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Straturi subtiri nanometrice pentru imbunatitirea caracteristicilor tribologice
ale componentelor mecatronice

CAPITOLUL I. NOTIUNI FUNDAMENTALE

Aplicatiile mecatronice integreaza principiile fizicii, chimiei, matematicii si pe
cele ingineresti, creeazd concepte fundamentale si cunostinte de la nivel de componente
pana la nivel de sisteme si dezvolta noi produse, materiale, procese si produse informatice.

Obiectivul principal al tezei il reprezinta studiul materialelor utilizate pentru
acoperiri cu filme subtiri a componentelor metalice din cuplele de frecare, utilizate cu
precadere in aplicatii mecanice si mecatronice (angrenaje de mare precizie in constructii
miniaturizate, lagdre de mare precizie, componente ale echipamentelor mecatronice pentru
masurare, pozitionare si reglare: cai de rulare, ghidaje, grippere, etc., componente pentru
echipamente biomedicale, MEMS & NEMS), pentru prelungirea duratei de viata a
acestora si Imbunatatirii caracteristicilor tehnico-functionale.

Aceste informatii despre materiale sunt ulterior utilizate, astfel incat sa
contribuie la realizarea de materiale finite necesare sau cerute de societate, lucru de care
se ocupa ingineria materialelor.

Ingineria suprafetelor ofera modalitatea de a reduce uzare in diferite cuple,
factorii care influenteaza aceasta reducere sunt:

»  cresterea durabilitatii;

»  chimie a suprafetei diferita care sa reduca frecarea adeziva;
»  componente acoperite care raman neuzate.

> etc.

Pentru obtinerea acestor materiale cu proprietati imbunatatite, care sa poata fi
utilizate in diferite domenii pentru aplicatii variate s-au incercat diferite metode, insa cea
mai importanta, pana in prezent, este depunerea de straturi subtiri.

Filmele subtiri cu structuri micro si nanometrice depuse prin metode
mecatronice high-tech pot fi utilizate in domenii precum mecatronica (componentele
structurilor mecatronice), electronica, medicind (implanturi — proteze dentare, ortopedice),
etc. Exista o intreaga industrie de inalta tehnologie pentru depuneri de materiale, micro si
nanostructurate, ca urmare a tendintei generale de miniaturizare a produselor odata cu
cresterea fiabilitatii. S-au realizat studii si progrese prin folosirea unor aliaje si materiale

foarte dure pentru a mentine uzura la valori minime.
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Uzura scade pronuntat cu cresterea rezistentei la fisurare a suprafetelor. Astfel,
problematica dezvoltarii de materiale cu caracteristici superioare de rezistenta mecanica
ridicatd §i uzura redusa constituie o permanentd a cercetarilor actuale din domenii
industriale si de cercetare diverse.

De caracterizarea suprafetelor materialelor depuse a produselor utilizate in
variate domenii, precum mecatronica, electronicd, medicind, etc. depinde buna functionare,
durabilitatea si fiabilitatea operationala a acestora.

Echipamentele si metodele utilizate in caracterizarea suprafetelor ofera
informatii referitoare la:

»  topografia straturilor subtiri depuse;

»  caracteristicile ~ fizico-mecanice ale straturilor  depuse
(microduritate, caracteristici electrice, termice, magnetice,
aderenta, etc.);

»  caracteristici structurale ale filmelor subtiri depuse.

De aceea, principalul obiectiv al tezei este caracterizarea suprafetelor
filmelor subtiri cu structuri micro si nanometrice depuse prin diferite metode fizice si
chimice si destinate aplicatiilor mecatronice.

Din multitudinea de materiale din care se realizeazd componentele mecatronice,
se vor depune straturi subtiri micro/ nanostructurate pe substraturi de otel, care le pot
imbunatati calitatea

Se vor folosi substraturi precum:

»  OLCA45 utilizat in industria mecanicd §i mecatronica pentru
producerea de joje, bucse, elemente de actionare, cepi de
masurare, cepi de contrare, suporti de pozitionare, corp joja,
etc.;

» Rul 1 utilizat in industria mecanicd §i mecatronica pentru
producerea scule, rulmenti etc.

» C120 utilizat in industria mecanica §i mecatronica pentru
producerea de calibre filetate si lise, capete palpator, etaloane,
poansoane, etc;

» OSC utilizat in industria mecanicd si mecatronicd pentru
producerea de calibre filetate si lise, capete palpator, etaloane,

poansoane etc.
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S-au ales aceste materiale de depunere in substraturi datorita importantei pe care
le au in inginerie, fiind create componente mecatronice care sunt supuse, in timp, uzurii.

Rezultatele acestor cercetari, in special cele tribologice, ar putea fi extrem de
utile inginerilor din domeniul mecatronic, care analizeazd conditiile de functionare a
pieselor / componentelor mecanice din ansamblu si stabileste functia fiecareia, alegand

materialele care corespund functionarii corecte a acestora.
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CAPITOLUL Il. METODE MECATRONICE INTELIGENTE PENTRU
DEPUNERI DE STRATURI SUBTIRI

Metodele de depunere trebuie sa tina cont de natura fenomenelor care au loc in
procesul de depunere, de diversitatea parametrilor de formare a filmelor (compozitie,
structurd, grosime, raspandirea componentelor in volum) si de parametrii de utilizare ale
acestora (aderenta, rezistenta la uzura, rezistenta la coroziune, porozitate).

Procedeele de depunere a straturilor subtiri constituie parti componente ale
metodelor de depunere care folosesc aceleasi fenomene fizico-chimice, dar care se
deosebesc intre ele prin anumiti parametrii ai procesului de depunere, care duc la
modificarea unor parametrii de formare sau de utilizare a depunerilor. Depunerea de
straturi  subtiri este folosita la fabricarea straturilor izolatoare, a straturilor
semiconductoare, a straturilor metalice, etc.

Metodele de obtinere a straturilor subtiri prin depunere din faza de vapori sunt
fizice (Physical Vapor Deposition — PVD) si chimice (Chemical Vapor Deposition —

CVD). Diversele variante ale acestor metode sunt prezentate in Figura 1

Figura 1. Clasificarea principalelor procedee de obtinere a straturilor din faza

PROCEDEE DE OBTINERE A STRATURILOR SUBTIRI
PRIN DEPUNERE DIN FAZA DE VAPORI
PROCEDEE PROCEDEE
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plasma

Peliculele subtiri depuse prin procese PVD si CVD au structuri si compozitii
extrem de variate pentru a satisface o gama cat mai larga de aplicatii. Prima diferenta intre
CVD si PVD este ca intr-un proces CVD reactia are loc la suprafata, iar in procesul PVD
reactia are loc in atmosferd si compusul este apoi depozitat pe suprafata. in comparatie cu
procedeele CVD, procedeele PVD permit obtinerea de straturi la temperaturi mai scazute,
intr-o varietate microstructurala si compozitionala mult mai mare. in plus procedeele PVD

nu polueaza mediul.
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in cadrul aplicatiilor din cadrul tezei de doctorat , materialul pe care voi face
depunerea stratului trebuie sd tind cont de conditiile functionale impuse de piesa finitd in
anumite situatii materialele pentru depunere pot fi alese, cand am ales materialul a trebuit
sa tin seama de compatibilitatea materialelor pentru a asigura o aderentd optima. Pentru a
avea o aderentd foarte buna a substratului, suprafata probei trebuie prelucrata, prin
indepartarea impuritatilor dupd piesa este spélata in medii lichide, rugozitatea se reduce

prin slefuire sau polizare.
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CAPITOLUL III. STUDIUL PROCEDURAL AL METODELOR S$I
PROCEDEELOR DE CARACTERIZARE

Se propune o prezentare analitica 1In conceptia mea a procedurilor /
procedeelor / metodicilor aplicabile in cercetarile experimentale de laborator pentru
caracterizarea fizico-mecanica, structurala si a topografiei superficiale la structurile micro
si nanometrice de acoperire.

Avand in vedere domeniul de aplicabilitate considerat pentru micro si nano
structurile de acoperire — domeniul mecatronic — cunoasterea parametrilor functionali, a
structurilor, stratului de baza si al acoperirilor, al gradului de finisare superficiala a
depunerii aplicate, sunt foarte importante pentru realizarea obiectivului.

O rezistentd mecanica adecvata a substratului, o structura ultra-fina a depunerii
si un grad ridicat de aderentd a acestuia, vor conduce la asigurarea unei functionari
corespunzatoare a cuplelor de frecare unde sunt utilizate prin compatibilitate si regim
tribologic optim.

Este necesar ca materialele metalice, ceramice si alte compozite utilizate ca
substraturi sa realizeze un maximum de duritate asociat unei tematici corespunzatoare,
complex de caracteristici ce impun structuri metalografice foarte fine, pana la nivel
nanometric in cazul ceramicelor.

Rezistenta mecanica maxima in conditiile unor particularitati tribologice optime
necesare straturilor de acoperire si al asigurdrii unei aderente superioare se obtin, de
asemenea, prin intermediul unor depuneri nanostructurate.

in functie de particularitatile de exploatare urmarite, procedurile / procedele /
metodele de caracterizare sunt diversificate. Corespunzator, echipamentele pentru
incercari sunt si ele diversificate: pentru o singurd caracteristica sau pentru multiple
caracteristici, cu grade tot mai ridicate de precizie si nivele de incredere mari, cu sau fara
echipare informatica, etc.

Spre exemplificare se poate prezenta situatia inspectiilor pentru caracterizare
imagistica: de la microscopie optica la microscopie electronica si, mai recent, microscopie
de forta atomica sau diferite combinatii intre acestea.

De asemenea, rezultatele incercarilor experimentale sunt prelevabile cu

echipamente mecatronice, stocate si / sau interpretate cu programe software dedicate,

Drd. Ing Gornoava Valentin 6



Straturi subtiri nanometrice pentru imbunatitirea caracteristicilor tribologice
ale componentelor mecatronice

complexe, contindnd s§i o prelucrare statistica, de interpolare pentru comparare cu
parametric stocati in baze de date.
in cadrul lucrarii analiza procedurala efectuata pentru obiective tintd preliminate
va prezenta:
»  principalele tipuri de incercari procedurale aplicabile;
»  procedurile/metodele selectate pentru cercetarile experimentale

si motivatiile obtiunilor.
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CAPITOLUL IV. PROCEDURI MECATRONICE INTELIGENTE
APLICATE IN CERCETARI EXPERIMENTALE

4.1. Cercetari experimentale pentru materiale cu structuri micro si

nanometrice

Dintre toate metodele existente si studiate in etapele de pana acum ale
tezei am realizat si experimentat printr-o procedura mecatronica originala
depuneri prin evaporare cu fascicul de electroni. Aceasta este o tehnica ce
realizeaza depuneri de straturi subtiri metalice.

Depunerile prin evaporare cu fascicul de electroni au fost realizate in
Laboratorul deCaracterizare si Structurare la Scara Nanometrica din cadrul
Institutului National de Cercetare-Dezvoltare pentru Microtehnologie— IMT
din Bucuresticu un sistem Temescal FC-2000 (Figura 2), un sistem de evaporare
versatil care acceptd o varietate de accesorii pentru a satisface aproape orice
cerintd. Acest sistem combina flexibilitate maxima cu usurinta de utilizare. FC-
2000 este un sistemcare permite ca sursa sa ramana in vidin timpul reincarcarii

substratului,are un ciclu rapid, incarcare blocata.

