manufacturing
process can be monitored by making
measurements in only a few points.

The positions of chosen points, among all

53 measurement points, when using n = 25
points are shown in Fig.6.
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d)

Fig.6 — The points chosen by genetic algorithm
to oo Af;; functions modeling:
a- Aﬁg,’ b- Aﬁj,’ Cc- Aﬁ4,’ d- Aﬁ5

The comparison between vibrations real
field, found by measurements and its modeled
image (obtained by summing modeled
difference function values to the ones from the
considered reference stage) was done by
calculating the average square deviation
between the measured values and those
obtained through modeling (in the case of each
transition between two stages). The results are
shown in Tab.2.

Tab.2
Standard Deviation
152 1—-3 154 155
25 points | 1.2799 8.9205 0.6133 0.8691
Spoints | 3.5573 11.1588 0.6274 1.1251

5. Conclusions

By carefully analyzing the results obtained
when doing the upper presented numerical
application, the following main conclusions
may be drawn:

- B-splines functions can be successfully
used to realize manufacturing systems thermo-
mechanical fields and their dynamics modeling;
together to an appropriate graphic soft,
suggestive and useful fields images can be
obtained;

- The methodology imagined to realize
fields’ dynamics modeling is functional; when
using a great-enough number of points to
construct the difference function, results
accuracy is remarkable;

- The results of vibrations field dynamics
modeling are totally different in the two
considered cases modifying vibrations
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frequency versus modifying  vibrations
excitation force amplitude;

- The disposition of points selected by
the genetic algorithm as representative to
realize system dynamics modeling substantially
changed when passing from first to third
oscillation frequency, respect to the transition
from first to second oscillation frequency, in
both cases (n = 25 or n = 5 points). This can be
explained by the fact that one of system’s
critical oscillation frequencies is placed
between the minimum and the maximum of the
frequencies used in the experiment, the
system’s vibration mode considerably changing
(vibrations field is not coherent between the
three stages);

- When only 5 points were used, the error
generated by the suggested modeling algorithm
is relative higher;

- In the case of modeling vibrations field
dynamics at excitation force variation, the
positions of selected points remain the same in
both situations (n = 25 or n = 5 points) and the
precision obtained, even when only 5 points
were considered, is very good.

As final conclusion, the dynamics of
systems characterized by coherent thermo-
mechanical fields can be successfully modeled
by using B-spline functions and by measuring
their values in only a few points.

Further than that, the new imagined
modeling tool, upper presented, together to “on-
machine” measuring techniques (which are
more and more used in modern manufacturing
systems control) could lead to an efficient
adaptive control of mechanical manufacturing

processes. By realizing an  “on-line”

dimensional identification, manufacturing

errors could be reduced to minimum.
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Rezumat

Conducerea adaptivd a sistemelor de prelucrare, avand ca scop final
fabricatia in conditii de eficientd maxima a unor produse care sd satisfaca
cerintele de calitate (precizie) prescrise de proiectant, necesita
identificarea permanentd a acestor sisteme. Identificarea sistemelor de
prelucrare se realizeaza, de fapt, prin identificarea unor campuri
caracteristice, fie ca este vorba de campuri geometrice (campul erorilor de
prelucrare), mecanice (cadmpuri de forte, tensiuni sau deplasdri) sau
termice, iar la baza identificarii cAmpurilor stau modele matematice ale
acestora. Avand in vedere faptul ca, pe parcursul procesului de prelucrare,
conditiile de desfasurare ale acestuia se modifica in mod continuu, pe langa
modelul static al campurilor caracteristice trebuie sa existe si posibilitatea
de modelare a dinamicii cAmpurilor. In lucrarile de specialitate dedicate
identificdrii sistemelor tehnologice, sunt prezentate diferite tipuri de
modele, analitice sau numerice. Desi influenta cAmpurilor termo-mecanice,
generate de procesele de prelucrare, asupra preciziei de prelucrare este
analizatd si se propun diferite modele care sa permitd calculul si
compensarea erorilor de prelucrare (pentru diferite cazuri concrete), nu
existd o abordare exhaustivd, cu caracter general, asupra modelarii
dinamicii acestor campuri $i nici vreun produs matematic special dedicat
acestei modeldri. Lucrarea de fata propune un instrument specific, care sa
permitd modelarea cAmpurilor termo-mecanice ale sistemelor de prelucrare
si a dinamicii acestora si care, asociat cu tehnicile de masurare ,,on-
machine”, sd permitd o conducere adaptiva, eficientd, a proceselor de
prelucrare mecanica. O aplicatie numerica elocventa, referitoare la campul
vibratiilor unui strung, este, de asemenea, prezentata.

Résumé

La commande adaptive des systémes d’usinage mécanique, ayant comme
but final la production en conditions d’efficience maximisée et de qualité
nécessite 1’identification continue de ces systeémes. L’identification des
systémes d’usinage se fait, en effet, par 1’identification des champs
caractéristiques, soit qu’il s’agit de champs géométriques, mécaniques ou
thermiques. En tenant compte que durant le processus de fabrication les
conditions de déroulement se changent en permanence, il est nécessaire un
instrument qui peut réaliser la modélisation de la dynamique de ces
champs. Ce papier propose un tel instrument, lequel, associe a des
techniques de mesure «on-machine», permettra la commande adaptive,
efficiente, des processus de fabrication mécanique. Une application
numérique éloquente, concernant les champs de vibrations d’un tour, est
aussi exposée.
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Coherence of Reconfigurable Manufacturing Systems
Thermo-Mechanical Fields

Ton Lixandru, Alexandru Epureanu, Gabriel Frumusanu,
Marian Viorel Craciun

“Dunarea de Jos” University of Galati

ABSTRACT

The quality of surfaces generated on RMS as well as dimensional and
geometrical precision of manufactured pieces is closely tied to the
possibility of controlling, in real time, the manufacturing process. To do
such a thing, it is necessary to have precise information concerning the
manufacturing system fields. Because we aren’t able to measure specific
parameters values in every point of these fields, we are looking for the
possibility of finding functions of field-variable to realize manufacturing
fields’ accurate modeling. An important fields’ property that could ease
their modeling is the coherence. This paper suggests a tool to investigate a
certain field coherence, simple but effective, to further enable its
appropriate modeling.

Keywords: RMS fields, coherence, modeling, approximation functions.

1. Reconfigurable Manufacturing |

Systems Fields tool device
tool

A certain reconfigurable manufacturing system

(RMS) may be defined as an ensemble with bs e piece

hard and soft components, conceived on such a gf\z:e

manner as it can be used to transform a worked | machine-

piece into a finite one. The hard components are I" tool

connected between them such as to form an

open frame having at its extremities the tool

and the worked piece (Fig.1).
P (Fig.1) Fig.1 — RMS Hard Components Structure

A mechanical or thermal nature
interaction appears between tool and piece,
whose effect is the manufacturing process; its
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consequences are the modifications of worked
piece shape, dimensions or properties such as to
meet finite product specifications. A RMS
conceptual scheme, where major interactions
between system components are highlighted is
presented in Fig.2.

Process PROCESS Performance
parameters indicators
- 1 ——
|/ >
iy tII
delay
System
Response (thermal, Structure Solicitation

mechanical deformations) (thermal, mechanical)

Fig.2 — RMS Conceptual Scheme

At conceptual level, any manufacturing
system may be considered as having two
components among which specific connections
establish; these components are:

- The manufacturing process;

- The system structure.

The manufacturing process has at its
input process parameters as cutting speed, v,
cutting depth, ¢ and at its output both
performance indicators (precision, surface
roughness, price, productivity) and structure
solicitations (elastic or thermal deformations,
wearing etc.). Structure response turns back at
process input twice:

- At solicitation moment;

- After a certain time delay from solicitation
moment.

The solicitation of manufacturing system
structure involves the installation of some
specific fields, which will be further named
manufacturing system fields. For example, the
thermal field, generated because the energy
used during the process is transformed in heat
and modifies the temperature in different
structure points. Another example is structure
deformation, meaning that each structure point
moves respect to its initial position, generating
the displacements field.