Figura 2. Sistem de depunere prin evaporare cu fascicul de electroni Temescal FC-2000.

Componentele acestui sistem sunt: sursa de fascicul de electroni,
sistemul de control, pompare in vid si control, sistem apa sursa de alimentare,
camerda vid., sistem aer, , Sistemul de control al Temescal (TCS) prevede
procesul de control complet integrat, bazat pe reteta si in vid. Functionind in
oricare dintre aceste moduri protejate cu parola, TCS ofera, de asemenea,
procesul de monitorizare variabild, proces de urmarire tendintd si procesul de
arhivare a datelor.

Modul automat TCS ofera executarea complet automatizatd de retete

programate de utilizator compuse, de pana la doudzeci de pasi de proces. Acesta
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ofera, de asemenea, operatiuni independente de autopompare si autoventilare si
testare automata a ratei de crestere.

Modul manual TCS permite utilizatorului si seteze parametrii de
proces, sda exploateze componente si subsisteme majore individual cu protectie
completa de blocare si sa execute procese neautomate de depunere a unui singur
film.

Modul de operare de servicii TCS ofera control la nivel scazut, de
blocare asupra oricaror valve, pompe, motoare sau surse de alimentare ale
sistemului.

Sursele de fascicul de electroni ale Temescal ofera comoditate si
fiabilitate imbunatatite si transfer in aplicatii variind de la productia de
microelectronice si optice la acoperirea specializata.

Cheia pentru aceste imbunatatiri de performantd este acoperirea
creuzetului actionat pneumatic, care se ridica automat fnainte de rotatia pentru
depozite inalte, dar care etanseaza toate partile creuzetului de la cel expus si unul
de altul. Beneficiul net este eliminarea virtuala a contaminarii incrucisate.

Controlerul minutios al fasciculului de electroni al Temescal ofera
operare complet digitala, stocare internd de pana la 64 de modele definite de
utilizator si compatibilitate cu aproape orice tun de fascicul de electroni
disponibil comercial.

Cu soft-uri de programare bazate pe Windows™ si un controler cu
telecomandd de mana, acesta oferd precizia si flexibilitatea cerutd de cele mai
exigente procese PVD cu fascicul de electroni.

Utilizdnd depunerea prin evaporare cu fascicul de electroni au fost
depuse straturi de Ti, Cr, Al si multistrat Ti/Al pe patru tipuri de probe de otel:
OLC45, Rull, C120 si OSC (Figura 3).

Drd. Ing Gornoava Valentin
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Figura 3. Substraturi de otel pe care au fost depuse straturi metalice nanometrice utilizand

evaporarea cu fascicul de electroni: (a) OLC45; (b) Rull; (c) C120; (d) OSC.

(@) (b) (©) (d)

4.2. Determinarea grosimii straturilor depuse

Pentru determinarea grosimii straturilor subtiri depuse s-a folosit
metoda microbalantei cu cristal de cuart (QCM). Masuratorile au fost realizate in
Laboratorul de Caracterizare si Structurare la Scara Nanometrica din
cadrul Institutului  National de Cercetare-Dezvoltare pentru
Microtehnologie — IMT din Bucuresti.

Metoda microbalantei cu cristal de cuarf (QCM) poate fi utilizata sub
vid, in faza gazoasa ("senzor de gaz") si, mai recent, in medii lichide. Este utila
pentru monitorizarea vitezei de depunere in sistemele de depunere filme subtiri
sub vid. in lichid, este foarte eficientd in determinarea afinitatii moleculelor
(proteine, in special) la suprafete functionand cu situ-ri de recunoastere. Entitatile
mai mari, cum ar fi virusurile sau polimerii sunt investigate, la fel de bine.
Metoda microbalantei cu cristal de cuart (QCM) a fost utilizatd de asemenea
pentru a investiga interactiunea dintre biomolecule.

Masuratorile de frecventd sunt usor facute cu precizie ridicatd, prin
urmare, este usor de masurat densitdti de masd pand la un nivel de sub 1 pg/cm?.
Pe langa masurarea frecventei, factorul de disipare (echivalent cu latimea de
banda de rezonantd) este adesea masurat pentru a ajuta la analiza. Factorul de
disipare este factorul de calitate inversa a rezonantei, Q! = w / fr; cuantifica
amortizarea din sistem si este in legdtura cu proprietitile vascoelastice ale
esantionului.

Cuartul este membru al familiei de cristale care genereaza efectul
piezoelectric. Efectul piezoelectric si-a gasit aplicatii in sursele de mare putere,
senzori, elemente de actionare, standarde de frecventd, motoare, etc., iar relatia
dintre tensiunea aplicatd si deformarea mecanica este bine cunoscuti; acest lucru

permite o sondare de rezonantd acustica prin mijloace electrice. Prin aplicarea
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curentului alternativ pe cristalul de cuart se vor induce oscilatii.

Factorul Q, care este raportul dintre frecventa si latime de banda, poate
ajunge la 106. O astfel de rezonantd ingusta duce la oscilatoare foarte stabile si o
mare precizie in determinarea frecventei de rezonanta. QCM exploateaza aceastd

usurintd si precizie de detectare.

4.3. Caracterizarea structurala a straturilor depuse

Folosind microscopul de forta atomica din dotarea Laboratorului
MEMS & NEMS Mecatronice Nanometrice din cadrul ,,Institutului National
de Cercetare Dezvoltare pentru Mecatronica si Tehnica Masurarii —
INCDMTM Bucuresti” am analizat caracterizarea structurala a straturilor
nanometrice. Prin inregistrarea devierilor mici ale cantileverului elastic poate fi
facutd achizitia unei topografii de suprafatd AFM (Figura 4). Legenda : 1 —
unitate de baza; 2 — cap de masura; 3 — sistem de izolare a vibratiilor; 4 — sistem

optic de vizualizare.

Figura 4. Microscop AFM, NTEGRA Probe NanoLaboratory NT — MDT,
Moscova, Rusia.

Drd. Ing Gornoava Valentin

11



Straturi subtiri nanometrice pentru imbunatitirea caracteristicilor tribologice
ale componentelor mecatronice

Tabel 1. Caracterizarea experimentalad la nivel microscopic a filmelor subtiri depuse pe

substratul de otel tip OLC45 , Rul 1, C120, OSC

Vizualizare film subtire depus Vizualizare limita de imbinare substrat
utilizand camera CCD a AFM metalic - film subtire depus
NTEGRA

1 2

Al_50 nm Al_50 nm

Cr_50 nm Cr_50 nm

WAL of

Ti_Al_50_50 nm Ti_Al_50_50 nm
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in conformitate cu caracterizarea experimentald se poate observa ci toate
straturile depuse au o uniformitate rezultata in urma procesului, insa, la nivel microscopic,
toate par a avea o suprafatd nu foarte plana (ar putea avea si o rugozitate ridicata). De
asemenea, din imaginile obtinute in urma analizei microscopice a probelor se poate observa
si imbinarea completa intre strat si substrat.

In urma observatiilor microscopice utilizind camera CCD a AFM NTEGRA,
pentru o mai bunad caracterizare a straturilor au fost realizate scandri cu ajutorul
microscopului de forta atomicd, care permite caracterizarea suprafefelor pand la nivel
nanometric. fn urma scandrii unor suprafete de 50x50 um de pe diferitele filme depuse pe
toate substratele, au putut fi analizati diferiti parametrii topografici (rugozitate, asimetria
suprafetei, coeficient de aplatizare), care ofera informatii legate de distributia stratului
depus.

Parametrii topograficiin urma studiului AFM (asimetria suprafetei Ry coeficient
de aplatizare Ry, , inaltimea maxima hpa, inaltimea in 10 puncte R,, asimetria suprafetei
R« rugozitate R,) care pot fi determinati ofera informatii legate de suprafata acestora.

Rugozitatea a fost folosita atat pentru a determina abaterile (o suprafata neteda
prezinta abaterimici,o suprafata aspra prezinta abateri mari ), pentru a obtinie informatii
despre deteriorarea si uniformitatea stratului nanometric depus.

Evaluarea gradului de asimetrie a unei repartitii este dat de indicele Ry , iar
aplatizarea este data de indicele Ry, indicele de asimetrie Ry poate sa fie pozitiv sau
negativ, totul depinde de repartitia de sondaj daca este asimetrica spre dreapta respectiv
stanga, daca distributia este simetrica atunci asimetria este nula.

Indicile de aplatizare Ry, determina forma unei distributii, indicele de aplatizare
mic ne indica o repartitie in care sunt prezente mai putine categorii departate de medie,
indicele de aplatizare mare ne indica o repartitie cu ,,cozi” mari, daca este foarte apropiata
de normal vom ave un coeficient de aplatizare in jurul valorii 3.

In tabelul urmator (Tabelul 2) sunt prezentate cateva dintre rezultatele obtinute
in urma caracterizarii prin microscopia de forta atomica a straturilor subtiri de multistrat
Ti/Al, Cr, Al, Ti si, depuse pe substraturile de otel tip OLC45, Rull, C120 si OSC si
calcularea parametrilor topografici determinati folosind AFM-ul NTEGRA si softul sau

inclus.
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Tabel 2. Caracterizarea experimentala pe AFM a suprafetelor filmelor subtiri depuse pe
substratul de otel OLC45 , Rul 1, C120, OSC

Al_50 nm
2 3
Amount of zamplng 20
Mae 536,278 ren
Min 0 nm
Ll Peskitorpeak, Sy 535278 nm
Ten poirt hesght, 5z 269439 nm
w0 - Borarage 321625 e
Borerage Roughness, 55 171,033 nn
Second memert 63844
L 5 Lm Root Mean Squae, 5q 182598 nm
L s ¥ Suiface shewress, Stk 00304733
[N Coeffciert of kurtoss, Ska 163431
Eniropy 6.35808
Redundance 920039
Cr_50 nm
Armcunt of sampling =0
Maxt 564273 nm
I M Ore
Peakdopesk. Sy 564279 rm
Tenport et 5z 26607 nm
= Aveiage 443671 nm
Average Roughness. 54 112162
Second momert 4732
T ' g & 7| FRoMenSoweSo 131572
5 5 Surface shewness, Sek 123697
L Coelfcentof ustoss Ska  0.378086
Enhiogy 55956
Redundance 812013
Ti_100 nm
Arngunt of samglng 260
m Maxe 324783 o
Min Orm
Peaktopeak. Sy 24750
" Ten port height, Sz 158161 nm
W > Average 50557 rm
Aversge Roughness, S8 44,2322 nm
Secord momerk 10443
RalT 5 RootMeanSquse. 59 552897 o
B gy 8 Sulace hewmess, ek 0340835
ot of kustosis, Sko 0609638
Eniogy 559163
Redurdance 134954
Ti_Al_50_50 nm
Armcunt of satmplng 2704
Max 4237
M Orm
Pesktopeak, Sy 42 N7 rin
. Ten porrt height. 5z 246431 nm
Aiverage 100471 rm
m Aversge Roughress, 58 533211 o
Second moment 122413
Riool Maan Squaee, Sq T9.9811 ren
(LI in Suifase thewrass, Sk 23
L L] Cosfficient of kutosis, Ska  6.79062
3 ) Enliogy 5,939307
L) Redurdance 437664
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In concluzie : in urma masuratorilor realizate cu Microscopul de forta atomica
NTEGRA s-a observat ca exista niste valori medii, minime §i maxime, ale parametrilor

obtinuti pentru filmele subtiri depuse in functie de substrat, prezentate in tabelul urmator.

Tabel 3. Valori determinate minime, maxime si medii ale rugozitatii filmelor subtiri depuse

pe substraturile din diferite tipuri de otel.

Substrat | Film depus Sa (NM) Sa (NM) Sa mediu (nm)
minim maxim
1 2 3 4 5
OLC45 Al_50 nm 52.6451 105.8387 79.2419
Cr_50 nm 58.9096 104.3708 81.6402
Ti_100 nm 65.5779 87.8316 76.7047
Ti_Al_50_50 nm | 63.4798 146.6480 105.0639
Rull Al_50 nm 75.2556 101.7819 88.5187
Cr_50 nm 67.7934 109.4168 88.6051
Ti_100 nm 71.0554 121.4394 96.2474
Ti_AI_50_50 nm | 45.8398 110.2120 78.0259
C120 Al_50 nm 56.3595 106.7635 81.5615
Cr_50 nm 63.7867 119.1905 91.4886
Ti_100 nm 54.0777 98.2362 76.1569
Ti_Al_ 50 50 nm | 76.5809 72.9521 74.7665
osc Al_50 nm 52.4575 81.8669 67.1622
Cr_50 nm 51.4096 107.6374 79.5235
Ti_100 nm 28.1934 71.8515 50.0224
Ti_AI_50_50 nm | 53.3211 166.7670 110.0440

In concluzie: in urma analizei valorilor medii ale rugozitatii straturilor depuse
se observa ca stratul cu cea mai buna uniformitate la suprafatd se gasesc pe proba de otel
OSC, suprafatd ce mai uniforma ne este data de substratul de Titan, dintre toate filmele
subtiri depuse cu o gosime de 50nm aluminiul prezinta o forma uniforma pe acest tip de
otel.

Valorile obtinute in urma calcululuiindicelui de asimetrie ale filmelor subtiri

depuse pe substraturile din diferite tipuri de otel sunt prezentate in tabelul 4.
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Tabel 4. Valori minime, maxime si medii ale indicelui de asimetrie ale filmelor subtiri

depuse pe substraturile din diferite tipuri de otel.

Substrat| Film depus S maxim SecMinim S Mediu
1 2 3 4 5
OLC45 | AI_50 nm 1.0543 -1.1978 -0.0717
Cr_50 nm 0.9804 -0.9406 0.0199
Ti_100 nm 1.3628 -1.5943 -0.1157
Ti_Al_50_50 nm | 0.5641 -0.9308 -0.1833
Rull Al_50 nm 0.7067 -1.2334 -0.2633
Cr_50 nm 1.3159 -1.2578 0.0290
Ti_100 nm 1.2781 -1.1218 0.0781
Ti_Al_50_50nm | 0.4337 -1.8218 -1.3881
C120 Al_50 nm 1.0363 -1.1348 -0.0492
Cr_50 nm 1.4193 -1.2899 0.0647
Ti_ 100 nm 2.2409 -1.2562 0.4923
Ti_Al_50_50 nm | 0.3165 -1.6869 -0.6851
0osC Al_50 nm 1.4189 -1.1291 0.1449
Cr_50 nm 1.2573 -1.3932 -0.0679
Ti_ 100 nm 1.5740 -1.2738 0.1502
Ti_Al 50 50 nm | 2.3818 0.04161 1.2117

In concluzie: pe substratul din otel de tip OLC45 s-au obtinut straturi subtiri cu

grade de asimetrie diferite in functie de materialul depus. Pe substratul de otel tip Rull
stratul de aluminiu depus are un indice de asimetrie Sq mediu negative (conform tabelului
16) ceea ce demonstreaza o repartitie de sondaj asimetrica spre stanga. Tot pe acelasi tip de
otel si valorile indicelui de asimetrie a celorlalte doua straturi subtiri depuse (Cr si Ti) au

avut valori medii foarte apropiate de zero, putdndu-se considera ca este vorba despre o

distributie simetrica.

Stratul de aluminiu depus pe C120 are un indice de asimetrie Sg mediu negativ
(conform tabelului 16), dar foarte aproape de zero. Astfel, poate fi considerata o distributie
simetrica a stratului de aluminiu. Tot pe acelasi tip de otel, valorile indicelui de asimetrie a

celorlalte doua straturi subtiri depuse (Cr si Ti) au avut valori medii pozitive, dar putin

diferite.
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Si pe substratul de otel de tip OSC s-au obtinut valori variate ale indicelui de
asimetrie, in functie de material si de grosimea stratului depus. Straturile de Al si Ti au
valori pozitive ale indicelui de asimetrie, astfel ca avem de a face cu depuneri ale caror
repartitii de sondaj sunt asimetrice spre dreapta. Stratul de Cr are o valoare negativa a
acestui indice, avand o repartitie de sondaj asimetrica spre stanga. Ca si in cazul primului
tip de substrat prezentat, valorile indicelui de asimetrie sunt foarte apropiate de zero pentru
toate cele trei straturi depuse, astfel incat se poate considera ca acestea au o distributie
simetricd. Valorile obtinute in urma calculului coeficientului de aplatizare ale filmelor

subtiri depuse pe substraturile din diferite tipuri de otel sunt prezentate in tabelul 5.

Tabel 5. Valori minime, maxime si medii ale coeficientului de aplatizare ale filmelor

subtiri depuse pe substraturile din diferite tipuri de otel.

Substrat | Film depus Skaminim | Sy,maxim Skamediu Exces
OLC45 | AlL50nm 0.8471 1.2589 1.0530 -1.9470
Cr_50 nm 3.2135 -0.0060 1.0637 -1.9363
Ti_100 nm 2.6318 2.2308 24313 -0.5687
Ti_AI_50_50 nm | 0.5400 -0.8028 -0.1313 -3.1313
Rull Al_50 nm -0.2056 1.4852 0.6398 -2.3602
Cr_50 nm 1.4417 0.3965 0.9191 -2.0809
Ti_100 nm 1.3086 0.0123 0.6604 -2.3395
Ti_Al_50 50 nm| -0.8393 1.7311 0.4459 -2.5540
C120 Al_50 nm 1.0823 0.6564 0.8693 -2.1306
Cr_50 nm 2.7093 0.6000 1.6546 -1.3453
Ti_100 nm 7.2200 1.1633 41916 1.1916
Ti_AI_50 50 nm | -0.4691 | 2.5456 1.0382 -1.9617
osC Al_50 nm 2.8380 1.1115 1.9747 -1.0252
Cr_50 nm 1.8958 1.2973 1.5965 -1.4034
Ti_100 nm 3.8322 1.0229 24275 -0.5724
Ti_AI_50 50 nm | 6.7908 -1.5501 2.6203 -0.3796

In concluzie: In urma analizei valorilor obtinute in experimentele realizate s-a
observat ca valorile excesului calculat sunt atat pozitive cat si negativ, ceea ce indica o

repartitiec leptocurbica cat i platicurbica. Tindnd cont de definitia si importanta
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coeficientului de aplatizare, pentru probele studiate in aceste experimente s-au obtinut

rezultate ce indica urmatoarele concluzii:
> Valorile obtinute in urma analizei coeficientului de aplatizare ne
aratd o repartitie platicurticad a tuturor filmelor subtiri depuse
pe toate cele 4 tipuri de substrat;
> Exceptia este in cazul filmului de Ti de 100 nm grosime, a carui

exces are o valoare pozitivd, prin urmare o repartitie

leptocurtica.

4.4, Determinarea duritatii straturilor subtiri depuse
Sistemul HMV-2, duritatea straturilor subtiri depuse a fost analizatautilizand
sistemul pentru masurarea micro-duritatii HMV-2 din dotarea Laboratorului Incercari

Metalografice din cadrul Univeristatii Politehnica Bucuresti.

Figura 5. Sistemul automat de citire pentru testele de duritate Vickers.

e

In urma masuratorilor duritatii realizate la o temperatura de 24°C, umiditate de
50%, cu o forta F = 98.07mN, HV, ¢ in 10 secunde s-au obtinut rezultatele prezentate in
tabelul 6.
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Tabel 6. Rezultate obtinute in urma masurarii duritatii straturilor nanostructurate depuse pe

tipuri diferite de otel.

Strat | Substrat Puncte masurate SD CVv M
(Deviatie | (Coeficient | (Valoarea
standard) | de variatie) | medie a
duritatii)
1 2 3 4 5 6
Ti OLC45 | 92,4;90,2; 90,8; 88,0; 96,2 3,05 3,34 91,5
Rull 79,5; 79,8; 80,5; 79,6; 75,7 1,90 2,40 79,0
C120 85,5; 86,8; 86,7; 82,3; 93,3 4,00 4,61 86,9
OSC8 | 89,9;94,4; 87,1; 95,6; 88,0 381 4,19 91,0
Cr OLC45 | 94,0; 101; 89,5; 93,8; 95,6 4,15 4,38 94,8
Rull 97,7,94,3; 92,7, 95,9; 91,1 2,59 2,75 94,3
C120 88,4;91,3; 91,4; 98,9; 102 5,76 6,10 94,4
OSC8 | 93,4;92,9; 97,7; 100; 99 321 3,32 96,6
Al OLC45 | 81,3;81,9; 82,3;80,1; 81,5 0,83 1,02 81,4
Rull 83,9; 87,1; 84,6; 86,0; 83,0 1,64 1,93 84,9
C120 83,4; 86,3; 86,6; 84,7; 82,8 1,69 2,00 84,8
0OSC8 | 82,9; 83,3; 88,6; 85,6; 81,6 2,76 3,27 84,4
Ti+Al | OLC45 | 87,4;84,4;85,9;82,2;79,8 | 3,01 3,58 83,9
Rull 77,6; 84,4;81,1;80,8; 82,8 | 2,54 3,12 81,3
C120 80,8; 82,9; 86,4; 87,6; 83,7 | 2,73 3,24 84,3
OsSC8 | 91,0;81,6; 82,9; 86,7; 89,3 | 4,03 4,67 86,3

In urma analizei valorilor medii ale durititii tuturor straturilor depuse pe
diferitele tipuri de substraturi, principala concluzie: valoarea medie cea mai ridicatd a
duritatii pentru toate cele patru tipuri de straturi nanometrice o intanlim pe suprafata
substratului OSC8.Acest lucru ar putea sa indice i o buna aderenta a straturilor depuse pe

acest tip de substrat
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4.5. Determinarea aderentei straturilor subtiri depuse

Sistemul CETR-UMT 2
Un sistem CETR-UMT, din dotarea Laboratorului incercari Metalografice din cadrul
Univeristatii Politehnica Bucuresti a fost utilizat pentru a realiza masuratori si teste in

scopul determinarii aderentei straturilor subtiri.

Figura 6. Sistem CETR-UMT 2.