The interaction between tool and worked
piece is the source (direct or indirect) of three
types of fields:

- Mechanical fields: forces field,
displacements field, tensions field, mechanical
receptances field;

- Geometrical fields: worked piece errors
field, system errors field, process errors field,
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product errors field, manufacturing precision
field;

- Thermal fields: system thermal field,
thermal deformations field, thermal receptances
field.

2. Evaluation of Thermo-Mechanical
Fields Coherence

The quality of surfaces generated on RMS as
well as dimensional and geometrical precision
of manufactured pieces is closely tied to the
possibility of controlling, in real time, the
manufacturing process. To do such a thing, it is
necessary to have precise information
concerning the manufacturing system fields.

Because we aren’t able to measure
specific parameters values in every point of
these fields, we are looking for the possibility
of finding functions of field-variable to realize
manufacturing fields’ accurate modeling. An
important fields’ property that could ease their
modeling is the coherence.

By field coherence we mean that if to a
field, having a certain map, we apply a
perturbation, the general aspect of the map
doesn’t change. More specific, the thermo-
mechanical field characterizing a RMS, at a
certain moment, is considered coherent if being
influenced by an additional quantity of heat
coming from the cutting process, the hottest
points from the field remain the hottest and the
coldest remain the coldest (of course at another
level and perhaps, at another ratio between
them).

To evaluate RMS thermo-mechanical
field coherence, the following methodology was
imagined:

a. The values of a manufacturing process
characteristic parameter, also in connection
with RMS thermo-mechanical field, are
measured in a number of points.

b. A set of interpolation functions to
approximate the variation, in the field, of
chosen characteristic parameter is determined,
based on values measured before.

c. An additional solicitation, following a
known law (linear or harmonic), is applied to
RMS.

d. A new set of interpolation functions is
determined, under the new conditions.

e. A thoroughly comparison between the two
sets of interpolation functions is made, in order
to reveal if their modification is relative similar
to solicitation modification; if the answer is
affirmative, we could conclude that the
analyzed field is coherent.
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3. Example of Application

To validate the upper-suggested algorithm, a
simple application was considered. A file
containing manufacturing errors, due to the
effect of the manufacturing process thermo-
mechanical field, measured along a certain
direction, in 200 points is analyzed. Its
graphical representation is shown in Fig. 3.

1.4
1.2

1
0.8
0.6
0.4

0.2

0

1 13 25 37 49 61 73 85 97 109121133 145 157 169 181 193

Fig.3 — Manufacturing Errors Evolution along
the Chosen Direction

Then we simulate the addition to the
manufacturing  process  normal  thermo-
mechanical field of a supplementary field, with
known variation,

Linear, y=i-m+n,or (1)

Si idal y=asin [ 2)
inusoidal, = —,
200

where i means current point order number,
i 1 200, m, n and a being constants
concerning straight line (1) direction respective
sinusoidal curve (2) amplitude. Graphical
representations of manufacturing errors in these
cases are shown in Fig. 4 (linear supplementary

field) and 5 (sinusoidal supplementary field.
1.4

1.2

1

0.8

0.6

0.4

0.2

0

1

14 27 40 53 66 79 92 105 118 131 144 157 170 183 196

a)m=0.1,n=0
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1 14 27 40 53 66 79 92 105 118 131 144 157 170 183 196

by m=0.2,n=0

25

0.5

0

1 14 27 40 53 66 79 92 105 118 131 144 157 170 183 196

c)m=05n=0
Fig.4 — Addition of Linear Supplementary Field

In each of presented cases, the evolution
of manufacturing errors field was modeled by
approximating through a system of 3™ degree
functions.

First of all, the evolution curve was
divided into a number of segments, each one
including 7 ... 12 points, on such a manner as
each segment should be as similar as possible to
the general image of a 3" degree function
graphic; 22 segments were obtained. This
division was kept the same in each different
curve case.

1.6

1.4
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1
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0.6
0.4
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a) a=0.2
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c)a=0.6

Fig.5 — Addition of Sinusoidal
Supplementary Field

Then, each segment was replaced by a 3™
degree function,
f=a,x’ +a,x’ +ax+a,, (3)
chosen by imposing it to pass through two of
curve segment points and to have minimum
medium squared deviation respect to the rest of
segment points.
In Fig. 6 is shown an example of such
approximation functions, determined in the case
of two consecutive curve segments.

Fig.5 — Manufacturing Errors Curve
Substitution by using 3™ Degree
Polynomial Functions

In Tab.l is presented a0 coefficients
evolution, in the case of curves shown in Fig. 3,
and in Tab.2, same coefficients evolution, in
the case of curves from Fig.4.

By thoroughly examining the results from
Tab.1, it is obvious that between linear
additional field inclination and a, values there
is a close connection: when angular coefficient
m increases, ay also increases; more than that, if
m growing increment is higher, a, growing
increment is also higher.

The values presented in Tab.2 are leading
to similar conclusions, but now we are looking
for a similarity between sinusoidal additional
field amplitude, @, and a, coefficient
magnitude. The similarity exists and goes
further than a simple correspondence between
increasing or decreasing tendencies. At the
curve extremities segments, the effect of the
additional field is smaller than in the case of
the middle segments; a, coefficients are also
less changing if passing from a case to another
at the extremities and more changing at the
middle of the substituted curve.

We can now affirm, having in view the
criterion upper suggested to evaluate thermo-
mechanical fields coherence, that the
manufacturing errors field considered in this
example is coherent.

By considering the results of the upper
presented example and also the results from

other fields analyzed, we can draw the
following conclusions:
Table 1
Segment ao
Crt. No. m=0.1 m=0.2 m=0.5
1 0.753259  0.753259 0.753259
2 1.336760 1.345760 1.372760
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3 0.616744  0.634744 0.688744
4 1.375328 1.402328 1.483328
5 0.621303  0.657303 0.765303
6 1.344929  1.388929 1.520929
7 0.960907  1.013907 1.172907
8 1.256487  1.320487 1.512487
9 0.572965  0.644965 0.860965
10 1.373916  1.454916 1.697916
11 0.491832  0.581832 0.851832
12 1.384882  1.483882 1.780882
13 0.787696  0.894696 1.215696
14 1.391646  1.509646 1.863646
15 0.805707  0.930707 1.305707
16 1.473929  1.608929 2.013929
17 0.823241  0.966241 1.395241
18 1.440999  1.591999 2.044999
19 1.115919  1.274919 1.751919
20 1.381350  1.557350 2.085350
21 1.212697  1.396697 1.948697
22 1.442270  1.635270 2.214270
Table 2
Segment a,
Crt. No. a=0.2 a=0.4 a=0.6
1 0.753168 0.753294 0.753170
2 1.355945 1.384136 1.412362
3 0.654509 0.710312 0.766076
4 1.430704 1.512885 1.595261
5 0.692435 0.799641 0.906715
6 1.428421 1.555984 1.683465
7 1.055813 1.203639 1.351735
8 1.361311 1.530263 1.699122
9 0.681915 0.862939 1.043756
10 1.484145 1.675225 1.866481
11 0.599375 0.796918 0.994389
12 1.485848 1.685814 1.885828
13 0.879454 1.078198 1.277103
14 1.465817 1.657766 1.849858
15 0.865528 1.050284 1.235127
16 1.509520 1.679961 1.850552
17 0.836333 0.992400 1.148484
18 1.429126 1.568356 1.707450
19 1.077058 1.197073 1.317208
20 1.278993 1.352590 1.426232
21 1.078444 1.128198 1.177933
22 1.271102 1.293096 1.315101
4. Conclusions
First of all we must highlight that an

instrument, simple but effective, to evaluate
fields (generally speaking) and especially RMS
thermo-mechanical fields coherence. This
instrument was imagined in order to facilitate
the modeling of manufacturing systems fields
dynamics. By measuring a field specific
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parameter values in a certain number of points
(not very large), with a certain time step, we
could have a consistent and precise enough
information about field dynamics. Thus, it will
become possible to control, in real time, the
manufacturing process, with direct application
in manufacturing process stability control. The
ultimate aim is a complete exploitation of
Reconfigurable Manufacturing Systems
resources of productivity, by working with
cutting regimes more intense, to the limit of
stability domain.
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Rezumat