Aderenta straturilor metalice depuse pe diferite substraturi de otel a fost
determinata prin teste de zgariere utilizand sistemul CETR-UMT 2, dupa un ciclu de
masura in 3 pasi, cu o forta normala de 5 N, pe o lungime de 5 mm, cu o viteza de 0.2
mm/s, avand o durata de 25s.

Au fost utilizate si determinate forta tangentiala Fy; forta normala F;; deplasarea
pe directia normala Z; deplasarea pe directia tangentiala Y; timpul T; forta de frecare

(valoarea in modul a lui Fy) Fr; coeficientul de frecare (raportul F/F, in modul) COF.

Tabel 7. Valorile medii obtinute in urma testarilor si masuratorilor de aderenta

Strat Substrat | Timp [s] Adancime [mm]| Forta F¢[N] | COF
1 2 3 4 5 6
OLC45 1,9312 0,01 3,915 0,81
Ti 100nm
Rull 1,9609 0,0105 3,139 0,639
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1 2 3 4 5 6
C120 2,0527 0,012 4,16 0,846
0SC8 | 1,656 0,0105 4,482 091
OLC45 | 2,6121 0,0185 4,876 0,991
cr sonm | RUL 1,606 0,01 3,891 0,802
C120 2,012 0,013 3,557 0,719
0SC8 | 2,3779 0,021 3,461 0,717
OLC45 | 3,729 0,0165 3,497 0,727
Atsonm | R 39331 0,01 3,229 0,664
C120 25 0,009 2972 0,605
0SC8 | 4,4307 0,02 6,272 1,267
OLC45 | 2,053 0,013 3,658 0,739
Tisonm+ Rull 2,012 0,0125 3,199 0,647
AI50nm | C120 | 1,8591 0,01 3,503 0,702
0SC8 | 2,0829 0,017 3,354 0,701

Se observi ca dintre toate filmele subtiri depuse, cromul este cel care prezinta
cea mai mare aderenta pentru doua tipuri de substraturi. Titanul are si el o aderenta ridicata
la substratul de tip C120.

in ceea ce priveste momentul desprinderiiAl se desprinde cel mai rapid de
proba de substratul de tip C120, Cr de pe Rull, Ti de pe substratul de tip OSCS8, iar
multistratul Ti+Al se desprinde cel mai repede de pe substratul C120.

Daca se iau in considerare, in principal, valorile timpilor de desprindere pe
cele 4 tipuri de substraturi se observa ca Al prezinta cel mai tarziu moment de desprindere
pe toate cele 4 oteluri, ceea ce poate indica o buna aderenta intre acesta si variantele de
otel.

Pentru caracterizarea topografica a straturilor subtiri depuse si supuse testelor
de zgariere a fost folosit si sistemul de masurare cu laser a microgeometriei suprafetelor -
KLA TENCOR MICRO XAM 100 fiind obtinute rezultate similare. In figura 7 sunt
prezentate cateva imagini obtinute in urma unor astfel de analize folosind un cap de

masurare 50x.
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Se pot observa aceleasi suprafete cu o uniformitate destul de scazuta, la nivel
micro, dar cu o valoare a rugozitatii de nivel nm.

in urma caracterizirii topografice complete a suprafetelor straturilor subtiri
depuse si supuse testelor de zgariere au fost determinati diferiti parametrii topografici:
rugozitatea R,, asimetria suprafetei Rq, coeficientul de aplatizare Ry, indltimea maxima
hmax, inaltimea in 10 puncte R,, acestia oferind informatii despre suprafata scanata. Pentru
interpretarea datelor obtinute au fost utilizate valorile medii ale parametrilor topografici.
Valorile fiecarui parametru topografic important determinat a fost analizat, in primul rand

printr-o variatie a fiecaruia in functie de materialul depus si de tipul de substrat.

Tabel 8. Parametrii topografici ai suprafetelor filmelor subtiri supuse testelor de
zgariere determinati utilizind microscopul de fortaatomica NTEGRA NT-MDT si softul
microscopului — NOVA SPM Software.

Substral Material | Ramedie | Rs«mediu | Rwmediu | hmaxmedie| R medie
depus (nm)
1 2 3 4 5 6 7

OLC 45 Al 112.02 0.465 0.707 568.2 3775
Cr 113 1.137 1.250 568 284

Ti 58 0.899 1.430 367.1 180.3

Ti+Al 95.37 1.551 2.358 646.6 319

Rull Al 81.18 0.861 0.668 488.3 240.2
Cr 62 0.864 0.982 430 238
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1 2 3 4 5 6 7

Ti 54 1.162 1.469 397.4 196.7

Ti+Al 102.39 1.176 0.895 603.5 299.4

C120 Al 1245 0.955 1.077 660.9 3315
Cr 47 1.756 5.795 442 218

Ti 115 0.343 0.647 653.7 326.6

Ti+Al 117.74 1.273 1.064 658 327.2

0SC8 Al 167.6 0.410 1.154 696.5 3775
Cr 43 1.450 3.998 353 172

Ti 62 0.415 0.325 317.7 198.8

Ti+Al 123.79 0.905 0.066 624.4 310.5

Pe substratul de otel tip OLC45, valoare a rugozitatii stratului de Ti depus

indica faptul ca este cel mai putin deteriorat strat pe acest tip de substrat. Luand in calcul si

valorile rugozitatii acestui strat pe celelalte substraturi, rezultd ca Ti a fost putin deteriorat

dupa testul de zgariere atunci cand a fost depus si pe OSC8, respectiv C120. Acest lucru

indica rezistentd marita aceste valori pot fi influentate si de grosimea stratului depus.

Intre Al si Cr, straturi cu aceeasi grosime, valoarea rugozitatii indica o

deterioarare mai mare a Cr pe substratul de tip Rull si OLC45. Pe substraturile din otel

OSCS8 si C120, Al este mai deteriorat, Cr avand o suprafata mai rezistentd. Multistratul

Ti+Al are o valoare a rugozitatii dependenta de faptul ca stratul superior este cel de, Ti iar

Al are o aderentd mai buna la cele patru tipuri de substraturi testate.

fncercirile experimentale si analizele efectuate au condus la formularea

urmatoarelor concluzii:

>

>

am fiacut fincerciri experimentale de depunere straturi
nanometrice, filme subtiri de Al, Cr, Ti si multistrat Ti+Al prin
metoda de evaporare cu fascicul de electroni. Au fost
obtinute straturi de Al si Cr cu grosimea de 50 nm, strat de Ti cu
grosimea de 100 nm si multistrat Ti+Al cu grosimea de 100 nm
depuse pe substraturi de tip OLC54, Rull, C120, OSCS8;

in cadrul cercetirilor au fost realizate teste si misuritori pentru
caracterizarea fizico-mecanica si topografica a filmelor subtiri

depuse;
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»

>

au fost analizate rezultatele obtinute in urma caracterizarii
structurilor nanometrice depuse: caracterizari structurale si
caracterizari ale topografiei superficiale rezultate prin acoperire,
caracterizari fizico-mecanice (determinarea duritatii si aderentei
straturilor);

in urma analizei valorilor unor parametrii tribologici, precum
rugozitate, asimetria suprafetei si coeficient de aplatizare s-a ajuns
la concluzia ca pe substratul de otel de tip OSC8 sunt depuse
straturile cu cea mai uniforma suprafata. S-a observat ca pe toate
tipurile de otel folosite ca substrat, Ti are valoarea cea mai mica a
rugozitatii, urmat de Al si apoi de Cr;

valoarea pozitiva a indicelui de asimetrie pentru toate straturile
depuse indica o repartitie de sondaj asimetrica spre dreapta;
coeficientul de aplatizareprezintd pentru toate straturile depuse
valori care conduc cétre un exces negativ, ceea ce indica o repatitie

platicurtica (curba este aplatizata);

s-a observat ca pe toate cele 4 tipuri de substrat, Cr este filmul
subtire depus care prezinti cea mai mare duritate. Ti are si el o
duritate ridicata, dar in momentul in care acesta este combinat cu
Al, duritatea sa scade, avand in vedere c stratul superior este cel de
Al, un metal cu o duritate mai scazuti. Pe suprafata substratului
OSC8 s-a obtinut valoarea medie cea mai ridicata a duritatii pentru

toate cele patru tipuri de straturi nanometrice;

in urma studierii aderentei straturilor depuse s-a ajuns la
concluzia ca Al se desprinde cel mai rapid de pe substratul de tip
C120, Cr de pe Rull, Ti de pe substratul de tip OSC8, iar
multistratul Ti+Al se desprinde cel mai repede de pe substratul
C120. Luand in considerare efectiv valorile timpilor de desprindere
pe cele 4 tipuri de substraturi s-a observat ca Al prezintd cel mai
tarziu moment de desprindere pe toate cele 4 oteluri, ceea ce poate

indicd o buna aderenta intre acesta si variantele de otel;
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> valorile medii ale indicelui de asimetrie, al celor trei tipuri de
straturi depuse pe cele patru tipuri de substraturi au avut valori
foarte apropiate de zero, majoritatea sub 0,1 s-a ajuns la concluzia
ca acestea au o distributie simetrica. Singura exceptie a fost in cazul
stratului de Ti care la o grosime de 100 nm depus pe substratul de

otel de tip C120, care are o repartitie asimetrica spre dreapta;

> analiza valorilor coeficientului de aplatizare a probelor studiate
indica o repartitie platicurticd (curba este aplatizatd) a tuturor
filmelor subtiri depuse pe toate cele patru tipuri de substrat; cu
exceptia filmului de Ti de 100 nm grosime, care are o repartitie
leptocurtica (inaltimea curbei este mai mare comparativ cu cea

normald);

> tinind cont de faptul ci valorile medii ale rugozititii sunt de

ordinul nm s-a considerat ca nu a existat o distrugere foarte mare

a straturilor depuse. Stratul de Ti depus pe toate cele patru tipuri

de otel prezintd cea mai mica valoare a rugozitatii dintre toate

straturile depuse. Faptul ca testele de zgariere nu au distrus

suprafatd foarte tare a fost interpretat ca o buna aderenta a stratului

de Ti pe tipurile de substraturi de otel utilizate in experimente;

Succesiunea de cercetiri experimentale realizate in cadrul acestei teze de
doctorat, pornind de la depunerea de filme subtiri metalice pe diferite substraturi de otel,
pana la caracterizarea lor fizico-mecanica a urmarit evolutia unei structuri

nanocompozite de acoperire, care poate fi aplicati intr-un sistem mecatronic.
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CAPITOLUL V. MATERIALE SI ECHIPAMENTE FOLOSITE PENTRU
TESTAREA FILMELOR SUBTIRI iN SISTEME MECATRONICE REALE

in urma testelor efectuate pe probele de laborator, filmele subtiri de Ti (100 nm)
si Cr (50 nm) care au fost considerate ca avand proprietati superioare, au fost depuse pe un
sistem mecatronic real realizat din Rull. Comportamentul straturilor de Ti si Cr depuse pe
componente mecatronice (dispozitiv de ghidare-precentrare) a fost analizat comparativ cu
scopul de a obtine informatii legate de rezistenta la uzura a acestor straturi in mediu real.

Testarile (respectiv incercarile functionale)au fost realizate in conditii dinamice
si de timp real, avand ca scop evaluarea comportamentului tribologic al componentelor
apartindnd unui dispozitiv de ghidare-precentrare, luat ca exemplu in cercetarea privind
uzura suprafetelor cu depuneri de Cr si Ti, in comparatie cu suprafetele fara depuneri.

Schema dispozitivului de ghidare-precentrare este prezentatd in figura 8.

Componentele acestui dispozitiv se pot observa in figura 9.

Figura 8. Schema dispozitivului de ghidare-precentrare

Figura 9.Componentele dispozitivului de ghidare testate.
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Programul de testare a cuprins determinari ale uzurii la piesele tip cep conic
neacoperite si acoperite (diametru mare 14 cm, diametru mic 10 cm), masurari ale duritatii
suprafetelor si determinarea diametrelor inainte si dupa testele de uzare.

5.1. Caracterizarea topografica a componentelor mecatronice reale

Caracterizarea topografica a suprafetelor componentelor mecatronice reale
neacoperite si a straturilor subtiri depuse pe suprafata lor si supuse testelor de uzura in
mediu real a fost realizatd utilizdnd microscopul de forta atomici NTEGRA NT-MDT, din
dotarea ,,Laboratorului MEMS & NEMS Mecatronice Nanometrice din cadrul
Institutului National de Cercetare Dezvoltare pentru Mecatronici si Tehnica
Masuririi - INCDMTM.”

Pentru o caracterizare topografica completa a suprafetelor au fost realizate
scanari ale unor suprafete de 50x50 pum cu microscopul de fortdatomica si au fost
determinati diferiti parametrii topografici cu ajutorul NOVA SPM Software — softul
microscopului.

Parametrii topografici determinati sunt rugozitatea R,, asimetria suprafetei Ry,
coeficientul de aplatizare Ry,, inaltimea maxima hpa, indltimea in 10 puncte R, (definiti in

capitolul 4.3), acestia oferind informatii despre suprafata scanata.

5.1.1. Caracterizarea topografici a componentelor mecatronice
testate
Componentele mecatronice studiate au fost caracterizate la scald microscopica
utilizdnd camera video a microscopului de fortd atomica NTEGRA. Cateva imagini
obtinute sunt prezentate in continuare (Figura 10 si Figura 11). Din toate aceste analize s-a
observat ca exista o uniformitate a suprafetelor, insa, la nivel microscopic, toate par a avea

o suprafata nu foarte plana.
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Figura 10. Suprafata componentei mecatronice cu diametru mare (14 cm).

RSP R IR

inaintea depunerii straturilor subtiri de Ti si Cr pe substraturi din otel de tip
Rull, componenta mecatronicd a fost analizatd din punct de vedere topografic utilizind

microscopia de fortd atomica. Au fost realizate scanari de 50x50 um pentru a fi determinati

parametrii topografici mentionati anterior.

Tabel 9. Parametrii topografici ai componentei mecatronice cu diametru mare inainte de

testare.
2D/ 3D Parametrii topografici Profil pe axa x/y
1 2 3
Amaunt of sampling 2652
Max 0525521 nm
Min 0 hm
Peak-to-pealk, Sy 0.525521 nm 3l .
Ten paint height, 5z 0.265003 nm H L
Average 0.24521 nm i e =
Average Roughness, Sa 0.103544 nm
Root Mean Square, 5q 0.126103 nm
Second moment 0.0760313

Surface skewness, Ssk 0515818
Coefficient of kurtosis, Ska  -0.556308

Entropy 7.10758 —
Redundance 10,6651 J = i
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1

2

3

Parametrii topografici ai componentei mecatronice cu diametru mare dupa testare

Armount of sampling

Max

Min

Peak-to-peak, Sy

Ten point height, Sz
Average

Average Roughness, Sa
Faoot Mean Square, 5q
Second moment
Surface skewness, Ssk
Coefficient of kurtosis, Ska
Entropy

Redundance

2850
0.681392 nm
0 rm
0.6813592 nm
0.342443 nm
0.36684 nm
0.16356 nm
0.183447 nm
0.170482
0.124034
-1.15943
7.42939
29112

Tabel 10. Parametrii topografici ai componentei mecatronice cu diametru mic Tnainte de

testare
2D/ 3D Parametrii topografici Profil pe axa x/y
1 2 3
Amaount of sampling 26m e
b 0311376 rm 4
Min Onm ™
Peak-to-peak, Sy 0.311376 nm
Ten point height, 52 0147434 nm
Awerage (0.0604736 nm .
Average Aoughness, Sa 00377283 nm S LA
Raot Mean Square, 59 0.0501872 nm
Second moment (10067 7654
Surface skewness, Sk 1.52377
Coefficient of kutosis, Ska  2.74746
Entropy 5.78551
Fedundance 137936
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1 | 2 | 3
Parametrii topografici ai componentei mecatronice cu diametru mic dupa testare
2D/ 3D Parametrii topografici Profil pe axa xly
F ] Amount of sampling 2601 r e
Max 064126 nm iy D
L Min 0153277 nm
| Peak-to-peak, Sy 0.457984 nm 8
", Ten point height, Sz 0.400397 nm 1
.. . o - Average 0.512005 nm = N i
Awerage Roughness, 5a 012327 nm
Root Mean Sgquare, Sg 0.138838 nm
Second moment 0281425 .
Surface skewness, Ssk -0.E748 ; N

2543

4 1
i § Coefficient of kurtosis, Ska  -0.962076 L
Entropy 583318 f =
Redundance 81730 5 AN
» v- . - y

Tabel 11.Valori medii ale parametrilor topografici obtinuti in urma caracterizarii
suprafetelor componentelor mecatronice din otel de tip Rull, cu diametru mare si cu

diametru mic, inainte de testare.

Indicele de Coeficient de
Suprafata Rugozitate R, | asimetrie Ry | aplatizare Ry,

Componenta mecatronica
Rull cu diametru mare 0.09803766 0.963071733 | 1.1939654
Componenta mecatronica

Rull cu diametru mic 0.06636966 1.1821864 1.328807467

In urma analizei suprafetei stratului de otel de tip Rull a celor doud piese (cu
diametru mare si cu diametru mic) utilizate in experimentari s-a observat ca rugozitatea a
avut valori medii pana in 100 nm. Acestea indica o suprafata neteda, cu cateva abateri de la
forma ideald prezente posibil in urma efectuarii procesarii dinaintea testarii la uzura.
Valorile acestui parametru nu pot demonstra o suprafata aspra.

Indicele de asimetrie Ry evalueaza gradul de asimetrie a suprafetei celor doud
piese. Atat pentru piesa cu diametru mare, cat si pentru cea cu diametru mic, valorile
acestui parametru sunt pozitive, ceea ce indicd o repartitic de sondaj asimetrica spre
dreapta. Tinand cont si de coeficientul de aplatizare Ry, a fost apreciatda mai complex forma

distributiei suprafetei de otel de tip Rull de pe cele doua piese. Acesta tine cont de exces E
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— diferenta dintre coeficientul de aplatizare si trei. Conform valorilor coeficientului de
aplatizare obtinute, cele doud piese au excesul negativ, ceea ce indicd o repartitie

platicurtica (o curba aplatizata a histogramei care se poate realiza).

Tabel 12.Valori medii ale parametrilor topografici obtinuti in urma caracterizarii
suprafetelor componentelor mecatronice din otel de tip Rull, cu diametru mare si cu

diametru mic, dupa testare.

Indicele de Coeficient de
Suprafata Rugozitate R, asimetrie Ry aplatizare Rga
Componenta mecatronica
Rull cu diametru mare 0.146217207 0.7138672 -0.318472407
Componenta mecatronica
Rull cu diametru mic 0.077953533 -1.5588624 2.712825933

In urma testelor de uzare, valorile rugozititii au crescut in cazul suprafetelor
ambelor piese. Variatia acestui parametru este mai mare in cazul piesei cu diametru mare,
care poate demonstra existenta unei suprafete dure, distruse in urma testelor de uzura.
Variatia de doar 11 nm care apare pentru piesa cu diametru mai mic, indica faptul ca
aceasta a avut o rezistentd mai mare la testele de zgariere fata de piesa cu duritate mare.

Indicele de asimetrie scade in urma testelor de uzurd in cazul ambelor piese.
Componenta mecatronicd cu diametru mare are un indice Ry pozitiv, ceea ce indica o
repartitie de sondaj asimetrica spre dreapta. Coeficientul de aplatizare Ry, scade in cazul
acestei piese, ducand la un efort negativ mai mare decat inainte de testele de uzura, ceea ce
demonstreaza existenta unei repartitii platicurtice (o curba aplatizata a histogramei care se
poate realiza).

Pentru componenta mecatronicd cu diametru mic, indicele de asimetrie Ry
scade, devenind negativ si demonstreaza in acest fel existenta unei repartitii de sondaj
asimetrica spre stinga. Acest lucru indica si distrugerea suprafetei, avand ca urmare
schimbarea asimetriei suprafetei, in urma testelor de uzura.

Coeficientul de aplatizare Ry, Creste in cazul componentei mecatronice cu
diametru mic, insd valoarea sa aratd existenta unui exces negativ, care nu duce la
schimbarea tipului de repartitie existenta anterior. Este vorba despre o repartitie platicurtica
(adica o curba aplatizata a histogramei care se poate realiza), care poate indica o deteriorare

mai scazutd a suprafetei in urma proceselor de testare.
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5.1.2. Caracterizarea topografica a straturilor subtiri depuse pe
componentele mecatronice reale
in urma depunerii prin evaporare cu fascicul de electroni au fost obtinute
straturi subtiri de Ti si Cr pe substraturi din otel de tip Rull. Aceste straturi au avut grosimi
de 50 nm (Cr) si 100 nm (T1).
Filmele subtiri depuse au fost caracterizate la scala microscopica utilizdnd
camera video a microscopului de fortd atomica NTEGRA. Cateva imagini obtinute sunt

prezentate in Figura 12 si Figura 13.

Figura 12.Suprafata stratului de Ti depus pe componenta mecatronica cu

diametru mare

kil
il ad

Marire maxima

Figura 13.Suprafata stratului de Cr depus pe componenta mecatronica cu diametru mic.