Atat calitatea suprafetelor generate cu ajutorul sistemelor de fabricatie
reconfigurabile, cdt si precizia geometricd si dimensionald a pieselor
prelucrate sunt strans legate de posibilitatea de a controla, in timp real,
procesul de prelucrare. Pentru a indeplini un astfel de obiectiv, sunt
necesare informatii precise referitoare la campurile sistemului de
prelucrare. Deoarece nu este posibild masurarea valorilor parametrilor
specifici in toate punctele acestor cdmpuri, ar fi utila evidentierea unor
functii de variabild — camp, care sd permitd modelarea precisd a cAmpurilor
sistemului de prelucrare. O proprietate importantd a campurilor, care
faciliteaza modelarea acestora, este coerenta. Lucrarea de fatda sugereaza un
instrument simplu si eficient, posibil de utilizat pentru evaluarea coerentei
unui cadmp, in vederea unei modeldri ulterioare corecte.

Résumé

La qualité des surfaces générées a 1’aide des systémes de fabrication
reconfigurables, en méme temps avec la précision géométrique et
dimensionale des piéces obtenues sont directement liées de la possibilité de
contrdler, en temps réel, le processus d’usinage. Pour accomplir tel un
objectif, ils sont nécessaires des informations précises concernant les
champs du systéme d’usinage. Parce’ qu’il n’est pas possible de mesurer
les valeurs des paramétres spécifiques dans tous les points de ce champs, il
sera utile de mettre en évidence certaines fonctions de variable — champ,
pour permettre la modélisation précise des champs du systéme d’usinage.
Une propriété remarquable des champs, qui peut faciliter leur modélisation,
c’est la cohérence. Ce papier sugere un instrument simple et efficient,
possible d’étre utilise pour 1’évaluation de la cohérence d’un certain
champ, qui permettra ainsi une modélisation ultérieure appropriée.
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Conceiving of a high level language for programming of the
machine reconfiguration and part machining dedicated to the
new reconfigurable machine-tools generation

Marin F.B., Epureanu A., Marinescu V., Banu M., Constantin 1.

“Dunarea de Jos” University of Galati

ABSTRACT

This paper is proposing a new approach of the RMT (Reconfigurable
Machine Tool) programming. The approach is based on a new control
architecture characterized by high level of reconfigurability. The
programming consist in the building of two documents: i) machine-
program, concerning machine reconfiguration phase and ii) part-program,
concerning the programming of the machine to process a specific part. A
visual language architecture is proposed for the two documents, allowing a
fast programming and a fine-grain control. This visual language is
replacing the traditional G-code. In addition, the language allows the
programming of the machine hardware reconfiguration, according to the
current part family to be processed.

Keywords: Reconfigurable machine tool, CAM software, numerical control

reconfiguration, CNC programming.

1. Introduction

Nowadays, companies building
manufacturing machines must face fast changes
happening on technical, commercial and
economical fields. These emerging evolutions

includes economy globalization,
individualization of needs, capital
dynamization, generating high requirements
concerning investment efficiency and high

versatility of the small companies. At the time,
the companies responses to these changes are
based on the idea of extending some of the
architectural characteristics of the classic
manufacturing system to become more
reconfigurable. Whereas Dedicated
Manufacturing Systems (DMSs) have been
designed to produce a specific part and
Flexible Manufacturing Systems (FMSs) are

designed to accommodate a large variety of
parts even though the parts are not specified at
the system design stage, the Reconfigurable
Machine Tools (RMTs) combine the
advantages of DMSs and FMSs providing an
suitable solution [1][2]. These machine tools
are designed to be adapted for the mixed
products and variable volume demands. The
reconfigurable machine is conceived to be build

using standard and inter-operable components,
including “plug-and-play” hardware modules
and universal fixtures and tools assembled into
arbitrary architecture with needed degrees of
freedom.. The issues involved in the
reconfiguration process are represented by:

- hardware modules reconfiguration;
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- software reconfiguration (both
programming and control).
The modeling algorithms of the

reconfigurable machine kinematics need to be
developed. These algorithms are the basis for
the control and simulation of reconfigurable
machine tool. By simulation of the hardware
and control architecture, it is assured the
optimal configuration for the new reconfigured
machine.

The concepts of the control paradigms,
such as holonic manufacturing, bionic
manufacturing [2], fractal companies [1], are
proposed for the next-generation manufacturing
systems. So far that concern the control
concept, it was proposed a software architecture
based on a combination of object-oriented
models and executable formal specifications
[13]. As the authors present, in its proposed
architecture the machine tool control software
is composed of a set of reusable software
components. Each component is modeled using
a set of event-based external interfaces, a
control logic driver for execution of behavioral
specifications, and a set of service protocols for
platform adaptation. The entire software
behaviour can be viewed as an integration of
behaviors of components.

In response to such challenges, various
efforts have been made, such as Open Modular

Architecture Controllers (OMAC)[11], Open
System  Architecture for Controls within
Automation Systems (OSACA) [12], Open

System Environment for Controllers (OSEC),
Hierarchical Open Architecture Multi-processor
for CNC (HOAM-CNC), Open Architecture
Controller (UMOAC) etc. The common
approach in these researches is the adoption of
an open, modular architecture to promote
interoperation [13].

Traditionally, CAM has been considered
as an NC programming tool used to generate
CNC program (commonly G-code) to drive
numerical controlled machine tools. Most of
current numerical control systems adopt a
architecture as described in Fig.l. A computer
system, which is usually a general-purposed
personal computer (PC) or another kind of a
computer, is chosen as the NC core system
platform. Human interface software includes
functions such as NC code editing and
decoding. Functions such as interpolation and
control, cutter radius compensation, general 1/O
or logic control, servo control, etc., are
implemented in several controllers (such as
PLC - Programmable Logic Controller).
Consequently, the controllers are managing
commands towards variators to control motors
and to read data from
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SE€Nnsors.
Machining Process
Oparation parameters
descriiliun
G-CODE Industrial
CAD CAM \‘ FC
E=
Controller
y
Motor axis Matar axis a
3 2 Mator axis n

Fig.1 Present CNC control architecture

Hardware reconfiguration means the
building of a new machine using the hardware
modules to process a new part-family. It is a
must have to develop architectures and
techniques concerning software
reconfigurability to provide short ramp-up time.

The issue of reconfiguring the machine in
a new architecture involves great challenges so
far that concern the control and programming.
The time needed for reconfiguring the control
needs to be as limited as possible, otherwise the
advantages of the RMT concept will vanish.

The nowadays CAD/CAM system are
inappropriate for the concept of RMT. Also, the
actual common G-code language for CNC
programming is not suitable for programming
RMT.

Several disadvantages as long path
addressing, ambiguous semantics in some cases,
vendor-specific extensions, difficulty of the in-
process changes, use of specific post-
processors, are just a few to note.

In our previous works
proposed a new control and hardware
architecture  to  satisfy  reconfigurability
requirements. The objective of this paper is to
develop a high level language to describe the
hardware reconfiguration, and secondly to
describe the machine workcycle, specific for a
given part.

The language will be used to build the
two technological documents namely 1)
machine-program, concerning machine
reconfiguration phase and 1ii) part-program,
concerning the programming of the machine to
process a specific part.

[15][16] we
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The remainder of the paper is organized
as it follows. In Section 2 it is compared the
traditional and the new proposed control and
hardware architecture. In Section 3 it is
presented the proposed programming language

Finally section 4 gives conclusions of
this investigation.

2. The new control and hardware
architecture to which the proposed
language is dedicated.

According to our approach a bus is handling
communication for all modules [ Fig.3]. Also,
compared to today’s fieldbus architecture, the
hardware modules have close-loops control
represented by integrated controller able to
communicate with industrial computer. The
information sent to hardware module is
represented by the required position of the
hardware module only. Moreover, if a
hardware module has specific sensors besides
position control of its movement, this is
handled by the integrated controller on the
hardware module.