Marire maxima

in urma scandrii cu ajutorul microscopului de fortd atomica a unor suprafete de
50x50 pum de pe diferitele filme depuse, au putut fi analizati parametrii topografici, care
ofera informatii legate de distributia stratului depus si supus testelor de uzura. In acest fel s-
a realizat caracterizarea in detaliu a structurii filmelor metalice diferite depuse pe

componente mecatronice realizate din otel de tip Rull.
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Tabel 13. Parametrii topografici ai suprafetei stratului de Ti depus pe componenta

mecatronicd cu diametru 14 cm inainte de testare

2D/ 3D Parametrii topografici Profil pe axa xly
1 2 3
il Amount of zampling 2601
] Max 0.683955 nm S
§ Hin nm =
| Peak-to-peak, Sy 0.653955 nm ~ =
1 Ten point height, 5z 0.339936 nm == =
. Average 0.119485 nm
Average Roughness, Sa 0.0781562 nm
Root Mean Square, Sq 010968 nm R
Second moment 00263064
Surface skewness, Ssk 213419
Coefficient of kurtosis, Ska  5.83106
- Entropy E.40448
Redundance 751826 - —

Parametrii topografici ai

suprafetei stratului de Ti, depus pe componenta mecatronicg

cu diametru de 14 cm, dupa testare

Amount of sampling 2652

tan 0.641428 rim
tin 0 nm
Peak-to-peak, Sy 0.641428 nm
Ten point height, Sz 0.316231 nm
Average 0142121 nm
Awerage Roughness, Sa 0.0988654 nm
Fioot Mean Square, 5q 0.135658 nm
Secand moment 0.0386015
Surface skewness, Ssk 1.76918
Coefficient of kurtosis, Ska  2.54383
Entropy E.EOO7S
Fedundance B.23244

Drd. Ing Gornoava Valentin

33



Straturi subtiri nanometrice pentru imbunatitirea caracteristicilor tribologice

ale componentelor mecatronice

Tabel 14.Parametrii topografici ai suprafetei stratului de Cr depus pe componenta

mecatronica cu diametru de 10 cm inainte de testare

2D/ 3D Parametrii topografici Profil pe axa x/y
1 2 3
A Amount of sampling 2550
Man 0.222782 nm
Min Orim — =
Peak-to-peak, Sy 0222782 nm —
Ten point height, Sz 0105821 nm WA
Average 0.0341267 nm
Awerage Roughness, Sa 0.0194193 nm
Fioot Mean Square, 5q 0.0265336 nm
—— - Second moment 0.00196868

Surface skewness, Ssk 20509

Coefficient of kurtosis, Ska  7.41095
Entropy 5.20772
Redundance -16.9473

cu diametru de 10 cm,

Parametrii topografici ai suprafetei stratului de Cr, depus pe componenta mecatronic|

dupa testare

2D/ 3D

Parametrii topografici

Profil pe axa x/y

Amount of sampling 2652

Man (1134585 nm
Min nm
Peak-to-peak, Sy (0.134585 nm
Ten paint height, 52 0.0605631 nm
Average 0.0250818 nm
Average Roughness, Sa 0.0143045 nm
Roat Mean Square, Sq 0.0189031 nm
Second moment 0.000386423
Surface skewness, Sk 162348

Coefficient of kurtosis, Ska 30254
Entropy 414962
Redundance -21.7796

Tabel 15.Valori medii ale parametrilor topografici obtinuti in urma caracterizarii
suprafetelor straturilor subtiri depuse

Indicele de Coeficient de
Strat depus Rugozitate R, asimetrie Ry aplatizare Rga
Ti 100 nm 0.08146768 1.334335933 2.207712333
Cr 50 nm 0.034456727 1.755032333 4.3030202
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in concluzie: valoile rugozitatii suprafetelor celor doua straturi (Ti si Cr)
depuse, de ordinul zecilor de nm, pe cele doua piese indica existenta unor straturi uniforme,
bine depuse, stratul de Cr fiind mult mai neted decat cel de Ti.

Indicele de asimetrie Ry al stratului de Ti depus pe suprafata componentei
mecatronice cu diametru mare are o valoare pozitiva, ceea ce indica o repartitie de sondaj a
suprafetei stratului depus asimetrica spre dreapta. Coeficientul de aplatizare are o valoare
pozitiva, insd excesul care rezultd este tot negativ. Acest lucru indicd o repartitie
platicurtica (adica o curba aplatizata a histogramei care se poate realiza). Avand in vedere
ca valoarea excesului este egala cu -0.792287667, foarte apropiata de zero, se apropie de o
repartitie mezocurtica.

Indicele de asimetrie Ry al stratului de Cr depus pe suprafata componentei
mecatronice cu diametru mare are o valoare pozitiva, ceea ce indicad o repartitie de sondaj a
suprafetei stratului depus asimetrica spre dreapta. Coeficientul de aplatizare Ry, are o
valoare pozitiva, dar destul de mare, astfel incat excesul este pozitiv. Tindnd cont de acest
lucru, rezulta ca stratul de Cr depus are o repartitie leptocurtica (indltimea curbei

histogramei care se poate obtine este mai mare comparativ cu cea normala).

Tabel 16.Valori medii ale parametrilor topografici obtinuti in urma caracterizarii

suprafetelor straturilor subtiri depuse si supuse testelor de uzura

Indicele de Coeficient
Strat depus Rugozitate R, asimetrie Ry aplatizare Ry,
Ti 100 nm 0.09712726 1.165551267 1.500688553
Cr50nm 0.0421583 1.693178 3.480143333

In urma testelor de uzura, valorile rugozitatii celor doud straturi cresc, insa cu
valori foarte mici, ceea ce indica o rezistentd crescutd a celor doud materiale. Diferenta
intre cele doua valori (inainte si dupa testare) este mai mica pentru stratul de Cr,
evidentiind o rezistentd mai mare a acestui strat fata de cel de Ti.

Indicele de asimetrie R al suprafetei stratului de Ti dupa testele de uzura are o
valoare pozitiva, dar mai mica decat cea a stratului depus, ceea ce indica o repartitie de
sondaj asimetrica spre dreapta. $i coeficientul de aplatizare Ry, are o valoare mai mica

decat cel dinaintea testelor, dar tot pozitiva. Acest lucru conduce la un exces negativ,
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indicand o repartitie platicurtica (adicd o curba aplatizata a histogramei care se poate
realiza).

Indicele de asimetrie R al suprafetei stratului de Cr dupa testele de uzura are o
valoare pozitiva, dar mai mica decat cea a stratului depus, ceea ce indica o repartitie de
sondaj asimetrica spre dreapta. Si in cazul acestui strat coeficientul de aplatizare Ry, are o
valoare mai micad decat cel dinaintea testelor, dar tot pozitiva. Excesul obtinut insa este
pozitiv. Tinand cont de acest lucru, rezulta ca stratul de Cr depus si supus testelor de uzura
are o repartitie leptocurtica (inalfimea curbei histogramei care se poate obtine este mai
mare comparativ cu cea normala). Avand in vedere ca valoarea excesului este egala cu
0.48014333, foarte apropiata de zero, se apropie de o repartitic mezocurtica.

in urma analizei comparative a parametrilor topografici obtinuti, se observa o
scadere a rugozitatii suprafetelor ambelor componente mecatronice testate, atat a celei
acoperite cu Ti cét si a celei acoperite cu Cr. In cele doua cazuri, diferenta rezultata este de:

»  0.049089947 pentru stratul de Ti depus pe componenta mecatronica

cu diametru mare

»  0.035795233 pentru stratul de Cr depus pe componenta mecatronica

cu diametru mic

Aceasta scadere a rugozitatii, care inseamna si o distrugere scazuta a suprafetei,
demonstreazd o crestere a rezistentei suprafetei componentei mecatronice in urma
depunerii pe suprafata sa a celor doua tipuri de straturi metalice.

in urma depunerii straturilor si a analizei rugozitatii suprafetei celor doua
componente neacoperite cu rugozitatea stratului in urma testelor de uzura s-a observat
pentru ambele materiale o scadere a rugozitatii suprafetei componentei testate. Aceasta
demonstreaza inca o data faptul ca straturile subtiri de Ti si Cr imbunatatesc rezistenta la
uzura a componentelor mecatronice realizate din otel de tip Rull.

Daca se iau in considerare valorile rugozitatii celor doua straturi dupa testare, s-
a observat ca valoarea acestui parametru pentru suprafata stratului de Cr este mai mica
decat cel al suprafetei stratului de Ti. Acest lucru demonstreaza o distrugere mai mica a
uniformitatii stratului de Cr in comparatie cu cel de Ti, si, din nou, utilitatea acestor straturi

subtiri in aplicatiile mecatronice.
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5.2. Determinarea diametrului componentelor testate

Pentru determinarea diametrului componentelor mecatronice inainte si dupa
testele de uzura au fost utilizate masina de masurat lungimi DMS 680, masina de masurat
in coordonate MH-3D (din dotarea Laboratoruluiincerciri Lungimi din cadrul
Institutului National de Cercetare Dezvoltare pentru Mecatronicid si Tehnica
Masurarii) sisistemul de masurare noncontact prin scanarea razei laser - AEROEL din
dotarea Centrului de Tehnologii Inteligente de Misurare din cadrul INCDMTM.

Valorile diametrelor componentelor mecatronice utilizate in prezentul studiu
aplicativ au fost utilizate pentru a determina uzura care apare in urma utilizarii acestora.

Astfel, au fost determinate diametrele componentei mecatronice cu diametru
mare, diametrele componentei mecatronice cu diametru mic neacoperite din Rull,
diametrele componentei mecatronice cu diametru mare din Rull acoperitd cu strat de Ti
(100 nm grosime) si diametrele componentei mecatronice cu diametru mic din Rull
acoperita cu strat de Cr (50 nm).

Componentele mecatronice au fost supuse unor teste de uzare prin rotatie.
Componentd cu diametru mare a fost supusd la 13800 (5 ore) cicluri de rotatie, iar
componenta cu diametru mic a fost supusa la 8280 (3 ore) de cicluri de rotatie. Valorile
medii ale diametrului piesei obtinute inainte si dupa testare sunt prezentate in tabelul 17.
Tabel 51. Valoarea medie a diametrului componentei mecatronice cu diametru mare inainte

si dupa testare

Nr. Crt. Diametru initial Diametru dupa testare 5 ore

Valoare medie 13.9901281 13.989532

Se poate observa o scadere a diametrului componentei mecatronice, care se
datoreaza uzurii in urma testarilor prin rotatie realizate. Este vorba despre o valoare de
0.0005961 mm, adica 596.1 nm (o medie de 0,043 nm distrusi in timpul fiecarui ciclu de
rotatie). Acest lucru implica distrugerea unui strat de 298.05 nm din suprafata componentei
mecatronice testate dupa cele 13800 de cicluri de rotatie.

Tabel 18. Valoarea medie a diametrului componentei mecatronice cu diametru mic inainte
si dupa testare

Nr. Crt. Diametru initial Diametru dupa testare 3 ore

Valoare medie| 99963008 9.9960687
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O valoare mai mica a scaderii diametrului apare in cazul componentei
mecatronice cu diametru mic, in urma efectuarii celor 8280 de cicluri. Este vorba despre o
diferentd de 0.0002321 mm, adica 232,1 nm (o medie de 0,028 nm distrusi in timpul
fiecarui ciclu de rotatie). Aceasta inseamnd distrugerea unui strat de 116.05 nm din
suprafata componentei mecatronice testate dupa cele 8280 de cicluri de rotatie.

Si componentele mecatronice acoperite cu straturi de Ti (100 nm) si Cr (50 nm)
au fost supuse unor astfel de teste, fiind supuse la 2760 (1 ord), 5520 (2 ore) si in final la
8280 (3 ore) de cicluri de rotatie. Valorile medii ale diametrului celor doua piese acoperite

cu Ti si Cr obtinute inainte si dupa testare sunt prezentate in tabelul 53.