Configuration and
operation phases

programming Part program

‘ CAD > CAM Industrial

Y' /:PC

Machine program
Programmer
(Prog ) Module 1
Data communication bus

B Module 2
Hardware S|
module I

Module 3
~| Sensors
ey -
Controller i
| —— ,”

Module 3| |.-

Fig. 2. The proposed control architecture

Hardware modules, as seen in Fig.3, are
composed of efector, sensors and motor, which
are controlled by the controller embedded on
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the module. The controller is controlling the
hardware module only. Compared with
nowadays CNC architecture, where the PLC
controller is handling simultaneously motors
control and different sensors in the system, the
embedded controller is handling only the
hardware module. This  controller  is
communicating with the PC using a common
bus for all hardware modules. The PC is
running several independent operating system
processes that are controlling the hardware
modules by communicating to embedded
controller.

Sensor

Databus | (———" (———

Efector

Motor

Machine Holon

Power source

Fig. 3. Generic holon architecture

Compared to nowadays CAM architecture, the
proposed adaptive-CAM (A-CAM) is not
providing source code (G-code) to be
interpreted and executed by machine, but an
information package to describe the machine
configuration and operation phases. Whereas
present CAD/CAM software outputs source
code describing geometric path, and none or
few information concerning machining
parameters (such as federate), our A-CAM
architecture is providing the parametric
algorithm of control variables online
scheduling.

This algorithm is run in RSU (Reactive
Scheduling Unit) [Fig.4]. Whereas in the
process design phase the algorithm is run with
nominal values of its parameters algorithm
constants, on the machine is running with
updated values of algorithm parameters.
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CNC machine programming

Manufacturing §
process g
Part plan £ -
X Finished
design W IS Modular part
[ CAD HCAPPH CAM J CNC hardware —
- 8 &0 structure
Design Planning Programming o
U]
T Tool offset
Engineering [
o] i
l £ pzra ion
§u Rough
s 9 art
3
Pa_rt B g
design TR 5 ‘ Reactive S Modular
CAD CAPP scheduling hardware
CAM - Finished
unit structure part
Algorithm
Sensors
parameters R
updated On"r_.le data
values learning
system

Reconfigurable machine programming

Fig. 4.The proposed versus present CAPP/CAD/CAM/CNC architecture

3.The proposed programming language

Machine programming according to the new
view is concerning of two distinctive phases of
machine existence. Corresponding with the
building the new machine phase using the
hardware modules, in order to process a part
family; it is the machine-program.

Similarly, corresponding to part processing
phase, it is the part-program. As described in
Fig.5 both programs are developed in a visual
environment allowing easy programming.

Using solid model in a 3D virtual environment
the programmer builds using different modules
the kinematic model of the machine (machine-
program) and than, after a virtual machine is
build, the programmer describe the trajectories
to process the part (part-program). In order to
build the part-program the programmer describe
each part of the trajectory with the some
technical requirements (called task according to
our approach) and virtually move the machine
parts to execute each task. This way, it is tested
collision issues and the part is virtually
processed.

The hardware configuration unit (Fig. 5) is the
software module to be used for machine-
program developing, whereas software product
running unit is the software module used to
develop part-program.

Machine program

Data processing algorithm to build machine-program
is composed of several phases to be performed by
programmer as described bellow:

1) Imports part CAD model to be processed.

2) Divide tool trajectory in several parts. According
to the proposed approach these parts are the tasks to
be accomplished.

3) Imports different hardware CAD models and tries
different configurations by simulating trajectories
implies in part-processing.

4)Choose those modules that allow every task
accomplishment.

Machine-program comprises of several information
sets ( Fig. 6) as it follows:
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Unit for

Visual language for hardware
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configuration
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g
running

product
running

Part
program

l Design phase

I
L
|
Y

Logic control
unit

[ Operation phase

csy Updated
list schedulling

parameters
Medule 1| | Module 1

Module 1

RMT
machine

Fig. 5 Machine — program and part program

1) script program, which is generated automatically
by visual programming environment used by
programmer to simulate and chose machine hardware
configuration. Also to the scripting program is
included:

ii) digital image of machine hardware configuration,
representing  information  concerning  fixturing
information for an easy understanding by operators
assembling new machine.

iii) module list to be used and their characteristics.
Building the part-program implies knowing the
geometric and kinematics characteristics of every
module (maximum feed rate, maximum momentum
of the motor). Bellow is given an example for the
script image to be generated in the visual
environment:

WorldReference(X,Y,Z)

Set.Module23.At(X,Y);
Set.Module45.0n.Module23.At(X,Y);
Set.Module98.At(X,Y);
Set.Module45.0n.Module98.At(X,Y).Angle(FX
).CW

Machine
program

/ ‘ \

Module list and Digital representation of
its animation for fixturing
characteristics process

Script
configuration

Fig. 6 The machine-program
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Part-program

After building the machine-program it is
necessary to build part-program which consists
in the following steps ( Fig.9):

1) Imports machine-program, describing the
current machine configuration.

2) Imports CAD model of the blank and divide
the trajectory in several parts, defining in this
manner the tasks.

3) Inputs nominal CAD of finished part

4) Inputs for each task the requirements
imposed to the finished part for every surface
that is describing each task (requirements such
as roughness and tolerance).

5) Inputs blank material characteristics.

6) Imports CAD model of the tool.

7) Tests and simulates process, considering
blank profile nominal CAD model (during
processing, the blank is measured on machine).
This testing aims to identify successive tasks to
avoid collision issue and to find suitable tools
for the current processing.

8) It is build automatically the information
package representing part-program.

The programmer is not inputting the machining
parameters describing the process, but only the
successive tasks and the requirements imposed
to the finished part. The some, he doesn’t
describe the task in a scripting manner, but
describes it in a visual environment, by placing
in a 3D environment the tools in the machine
current hardware configuration, in order to
satisfy collision conditions. Consequently he
fills in for every task defined the requirements
imposed for each surface.

Technological document called part-program is
composed of four digital information. (Fig.7):
CAD file data, script operation image, control
algorithm for each task, visual representation of
fixturing and of the processing.

Part-program
Cad model Scriptic image Coniral algarithm Digital
Finished part of the process Tor each lask representation
of the process
animation,
information for
fixturing

Fig. 7 The part- program

The script image is automatically generated in
the visual environment, and for each task it is
attached to  control software module,
responsible for each task control. The
machining parameters for the operation are
computed in the control module software.
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As shown bellow, the script image comprises
information concerning the task successive
definitions. For instance, in the example given
it is defined Task 1, as the trajectory between
point Pl and P2, with the requirements
represented by the requirement Rz and
tolerance defined by Ts and Ti range. It is also
stated characteristic material MatCh and that of
the tool Tooll. Also, it is stated auxiliary
actions such as fast displacement, starting the
coolant, etc.

Define P1(X,Y,Z)

Define P2(X,Y,Z)

Define P3(X,Y,Z);

FastPos(X,Y,Z)

ChangeTool(Tooll)

StartCoolant
Task1(P1,P2)(Rz,Ts,Ti,MatCh,Tooll)
Task2(P2,P3)(Rz,Ts,Ti,MatCh,Tooll)
Stopcoolant

FastPos(X,Y,Z)

Changetool(Tool2)
Task1(P3,P4)(Rz,Ts,Ti,MatCh,Tooll).

4. Conclusions

A new programming approach is proposed in
this paper to simplify RMT system development
and enhance development ability. To implement
this approach, a new control architecture is
proposed. This architecture is based on the idea
of independent hardware modules, with close
loop control feature, controlled directly by a
PC.

The programming approach is considering two
technological documents: 1) machine-program,
concerning the machine reconfiguration phase
and ii)  part-program, concerning the
programming of the machine to process a
specific part. A visual language architecture is
proposed for building the technological
documents, allowing a fast programming and an
accurate control.