Tabel 53. Valorile medii ale diametrelor componentei mecatronice cu diametru mare
acoperitd cu strat de Ti si a componentei mecatronice cu diametru mic acoperitd cu strat de

Cr, inainte si dupa testare

Strat depus | Diametru | Diametru Diametru Diametru
initial dupa dupa dupa
testare 1 ora | Testare 2 ore testare 3 ore
Ti (100nm) | 13.9921731 | 13.992053 13.9919686 13.9918411
Cr(50nm) | 9.9901908 | 9.9901659 9.9900921 9.9899807

Componenta mecatronica cu diametru mare, acoperita cu un strat de Ti de 100
nm, a avut o scadere a diametrului de 0.000332 mm, adica 332 nm (o medie de 0,04 nm
distrusi in timpul fiecarui ciclu de rotatie). Astfel, este vorba despre o distrugere a unui
strat de 166 nm dupa cele 8280 de cicluri de rotatie. Dupa 5520 de cicluri de rotatie exista
o distrugere a unui strat de 102.25 nm, ceea ce inseamna ca stratul de Ti s-a distrus inainte
de 2 ore de testare.

Componenta mecatronica cu diametru mic, acoperita cu un strat de Cr de 50
nm, a avut o scadere a diametrului de 0.0002101 mm, adica 210.1 nm (o medie de 0,025
nm distrusi in timpul fiecarui ciclu de rotatie). Astfel, este vorba despre o distrugere a unui
strat de 105.05 nm dupa cele 8280 de cicluri de rotatie. Dupa 5520 de cicluri de rotatie
exista o distrugere a unui strat de 49.35 nm, ceea ce inseamna ca stratul de Cr s-a distrus
dupa 2 ore de testare.

Din aceste observatii se poate concluziona ca stratul de Cr, desi este mai subtire,

are o rezistentd mai mare la testele de uzura. Diferenta de rezistenta intre cele doua straturi
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nu este foarte mare, insd un strat de Cr cu grosime de doua ori mai mica decat cea a
stratului de Ti rezista putin mai mult unui test de uzura desfasurat in aceleasi conditii.

in plus, in cazul componentei mecatronice cu diametru mic a fost distrus un
strat de 116.05 nm dupa cele 8280 cicluri de rotatie. Atunci cand stratul de Cr este depus pe
aceastd componenta si este supusa testelor de uzurd, este distrus un strat mai mic, de
105.05 nm. Se observa astfel, faptul ca acoperirea cu stratul de Cr cu grosime de 50 nm
contribuie la intdrirea suprafetei si rezistentei la uzura a componentei mecatroncie cu

diametru mic.

5.3. Aplicatii industriale ale rezultatelor cercetarii

Acoperirile au fost testate cu scopul de a creste durata de viatd a pieselor
realizate pana in prezent si de a permite imbunatatirea calitatii sistemelor realizate pentru
contractori. in general, aceste acoperiri vor putea fi utilizate pentru componente
mecatronice, precum angrenaje de mare precizie in constructii miniaturizate, lagire de
mare precizie, componente ale echipamentelor mecatronice pentru masurare, pozitionare si
reglare: cai de rulare, ghidaje, grippere, etc., componente pentru echipamente biomedicale,
MEMS & NEMS.

Piesele testate in cadrul tezei sunt folosite 1in cadrul INCDMTM pentru
realizarea unor sisteme mecatronice pentru industria auto, respective pentru SC
Automobile Renault — Dacia Pitesti; SC Componente Auto Topoloveni, etc. Astfel teza de
doctorat este caracterizata ca o teza cu aplicabilitate si implementare industrial.

Astfel, au fost testate substraturi utilizate in mecatronica pentru joje, bucse,
elemente de actionare, cepi de masurare, cepi de contrare, suporti de pozitionare, corp joja
(OLC45, Rull) (figura 14) pentru producerea de lise, etaloane capete palpator ,calibre
filetate si, poansoane (C120, OSC8). Au fost depuse filme subtiri de Al, Cr, Ti si multistrat
Ti+Al prin metoda de evaporare cu fascicul de electroni. Au fost obtinute straturi de Al si
Cr cu grosimea de 50 nm, strat de Ti cu grosimea de 100 nm si multistrat Ti+Al cu

grosimea de 100 nm.
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Figura 14. Sisteme de pozitionare piese complexe industria

Astfel, au fost testate substraturi utilizate in mecatronica pentru joje, bucse,
elemente de actionare, cepi de masurare, cepi de contrare, suporti de pozitionare, corp joja
(OLCA4S5, Rull) si pentru producerea de calibre filetate si lise, capete palpator, etaloane,
poansoane (C120, OSC8). Au fost depuse filme subtiri de Al, Cr, Ti si multistrat Ti+Al
prin metoda de evaporare cu fascicul de electroni. Au fost obtinute straturi de Al si Cr cu
grosimea de 50 nm, strat de Ti cu grosimea de 100 nm si multistrat Ti+Al cu grosimea de
100 nm.

Au fost realizate caracterizari structurale, caracterizari ale topografiei
suprafetelor si caracterizari fizico-mecanice (determinarea duritatii si aderentei straturilor)
ale straturilor subtiri obtinute experimental si tehnologic. Tinand cont de faptul ca in urma
acestor caracterizri, straturile de Cr si de Ti au avut proprietati superioare, acestea au fost
testate pe componente mecatronice reale in industria roméaneasca. Comportamentul acestor
materiale in urma depunerii si testérii in conditii normale de utilizare a unor componente
mecatronice a fost analizat comparativ. Astfel, a fost demonstratd capacitatea filmelor
subtiri nanostructurate de a Imbunatati caracteristicile mecano-functionale ale

componentelor structurilor mecatronice.
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CAPITOLUL VI CONCLUZII. CONTRIBUTII PERSONALE SI DIRECTII DE
CONTINUARE A CERCETARILOR

Cercetarile din cadrul tezei de doctorat intitulata ,,STRATURI SUBTIRI
NANOMETRICE PENTRU iMBUNATATIREA CARACTERISTICILOR
TRIBOLOGICE ALE COMPONENTELOR MECATRONICE” au avut ca obiectiv
stabilirea unor metode si tehnologii pentru depunere de straturi subtiri pentru a asigura o
durabilitate crescutd a componentelor mecatronice.

in acest sens am intreprins o activitate cuprinzitoare de documentare studiind
materii si articole din literaturd de specialitate in privinta straturilor subtiri nanometrice.

Am observant ca pentru a indeplini cerintele actuale ale productiei globale
companiile se concentreaza asupra metodelor lor, adoptdnd noi tehnici si cautdnd noi
tehnologii da a-si eficientiza productia si costurile.

in urma concluziilor rezultate din documentare, referitoare la solicitarea severd
la care este supus dispozitivul mecatronic de ghidare-preccentrare am inceput investigatii
complexe in privinta modelarii teoretice §i experimentale.

in colaborare cu domnul Prof.Univ. dr.ing Gheorghe Gheorghe precum si cu
cercetdtori din cadrul laboratoarelor INCDMTM am dezvoltat o solitie originald care sa
asigure durabilitatea componentelor mecatronice supuse uzurii.

Sub atenta supraveghere a domnului Prof.Univ. dr.ing Gheorghe Gheorghe am
realizat experimentdri in cadrul Laboratoarelor : MEMS & NEMS , Incercari Lungimi si
in Centrul de cercetare pentru Tehnica Masurarii cu laser CERTIM

Principala performanta obtinute in urma tezei de doctorat este demonstrarea
capacitatii filmelor subtiri nanostructurate de a imbunatati caracteristicile mecanico-
functionale ale componentelor mecatronice.

Informatiile obtinute despre materiale in urma acestor studii vor putea fi
utilizate, astfel incat sa contribuie la obtinerea unor produse noi si imbunatatite, necesare
societatii romanesti.

Rezultatele acestor cercetari, in special cele tribologice, ar putea fi extrem de
utile inginerilor din domeniul mecatronic, care studiazd conditiile de functionare a
componentelor pieselor mecanice si nu numai, stabilind rolul functional al fiecarei
componente din ansamblu si alegand materialele care corespund functionarii corecte a

acestora.
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6.1 CONCLUZII

Pe parcursul tezei au fost depuse filme subtiri metalice pe diferite substraturi de
otel si caracterizate din punct de vedere fizico-mecanic si topografic, in final fiind realizate
teste aplicative pe componente mecatronice.

incercirile experimentale si analizele efectuate in cadrul derulirii prezentei
teze au condus la urmatoare concluzii:

>  in cadrul cercetirilor s-au facut incercari experimentale de
depunere straturi nanometrice, filme subtiri de Ti, Al, Cr, si
multistrat Ti+Al prin mai multe metode precum metoda de
evaporare cu fascicul de electroni. Au fost obtinute straturi de
Al si Cr cu grosimea de 50 nm, strat de Ti cu grosimea de 100
nm si multistrat Ti+Al cu grosimea de 100 nm depuse pe
substraturi de tip OLC54, Rull, C120, OSCS8;

» avand in vedere caracteristicile superioare ale straturilor de Cr
(grosime 50 nm) si Ti (grosime 100 nm), aceste straturi
metalice au fost depuse pe mai multe componente
mecatronice pentru realizarea unui studiu aplicativ;

» in cadrul cercetirilor au fost realizate multe teste si
misuritori pentru caracterizarea fizico-mecanica si
topografica a filmelor subtiri depuse rezultind proceduri si
tehnologii noi;

»  considerdnd obiectivul stiintific preliminat, au fost analizate
rezultatele obtinute in urma caracterizarii structurilor
nanometrice depuse: caracteriziri ale topografiei superficiale
rezultate prin acoperire, caracterizari fizico-mecanice (e.g.
determinarea duritatii) etc;

» in urma analizei valorilor unor parametrii tribologici,
precum rugozitate, asimetria suprafetei si coeficient de
aplatizare s-a ajuns la concluzia ci Cr este filmul subtire
depus pe componente mecatronice care prezinti cea mai

mare duritate in urma unor teste de uzura;
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»  Ti duce si el la cresterea rezistentei la uzura a suprafetelor unor
componente mecatronice testate, insa stratul de Cr este
superior din punct de vedere al proprietatilor fizico-mecanice;

»  valoarea pozitivi a indicelui de asimetrie pentru ambele
straturi depuse indica o repartitie de sondaj asimetrica spre
dreapta atat inainte cat si dupa testarea componentelor
mecatronice, deci nu o schimbare foarte mare a caracteristicilor
suprafetelor in urma testarii.

»  coeficientul de aplatizare prezinti valori care conduc cétre un
exces negativ, ceea ce indica o repartitie platicurtica (curba este
aplatizata). Singura exceptie este in cazul stratului de Cr in urma
testarii la uzurd, cand excesul devine pozitiv, demonstrand o
repartitie leptocurticd (inaltimea curbei este mai mare
comparativ cu cea normald);

»  tinand cont de faptul ca valorile medii ale rugozitatii sunt de
ordinul nm s-a considerat ca nu a existat o distrugere foarte
mare a straturilor depuse. Stratul de Cr depus pe componentele
mecatronice testate prezintd cea mai mica valoare a rugozitatii;

» in urma testirii componentelor mecatronice, prin analiza
variatiei diametrului pieselor acoperite, a fost determinati
grosimea stratului uzat. In acest fel, s-a ajuns la concluzia ci
stratul de Cr depus prezinti o uzurid mai scizutd decit
stratul de Ti, in aceleasi conditii reale de testare;

»  cu toate ca grosimea stratului de Cr este jumatate din cea a
stratului de Ti, in urma rezultatelor obtinute, se confirma ca
stratul de Cr are o duritate si o rezistenta superioara la
uzura.