The programming approach proposed can be
implemented successfully to the common CNC
to offer fast programming for part-program.

The new approach proposed for programming
RMT presents several advantages such as: a)
the system is universal, intelligent, autonomous
and has the ability to adapt to changing , b) it
can be used also for programming of other CNC
machining, c¢) it detects collisions of cutting
tool, d) it provide the capability to rapid
programming at each new machine
configuration and offers the capability to a
better process control.

The research team is currently working to
develop the proposed programming approach
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and the initial results show the architecture is
viable.
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Rezumat

Lucrarea propune o noua abordare in ceea ce priveste programarea RMT-
urilor(Reconfigurable Manufacturing Tool). Abordarea se bazeaza pe o noua
arhitectura de control caracterizata printr-un inalt grad de reconfigurabilitate.
Este propusa ideea a doua documente tehnologice i) programul-masina, care
corespunde fazei de reconfigurare si ii) programul-piesa care corespunde fazei de
procesare a unui semifabricat. Doua limbaje vizuale de nivel inalt sunt propuse
pentru a genera cele doua documente, permitand o programarea rapida si un
control precis al procesului.

Résumé

Ce document propose une nouvelle approche pour 1'issue de programmation de
RMT (outil Reconfigurable de fabrication). L'approche est basée sur une nouvelle
architecture de commande caractérisée par la reconfigurabilité élevée. On lui
propose l'idée du machine-programme technologique de deux documents i), au
sujet de la phase de reconfiguration de maschine et ii) du partie-programme, au
sujet de la programmation de la machine de traiter une cloison spécifique. On
propose l'architecture de deux langues visuelle pour les deux documents
technologiques, permettant une programmation rapide et une commande précise..
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Inventii create si inregistrate

1. Metoda de conducere numerica a masinilor unelte reconfigurabile

Rezumat

Inventia se refera la o metoda de conducere dimensionala al proceselor de obtinere a pieselor din
tabla subtire prin deformare plastica la care principala sursa de erori dimensionale este variatia
revenirii elastice, ca urmare a faptului ca semifabricatele au variatii dimensionale, precum si
variatii ale caracteristicilor materialului si ale conditiilor de frecare.

Metoda de conducere dimnesionala, conform inventiei, consta in impartirea cursei poansonului in
doua zone, masurarea fortei de deformare intr-un numar de puncte considerate de referinta si aflate
in prima zona a cursei, zona in care forta de retinere evolueaza dupa o lege considerata de referinta,
compararea valorilor masurate cu valorile nominale si, pe baza diferentei constatate, calculul si
comanda modificarii necesare a fortei de retinere, intr-un numar de puncte considerate de referinta
si aflate in cea de-a doua zona a cursei poansonului, astfel incat nivelul revenirii elastice reale la
semifabricatul curent sa corespunda cu nivelul la care aceasta a fost compensata. In scopul
calculului modificarii necesare a fortei de retinere, se construieste o baza de date, care sa cuprinda
valorile in punctele de referinta ale fortei de deformare si ale fortei de retinere a semifabricatului,
precum si valorile parametrilor dimensionali ai revenirii elastice, toate corespunzand cazurilor
simulate in cadrul programului de simulare, la care se adauga cele corespunzatoare exemplarelor
din lot, obtinute pana in momentul curent, apoi, prin procesarea datelor continute in baza de date se
construieste modelul matematic care, pentru cazurile curente, poate fi liniar.

Metoda de conducere numerica a masinilor unelte reconfigurabile

Inventia se refera la o metoda de conducere numerica a acelor masini unelte reconfigurabile care
sunt destinate fabricatiei in serie mica a unor loturi de produse variate ca structura si sunt alcatuite
din module independente ce se asambleaza in acord cu operatia pe care masina unealta trebuie sa o
execute. Metoda poate fi aplicata si la masinile unelte conventionale destinate fabricatiei in serii
mai mari.

O metoda cunoscuta de conducere numerica a masinilor unelte reconfigurabile, este aceea bazata
pe folosirea unui interpretor reconfigurabil care este setat in acord cu structura hardware
reconfigurata a masinii unelte, limbajul programului piesa fiind cel conventional (ISO-G code). Prin
informatia continuta in programul piesa se descriu succesiv toate fazele ce compun ciclul de lucru al
masinii si se stabilesc valorile tuturor parametrilor controlabilii procesului de prelucrare. In esenta,
informatia precizeaza ce trebuie sa execute masina unealta pentru ca produsul rezultat sa
corespunda tolerantelor impuse. Aceasta informatie corespunde cazului in care toate semifabricatele
folosite pentru fabricatia unui lot de piese sunt identice iar relatia dintre caracteristicile
semifabricatului si caracteristicile produsului finit este perfect cunoscuta, in caz contrar variatiile
caracteristicilor semifabricatelor folosite determina variatii corespunzatoare ale caracteristicilor
produsului finit.

Aceasta metoda are urmatoarele dezavantaje:

- reconfigurarea sistemului de comanda numerica a masinii dureaza mult timp si de aceea
utilizarea masinii in cazul unei fabricatii care se modifica frecvent este economic
nerationala;

- programatorul trebuie sa cunoasca bine comportarea masinii unelte pentru a putea sa inscrie
in program valorile optime ale parametrilor procesului;
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- daca la semifabricatele folosite pentru executarea pieselor valorile caracteristicilor
dimensionale si de material sunt diferite fata de valorile lor nominale si sunt variabile in
timp si spatiu, atunci acordarea parametrilor procesului la valorile reale ale caracteristicilor
semifabricatului se face de catre operator si cu intarziere, ceea ce afecteaza nivelul calitativ
al produsului rezultat;

- pe parcursul executarii unei fraze de comanda nu se poate programa variatia parametrilor
procesului in acord cu caracteristicile dimensionale si de material ale semifabricatului
curent, ceea ce face ca regimul de lucru sa fie constant si sa se afle la un nivel suficient de
scazut incat sa fie satisfacute toate exigentele impuse de capabilitatile masinii, exigente care
variaza in cursul executarii respectivei fraze de comanda.

Problema tehnica pe care o rezolva inventia consta in furnizarea unei metode de conducere
numerica a masinilor unelte reconfigurabile, metoda care, in cadrul unui lot de piese, asigura un
nivel ridicat al preciziei dimensionale, chiar atunci cand caracteristicile dimensionale si de material
ale semifabricatelor sunt diferite de la un semifabricat la altul.

Metoda de conducere dimensionala a proceselor de obtinere a pieselor din tabla subtire prin
deformare plastica, potrivit inventiei, inlatura dezavantajele de mai sus prin aceea ca, in scopul
obtinerii la fiecare semifabricat din lotul de piese a unei reveniri elastice egala cu valoarea
compensata, chiar atunci cand caracteristicile dimensionale si de material, precum si fenomenele
de frecare ce apar in cursul procesului de deformare, difera de la un semifabricat la altul, se imparte
cursa poansonului in doua zone, apoi, in prima zona a cursei poansonului, numita zona de
identificare, zona in care forta de retinere evolueaza dupa o lege considerata de referinta si folosita
in etapa de simulare a procesului de deformare si de compensare a revenirii elastice prin
modificarea formei si dimensiunilor matritei si poansonului, se masoara forta de deformare intr-un
numar de puncte considerate de referinta si se compara valorile masurate ale fortei de deformare cu
valorile de referinta, adica cele corespunzatoare cazului de referinta, pentru care a fost compensata
revenirea elastica, si, pe baza diferentei constatate, se calculeaza modificarea necesara a fortei de
retinere, intr-un numar de puncte considerate de referinta si aflate in cea de-a doua zona a cursei
poansonului, numita zona de control, astfel incat nivelul revenirii elastice reale, la semifabricatul
curent, sa corespunda cu nivelul la care aceasta a fost compensata, dupa care se comanda sistemului
de retinere a semifabricatului, in cea de-a doua zona a cursei poansonului, adica zona de control, o
forta de retinere, ce este modificata corespunzator cu rezultatul calculului si prin aceea ca, in scopul
calculului modificarii necesare a fortei de retinere, in cea de-a doua zona a cursei poansonului,
adica zona de control, astfel incat nivelul revenirii elastice reale la respectivul semifabricat sa
corespunda cu nivelul la care aceasta a fost compensata, se construieste o baza de date, care sa
cuprinda valorile in punctele de referinta ale fortei de deformare si ale fortei de retinere a
semifabricatului, precum si valorile parametrilor dimensionali ai revenirii elastice, atat cele
corespunzatoare cazurilor simulate in cadrul programului de simulare, cat si cele corespunzatoare
exemplarelor din lot, obtinute pana in momentul curent, apoi, prin procesarea datelor continute in
baza de date, se construieste modelul matematic, care, pentru cazurile curente, unde forma,
dimensiunile, caracteristicile de suprafata si de material ale semifabricatului variaza in limite
restranse, poate fi liniar si care descrie legatura dintre valorile fortei de deformare in punctele de
referinta din zona de identificare a cursei poansonului si valorile fortei de retinere a semifabricatului
corespunzatoare punctelor de referinta din zona de control a cursei poansonului, pe de o parte, si, pe
de alta parte, valorile revenirii elastice in punctele caracteristice ale semifabricatului.

Inventia prezinta urmatoarele avantaje:
- reducerea erorilor dimensionale ale pieselor obtinute din table subtiri prin deformare plastica
la rece;
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- posibilitatea de a folosi semifabricate la care caracteristicile dimensionale de suprafata si de
material pot fluctua in limite largi.

Inventia este in continuare exemplificata in legatura cu fig. 1...4, unde:

- fig. 1 reprezinta relatia dintre forta de retinere si deplasarea poansonului corespunzatoare cazului
in care apare ruperea materialului, zona a, cazului in care apare cutarea materialului, zona b, si
cazului in care cele doua fenomene nu apar, zona c.

-fig. 2 reprezinta variatia fortei de deformare PO si a fortei de retinere a semifabricatului FO, in
lungul cursei L a poansonului, pentru semifabricatul de referinta, a carei revenire elastica a fost
compensata prin modificarea geometriei poansonului si matritei, si pentru unul dintre
semifabricatele destinate prelucrarii unui lot de piese, la care variatia fortei de deformare P si a
fortei de retinere a semifabricatului F in lungul cursei L a poansonului difera de valorile
corespunzatoare semifabricatului de referinta.

-fig.3 reprezinta schema de evaluare a revenirii elastice corespunzatoare unui exemplar din lotul de
piese, unde a este forma nominala a piesei finite, b este forma reala a piesei finite, (1), (2), (3) si(4)
reprezinta punctele caracteristice si senzorii folositi pentru evaluarea revenirii elastice in aceste
puncte iar d3 este valoarea revenirii elastice corespunzatoare punctului caracteristic (3).

-fig. 4 reprezinta structura datelor rezultate din monitorizarea on-line a procesului de obtinere a
pieselor din table subtiri prin deformare plastica, date ce sunt folosite pentru constructia modelului
matematic, care descrie legatura dintre valorile fortei de deformare in punctele de referinta din zona
de identificare a cursei poansonului si valorile fortei de retinere a semifabricatului corespunzatoare
punctelor de referinta din zona de control al cursei poansonului, pe de o parte, si, pe de alta parte,
valorile revenirii elastice in punctele caracteristice ale semifabricatului.

Metoda de conducere dimensionala a proceselor de obtinere a pieselor din tabla subtire prin
deformare plastica presupune parcurgerea urmatorilor pasi:

Pasul 1

Dandu-se valorile nominale ale dimensiunilor si caracteristicilor de material ale semifabricatului,
precum si forma, dimensiunile si tolerantele piesei finite, se deruleaza un program de simulari
numerice ale procesului de obtinere a piesei prin deformare plastica, cu diferite legi de variatie a
fortei de retinere a materialului in lungul cursei poansonului, folosind in acest scop un produs
software de simulare, de exemplu bazat pe metoda elementelor finite.

Pasul 2

Dintre cazurile simulate, se adopta unul considerat de referinta. Pentru exemplificare, in fig.2 cazul
de referinta este acela in care forma, dimensiunile si caracteristicile de suprafata si de material ale
semifabricatului au valorile corespunzatoare mijlocului campurilor lor de toleranta, forta de retinere
a semifabricatului evolueaza dupa diagrama F0 iar forta de deformare evolueaza dupa diagrama PO,
in lungul cursei L a poansonului. Revenirea elastica ce apare la simularea cazului considerat ca
referinta este cunoscuta, in urma simularii, si compensata, prin modificarea corespunzatoare a
formei si dimensiunilor matritei si poansonului. Daca procesul de obtinere a pieselor din tabla
subtire, prin deformare plastica, ar decurge in perfecta conformitate cu cazul considerat ca referinta,
adica daca forma, dimensiunile, caracteristicile de suprafata si de material ale semifabricatului ar
avea valorile considerate la simularea cazului de referinta, si daca forta de retinere ar fi setata sa
evolueze dupa diagrama FO, si in fine, daca erorile de simulare, precum si deviatiile dimensionale
ale poansonului si matritei, datorate executiei acestora sau uzurii din exploatare, ar fi nule, atunci
forta de deformare ar evolua dupa diagrama PO, revenirea elastica ar fi la nivelul rezultatelor
obtinute din simularea cazului de referinta iar dimensiunile piesei obtinute nu ar fi afectate de
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revenirea elastica aparuta in urma procesului de deformare plastica. Pentru exemplificare in fig. 4,
cazul de referinta este cazul 5.

Pasul 3

Se imparte cursa poansonului in doua zone, iar in fiecare zona se stabilesc puncte de referinta, asa
cum se arata in fig.2, unde cele doua zone sunt urmatoarele:

- zona a, in care forta de retinere a semifabricatului este setata sa evolueze in conformitate cu
diagrama FO, iar forta de deformare, care evolueaza dupa diagrama P de-a lungul cursei
poansonului, este masurata intr-un numar de puncte de referinta. In fig. 2 se prezinta cazul
procesului de deformare a semifabricatului curent, la care forta de retinere in punctele de
referinta 1 si 2 este setata la nivelul valorilor de referinta FO1 si FO2 iar forta de deformare
este masurata in aceleasi puncte de referinta 1 si 2 si are valorile P1 si P2, care sunt diferite
de valorile PO1 si PO2 corespunzatoare cazului de referinta, ca urmare a faptului ca, la
semifabricatul curent, forma, dimensinile, caracteristicile de suprafata si de material difera
de valorile lor corespunzatoare cazului de referinta.

- zona b, in care forta de retinere este programata sa evolueze cu deplasarea poansonului,
dupa o alta lege decat cea corespunzatoare cazului de referinta, lege astfel aleasa incat
revenirea clastica sa ramana la nivelul cazului de referinta, desi forma, dimensinile,
caracteristicile de suprafata si de material ale semifabricatului curent difera de valorile lor
nominale. In fig.2 se prezinta cazul in care, in punctele de referinta 3, 4 si 5, forta de retinere
corespunzatoare cazului de referinta variaza liniar, trecand prin valorile F03, F04, FO5, iar
forta de retinere corespunzatoare semifabricatului curent variaza liniar, trecand prin valorile
F3, F4 si F5, astfel setate incat revenirea elastica corespunzatoare semifabricatului curent sa
aiba valorile corespunzatoare cazului de referinta.

Pasul 4

Se stabilesc parametrii dimensionali ai revenirii elastice, tinand cont de cotele si tolerantele piesei
finite. In fig.3 se prezinta cazul in care parametrii dimensionali ai revenirii elastice sunt deviatiile
formei piesei reale in raport cu forma nominala a acesteia, masurate in punctele caracteristice 1, 2,
3si4.

Pasul 5

Se construieste o baza de date, care sa cuprinda valorile in punctele de referinta ale fortei de
deformare si ale fortei de retinere a semifabricatului, precum si valorile parametrilor dimensionali ai
revenirii elastice, atat cele corespunzatoare cazurilor simulate in cadrul programului de simulare cat
si cele corespunzatoare exemplarelor din lot, obtinute pana in momentul curent. Prin procesarea
datelor continute in baza de date se construieste modelul matematic, care descrie legatura dintre
valorile fortei de deformare in punctele de referinta din zona de identificare a cursei poansonului si
valorile fortei de retinere a semifabricatului corespunzatoare punctelor de referinta din zona de
control a cursei poansonului, pe de o parte, si, pe de alta parte, valorile revenirii elastice in punctele
caracteristice ale semifabricatului.

In cazul prezentat in fig.2, modelul matematic este folosit pentru a stabili legatura dintre valorile F3,
F4 si F5 ale fortei de retinere a semifabricatului si valorile P1 si P2 ale fortei de deformare, pentru
care revenirea elastica in cele 4 puncte caracteristice se afla la nivelul cazului de referinta. Tipul
modelului matematic folosit nu este impus, dar pentru cazurile curente, unde forma, dimensiunile,
caracteristicile de suprafata si material ale semifabricatului variaza in limite restranse, se recomanda
folosirea unui model liniar de ordinul 1. Pentru alte cazuri, ordinul poate fi majorat.

Pasul 6

Modelul matematic construit este folosit pentru controlul procesului de prelucrare a exemplarului
curent.

Pasul 7

Dupa ce au fost prelucrate primele 10-15 exemplare din lot si s-au acumulat suficient de multe date
in baza de date, se elimina datele corespunzatoare cazurilor simulate, urmand ca procesul sa fie
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condus pe baza datelor obtinute din monitorizarea procesului in cursul prelucrarii exemplarelor ce
alcatuiesc lotul.

Revendicari

1. Metoda de conducere dimensionala a proceselor de obtinere a pieselor din tabla subtire prin

deformare plastica la care principala sursa de erori dimensionale este variatia revenirii
elastice, caracterizata prin aceea ca, in scopul obtinerii la fiecare semifabricat din lotul de
piese a unei reveniri elastice egala cu valoarea compensata, chiar atunci cand caracteristicile
dimensionale si de material, precum si fenomenele de frecare ce apar in cursul procesului
de deformare, difera de la un semifabricat la altul, se imparte cursa poansonului in doua
zone, apoi in prima zona a cursei poansonului, numita zona de identificare, zona in care
forta de retinere evolueaza dupa o lege considerata de referinta si folosita in etapa de
simulare a procesului de deformare si de compensare a revenirii elastice prin modificarea
formei si dimensiunilor matritei si poansonului, se masoara forta de deformare intr-un
numar de puncte considerate de referinta si se compara valorile masurate ale fortei de
deformare cu valorile de referinta, adica cele corespunzatoare cazului de referinta, pentru
care a fost compensata revenirea elastica, si, pe baza diferentei constatate, se calculeaza
modificarea necesara a fortei de retinere, intr-un numar de puncte, considerate de referinta si
aflate in cea de-a doua zona a cursei poansonului, numita zona de control, astfel incat
nivelul revenirii elastice reale la semifabricatul curent sa corespunda cu nivelul la care
aceasta a fost compensata, dupa care se comanda sistemului de retinere a semifabricatului,
in cea de-a doua zona a cursei poansonului, adica zona de control, o forta de retinere, ce este
modificata corespunzator cu rezultatul calculului.
2. Metoda de conducere dimensionala a proceselor de obtinere a pieselor din tabla subtire
prin deformare plastica la care principala sursa de erori dimensionale este variatia revenirii
elastice conform revendicarii 1, caracterizata prin aceea ca, in scopul calculului modificarii
necesare a fortei de retinere, in cea de-a doua zona a cursei poansonului, adica zona de
control, astfel incat nivelul revenirii elastice reale la respectivul semifabricat sa corespunda
cu nivelul la care aceasta a fost compensata, se construieste o baza de date care sa cuprinda
valorile in punctele de referinta ale fortei de deformare si ale fortei de retinere a
semifabricatului, precum si valorile parametrilor dimensionali ai revenirii elastice, atat cele
corespunzatoare cazurilor simulate in cadrul programului de simulare, cat si cele
corespunzatoare exemplarelor din lot, obtinute pana in momentul curent, apoi, prin
procesarea datelor continute in baza de date, se construieste modelul matematic care, pentru
cazurile curente, unde forma, dimensiunile, caracteristicile de suprafata si de material ale
semifabricatului variaza in limite restranse, poate fi liniar si care descrie legatura dintre
valorile fortei de deformare in punctele de referinta din zona de identificare a cursei
poansonului si valorile fortei de retinere a semifabricatului corespunzatoare punctelor de
referinta din zona de control a cursei poansonului, pe de o parte, si, pe de alta parte, valorile
revenirii elastice in punctele caracteristice ale semifabricatului.
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Declaratie
continand desemnarea inventatorilor inventiei cu titlul:
METODA DE CONDUCERE DIMENSIONALA LA FABRICAREA
PIESELOR DIN TABLA SUBTIRE PRIN DEFORMARE PLASTICA

Aceasta declaratie este facuta in conformitate cu prevederile art. 14 alin. 2 si Regulii 20E si trebuie depusa
in termen de 18 luni de la data solicitarii examinarii in fond a cererii de brevet de inventie, conform Regulii 20E

alin. (11).

Nume si prenume: Marinescu Vasilica
Adresa: str. George Cosbuc, nr. 37, bloc C20, ap. 35, cod800350

Locul de munca la data creatrii inventiei: Universitatea Dunarea de Jos Galati

Nume si prenume: Epureanu Alexandru
Adresa: str. Lapusneanu, nr. 16, bl. B 6, ap. 16, Galati, cod 800072

Locul de munca la data crearii inventiei: Universitatea Dunarea de Jos Galati

Nume si prenume: Banu Mihaela
Adresa: str. Saturn, nr. 10, bl. B 2, ap. 28, Galati, cod 800344

Locul de munca la data crearii inventiei: Universitatea Dunarea de Jos Galati

Nume si prenume: Constantin lonut

Adresa: str. Domneasca, nr. 71, bl. B, ap. 33, Galati, cod 800215

Locul de munca la data crearii inventiei: Universitatea Dunarea de Jos Galati

Nume si prenume: Marin Florin Bogdan

Adresa: str.Tecuciul Nou nr.15, Tecuci, 805300, Roméania

Locul de munca la data crearii inventiei: Universitatea Dunarea de Jos Galati

Alti inventatori sunt inscrisi in pagina urmatoare
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Semnatura solicitantului sau a mandatarului autorizat (numele si prenumele
precum si calitatea persoanei cu capacitate de reprezentare a solicitantului sau a
mandatarului autorizat):

Prof. Dr. Ing. Minzu Viorel, Rector

Semnatura:
Data:
L.S.
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2 . Metoda si echipament pentru evaluarea prelucrabilitatii prin deformare plastica

a tablelor subtiri

Autori: Banu M., Marinescu V., Epureanu A.,Tabacaru V., Constantin I., Marin F.B.

Rezumat: Inventia se refera la o metoda si la un echipament de determinare a prelucrabilitatii prin deformare
plastica a tablelor subtiri destinate ambutisarii. Prin prelucrabilitate se intelege sensibilitatea materialului la
revenirea elastica si la formarea cutelor in timpul si dupa deformare. Echipamentul, conform inventiei, permite
ambutisarea epruvetelor dreptunghiulare, de diferite grosimi si latimi si variatia parametrilor de proces si de
material, astfel incat sa se obtina evolutii ale revenirii elastice si cutarii la mici modificari ale factorilor de influenta.
Metoda se refera la masurarea revenirii elastice tridimensionale obtinuta la epruvete cu forma initiala
dreptunghiulara si supuse indoirii prin ambutisare, utilizand dispozitivul mentionat mai-sus. Ca urmare a utilizarii
acestei metode,se poate afirma despre un material ca este mai prelucrabil prin deformare plastica decat un altul,
daca revenirea lui elastica este mai putin sensibila la variatia factorilor care o influenteaza. Mai mult, prin utilizarea
acestei metode si a acestui echipament se are in vedere gasirea acelor cupluri de materiale, care fiind utilizate in
prelucrarea a doua piese ce urmeaza sa se asambleze, sa duca la o revenire elastica de compensare. Echipamentul
este realizat dintr-un dispozitiv de deformare prin ambutisarea unor epruvete de forma dreptunghiulara

294



Proiectul ID_653-231/1.10.2007 Raport in extenso pentru etapa unica 2008

Cursuri doctorale restructurate:

Universitatea ,,Dunarea de Jos” din Galati
Facultatea de Mecanica

Scoala Doctorala
Anul univ. 2008-2009

Managementul proiectelor stiintifice

- curs doctoral -
Durata: 2 ore curs si o ora aplicatii.
Grup tinta: toti doctoranzii scolii.
Caracterul cursului: obligatoriu.
Anul I, semestrul I

A. Programa analitica a cursului

1. Aspecte generale privind managementul proiectelor stiintifice

1.1. Conducerea sistemelor tehnice. Control, comanda, conducere, ciclu, program.
Monitorizare, deviatie program, lege de conducere, sistemul tintelor si restrictiilor,
corectii. Control limitativ, adaptiv, inteligent, optimal, predictiv.

1.2. Managementul sistemelor socio-economice. Gestionare, administrare, management,
guvernare. lerarhic, holarhic, heterarhic, anarhic. Program, proiect, politica, reglementari.
Finantator, entitati legal constituite, persoana, mediu.

1.3. Managementul sistemelor didactico-stiintifice. Date, informatii, cunostinte, modele,

principii. Descoperire-observare si caracterizare, identificare/invatare — constructie
cauzala, modelare — compunere modele, cognitie-reprezentarea lumii reale, sinteza-
generalizare.

1.4. Cercetare-publicare: modele (legi, reguli), paradigma (familie de modele), concept
(familie de paradigme), conceptie (mod de abordare, viziune), teorii (conceptii ideatice).

1.5. Creatie-brevetare: procedee, tehnici, metode, metodologii, constructii fizice.

1.6 Educatie-atestare: profesionala-circuitul economic (investitie, marketing, proiectare,
fabricatie, comercializare, investitie); stiintifica-circuitul stiintific (sistem tehnico-
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economic, cercetare-publicare, creatie-brevetare, dezvoltare-proiectare, sistem tehnico-
economic).

1.7. Politici in domeniul cercetarii si creatiei stiintifice. Organisme nationale si europene.
Analiza comparativa.

2. Ciclul de viata al unui proiect stiintific

2.1. Guvernare: tinte strategice, monitorizare, definire program, decizie politica.

2.2. Operationalizare program: planificare program, sistem de management, decizie, apel
proiecte: scop, obiective, prioritati, politici-reglementari, calendar.

2.3. Analiza: entitate legal constituita, persoana, scop, obiective, decizie.

2.4. Elaborare proiect, competitie finantare, oferta, decizie, contractare.

2.5. Finantare, executare, management, monitorizare, raportare.

2.6. Diseminare, sustenabilitate, audit proiect, audit program, dezvoltare proiect.

3. Conceperea proiectelor stiintifice de cercetare, dezvoltare, inovare

3.1 Introducere. Proiect de cercetare. Cerere de finantare. Proiectarea constructiilor.
Proiectarea proceselor/activitatilor.

3.2 Marketing in cercetare. Informare privind oferte de finantare, domenii prioritare si
alternative operationale.

3.3 Analiza. Analiza SWOT. Analiza la nivel personal. Analiza la nivel de de grup. Analiza la
nivel de domeniu stiintific.

3.4 Decizie privind continutul cercetarii. Subiect, stadiul actual, scop, idei cheie, obiective,
abordari, rezultate asteptate, importanta, relevanta.

3.5 Sinteza activitatilor de cercetare. Relatia obiective-activitati-tehnologii, metodologii si
facilitati suport — tipologia activitatilor de cercetare — rezultate partiale.

3.6 Dimensionarea activitatilor de cercetare. Amploarea activitatilor. Resursele institutionale,
logistice, materiale, informationale, umane si financiare necesare. Resurse existente.
Resurse achizitionate. Constructie consortiu/echipa. Constructie buget pe activitati, pe linii
bugetare, pe partener.

3.7 Planificarea activitatilor de cercetare. Flux operational: obiective — activitati - resurse-
parteneri-rol-timp. Fluxul financiar: input financiar (finantator, cofinantator, parteneri,
creditare parteneri, creditare echipa); output financiar (conform activitatilor desfasurate si a
liniilor de finantare); soldul din contul proiectului. Fluxul stiintific: cercetare — cunoastere —
creatie stiintifica — atribuirea rezultatelor — protectia/valorificarea rezultatelor.

3.8 Managementul proiectului. Organigrama. Management administrativ. Management
stiintific. Management financiar.

3.9 Diseminare. Sustenabilitate

3.10 Inregistrarea proiectului in competitia pentru finantare. Contractare.

Tipologia si metodica activitatilor de cercetare si creatie stiintifica

4.1 Tipologia si metodica activitatilor de cercetare. Documentarea stiintifica. Demonstratia
stiintifica. Experimentul stiintific. Tehnolgii suport. Metodologii suport. Instrumente si
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facilitati. Prezentarea orala a unui rezultat stiintific. Conceperea si redactarea unei lucrari
stiintifice. Sinteza si monografia stiintifica.

4.2 Tipologia si metodica activitatii de creatie stiintifica. Creatii de tip constructie sau
metodologie. Documentare. Tehnici de stimulare a actului de creatie. Asocierea
consonanta, inversia, empatia, combinarea, tehnica input-output, tehnica listelor
interogative, demersul euristic. Structurarea unei creatii stiintifice. Descrierea unei inventii.
Transfer tehnologic. Proprietate intelectuala si proprietate industriala. Drepturi de autor.
Inventii si marci, patentare-inregistrare.

4.3.Comunitatea stiintifica. Forme de organizare si actiune. Presa stiintifica. Viata stiintifica.
Forme de participare la viata stiintifica.

5. Evaluarea activitatilor de cercetare si creatie stiintifica

5.1.Aspecte generale. Relatia evaluare-masurare. Componentele subiectiva si obiectiva ale unei
evaluari. Etica evaluarii. Evaluator si evaluat. Diferenta dintre subiectivism si
incorectitudine. Reproductibilitatea evaluarii. Costul evaluarii.

5.2 Proceduri si criterii de evaluare a propunerilor de proiecte in vederea finantarii.

5.3 Proceduri si criterii de evaluare a rezultatelor obtinute din cercetarea stiintifica — creatia
stiintifica, in vederea publicarii — brevetarii.

5.4 Evaluarea stiintifica a cercetatorilor in vederea angajarii-promovarii-premierii.
Structurarea arborescenta a criteriilor. Etapizarea procedurilor de elaborare-evaluare.
Criterii obligatorii de departajare. Selectia evaluatorilor. Importanta evaluarii pentru actorii
activitatii stiintifice: finantator, cercetator, mediul stiintific.

5.5 Concluzii pentru buna practica.

6. Managementul proiectelor stiintifice de cercetare

6.1 Managementul stiintific.
6.2 Managementul administrativ si financiar.

7. Etica si deontologia cercetarii si creatiei stiintifice

7.1 Baza legala.
7.2 Aspecte manageriale/operationale.

B. Continutul activitatilor aplicative

1) Conceperea si elaborarea unui proiect de cercetare stiintifica in cadrul PNCDI II,
componenta IDEI.

2) Conceperea si elaborarea unui articol stiintific.

3) Descrierea unei inventii in conformitate cu reglementarile in vigoare, pentru brevetare la
nivel national si la nivel UE.
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Intocmit: Prof. Dr. Ing. Alexandru Epureanu DHC
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