Astfel, a fost demonstrata capacitatea filmelor subtiri nanostructurate (Ti, Cr) de
a imbunatati caracteristicile functionale ale componentelor structurilor mecatronice reale
pentru mai multe echipamente si instalatii mecatronice de masurare si control inteligent,
implementate tribologic si industrial la mai mul{i agenti economici din romania (SC
automobile Dacia Renault, SC Componente auto SA Mioveni, SC Renalt Mecanique
Romaine SA).
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6.2 DIRECTII NOI iN CERCETARE
Avand in vedere rezultatele obtinute, consider ca directiile viitoare in cercetarile

pentru cresterea durabilitatii acoperirii de protectie a componentelor mecatronice vor trebui

sa abordeze:
>
>
>

determinarea rugozitatii optime a stratului de baza,

determinarea duritatii optime a stratului de baza;

posibilitatea utilizarii unui strat intermediar care saimbunatateasca
aderenta strat/substrat asigurand astfel o rezistenta mecanica si 0
durabilitate crescuta;

testarea pieselor acoperite in regim hidrodinamic.
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Nanometric thin layers for improving the tribological characteristics of mechatronic
components

CHAPTER 1. FUNDAMENTALS

Mechatronic applications integrate the principles of physics, chemistry,
mathematics and engineering, create fundamental concepts and knowledge from
components to systems and develop new products, materials, processes and computer
products.

The main thesis objective is the study of materials used for thin film coatings
of metal components in friction couplings, used mainly in mechanical and mechatronic
applications (high precision gears in miniaturized constructions, high precision bearings,
components of mechatronic equipment for measurement, positioning and adjustment :
tracks, guides, grippers, etc., components for biomedical equipment, MEMS & NEMS), for
prolonging their lifespan and improving the technical and functional characteristics.

This information about materials is subsequently used so as to contribute to the
realization of finished materials required or materials required by the company, which is
handled by materials engineering.

Surface engineering offers a way to reduce wear in different couplings; the
factors that influence this reduction are:

» increasing durability;

»  different surface chemistry to reduce adhesive friction;
»  coated components that stay unused.

> etc.

Different methods have been tried to obtain these materials with improved
properties, which can be used in different fields for various applications, but the most
important, so far, is the depositing of thin layers.

Thin films with micro and nanometric structures deposited by high-tech
mechatronic methods can be used in fields such as mechatronics (components of
mechatronic structures), electronics, medicine (implants - dental prostheses, orthopedics),
etc.

There is a whole high-tech industry for deposits of materials, micro and
nanostructured, as a result of the general trend of shrinking of products with increasing
reliability. Studies have been made and progress achieved by using very hard alloys and
materials to keep wear to a minimum. The wear decreases sharply with increasing the

resistance to cracking of surfaces. Thus, the issue of developing materials with superior
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characteristics of high mechanical strength and low wear is found permanently in current
research in various industry fields.

The characterization of the surfaces of the deposited materials of the products
used in various fields, such as mechatronics, electronics, medicine, etc. is important for a
proper functioning, durability and operational reliability.

The equipment and methods used to characterize the surfaces provide
information on:

»  the topography of the deposited thin layers;

»  the physical-mechanical characteristics of the deposited layers
(microhardness, electrical, thermal, magnetic characteristics,
adhesion, etc.);

»  the structural characteristics of the deposited thin films.

Therefore, the main objective of the thesis is to characterize the surfaces of
thin films with micro and nanometric structures deposited by various physical and
chemical methods and intended for mechatronic applications.

From the variaty of materials from which mechatronic components are made,
thin micro / nanostructured layers will be deposited on steel sublayer, which can
improve their quality.

The following sublayers are going to be used:

»  OLC45 used in the mechanical and mechatronic industry for the
production of dipsticks, bushings, actuators, measuring plugs,
counter plugs, positioning brackets, dipstick body etc.;

» Rul 1 used in the mechanical and mechatronic industry for the
production of tools, bearings etc.

»  C120 used in the mechanical and mechatronics industry for the
production of threaded and smooth gauges, probe heads,
standards, punches, etc;

»  OSC used in the mechanical and mechatronics industry for the
production of threaded and smooth gauges, probe heads,
standards, punches etc.

These materials deposits were chosen in sublayers due to their importance in

engineering, creating mechatronic components that are subject, over time, to wear.
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The results of these researches, especially the tribological ones, could be
extremely useful for mechatronic engineers, who analyze the operating conditions of the
overall mechanical parts / components and establish the function of each, choosing the

materials that are in line with their application.
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CHAPTER II. INTELLIGENT MECHATRONIC METHODS FOR
THIN LAYER DEPOSITS

The deposition methods must take into account the nature of the phenomena
that take place in the deposition process, the diversity of the film formation parameters
(composition, structure, thickness, volume distribution of the components) and their use
parameters (adhesion, wear resistance) , corrosion resistance, porosity).

Thin layer deposition processes are component parts of deposition methods
that use the same physico-chemical phenomena, but which differ from each other by
certain parameters of the deposition process, which lead to changes in the formation or use
of deposits. The deposition of thin layers is used in the manufacture of insulating layers,
semiconductor layers, metal layers, etc.

Methods for obtaining thin layers by vapor deposition are physical (Physical
Vapor Deposition (PVD) and chemical (Chemical Vapor Deposition (CVD)). The various

variants of these methods are shown in Figure 1.

Figure 1. Main processes for obtaining layers in the vapor phase.

PROCEDEE DE OBTINERE A STRATURILOR SUBTIRI
RIN DEPUNERE DIN FAZA DE VAPORI

PROCEDEE PROCEDEE
PVD

EVAPORARE PULVERIZARE pLACARE | |[ AcTIVARE ACTIVARE R
TERMICA CATODICA 1ONICA TERMICA | || IN PLASMA CU LASER
| I I 1 1 I

Sistem dioda

-Rezistivd

Thin films deposited resulted from PVD and CVD processes have extremely
varied structures and compositions to satisfy a wide range of applications. The first
difference between CVD and PVD is that in a CVD process the reaction takes place on the
surface, and in the PVD process the reaction takes place in the atmosphere, the compound
being subsequently deposited on the surface. Compared to CVD processes, PVD processes
favorise obtaining layers at lower temperatures, in a much larger microstructural and
compositional variety. In addition, PVVD processes do not pollute the environment.

In the applications of the doctoral thesis, the material used for layer

deposition must take into account the functional conditions imposed by the finite
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component; in certain conditions the materials for deposition can be chosen. When
considering the material needed, the compatibility of materials for ensuring optimal
adhesion has been considered. The surface of the sample must be processed in order to
obtain a very good adhesion of the substrate; this is achieved by removing the impurities
after the component is washed with liquid, while the roughness is reduced by grinding or

polishing.
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CHAPTER I1l. PROCEDURAL STUDY OF CHARACTERIZATION
METHODS AND PROCEDURES

An analytical presentation is proposed, under my conception, for the procedures
/ procedures / methodologies applicable in the experimental laboratory researches for the
physical-mechanical, structural and superficial topography characterization at micro and
nanometric coating structures.

Given the scope considered for micro and nano structures of coverage — in
mechatronics - knowledge of functional parameters, structures, base layer and coatings, the
level of surface finish of deposits applied, is important in achieving the objective.

An adequate mechanical strength of the sublayer, an ultra-fine deposition
structure and a high degree of its adhesion, will ensure a proper operation of the friction
torques where they are used according to their related compatibility and optimal
tribological regime.

The maximum mechanical strength under the conditions of optimal tribological
features necessary for the coating layers and ensuring a superior adhesion are also obtained
through nanostructured deposits.Depending on the operating characteristics pursued, the
characterization procedures / methods are diversified. Accordingly, test equipment is also
diversified: for a single feature or for multiple features, with increasing degrees of accuracy
and high levels of confidence, with or without IT equipment, etc.

For example there can arise the situation of inspections for characterizing
imaging: from optical microscopy to electron microscopy and, more recently, atomic force
microscopy or various combinations thereof.Also, the results of experimental tests can be
undertaken with mechatronic equipment, stored and / or interpreted with specific, complex
software programs, including also statistical processing for interpolating the comparison
with parameters stored in databases.

In the paper, the procedural analysis performed for preliminary target objectives
will present:

»  the main types of procedural tests applicable;
» the procedures / methods selected for the experimental

researches and the substantiation of the available options.
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CHAPTER 1IV. INTELLIGENT MECHATRONIC
PROCEDURES APPLIED IN EXPERIMENTAL
RESEARCH

4.1. Experimental research for materials with micro and

nanometric structures

Of all the methods existing so far and studied through the thesis steps |
have made and tested depositions resulting from electron beam evaporation,
obtained through an original mechatronics procedure. This is a technique used to
obtain thin metal deposits.

Electron beam evaporation depositions were made in the Nanometric
Characterization and Structuring Laboratory within the National Research-
Development Institute for Microtechnology - IMT in Bucharest with a
Temescal FC-2000 system (Figure 2), a versatile evaporation system that accepts
a variety of accessories to meet almost any requirement. This system combines
maximum flexibility with ease of use. FC-2000 is a system that allows the source

to remain in vacuum during sublayer reloading, has a fast cycle, blocked loading.

Figure 2. Temescal FC-2000 - electron beam evaporation deposition system.

The components of this system are: electron beam source, control
system, vacuum pumping and control, water supply source system, vacuum
chamber, air system. Temescal Control System (TCS) provides the fully
integrated control process, recipe based and in vacuum. Operating in any of these
password-protected modes, TCS also offers a variable monitoring process, a trend
tracking process, and a data archiving process.

TCS automatic mode provides fully automated execution of compound
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user-programmed recipes of up to twenty process steps. It also offers independent
self-pumping and self-ventilation operations and automatic growth rate testing.
TCS manual mode allows the user to set the process parameters, individually
operate components and subsystems with full lock protection, and perform non-
automated single-film deposition processes.

The TCS service mode provides a low-level control for blocking of
valves, pumps, motors, or system power supplies. Temescal's electron beam
sources offer improved convenience and reliability that can be easily transfered to
applications ranging from microelectronics and optical production to specialized
coating. The key to these performance improvements is to cover the
pneumatically operated crucible, which automatically lifts before rotation for
thick depositions, but which seals all parts of the crucible, including the one
which is exposed. The net benefit is represented by the virtual elimination of
cross-contamination.

Temescal's fine electron beam controller offers a fully digital
operation, internal storage of up to 64 user-defined models, and compatibility
with almost any commercially available electron beam cannon. Using a
Windows-based programming software and a handheld remote controller, it offers
the precision and flexibility required by the most demanding electron beam PVD
processes. Using electron beam evaporation, layers of Ti, Cr, Al and multilayer
of Ti/ Al were deposited on four types of steel samples: OLC45, Rull, C120 and
OSC (Figure 3).

Figure 3. Steel substrates on which nanometric metal layers have been deposited using
electron beam evaporation: (a) OLC45; (b) Rull; (c) C120; (d) CSO

@ (b) © (d)
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4.2. Determining the thickness of the layers resulted from

the deposition process

The quartz crystal microbalance (QCM) method was used to determine
the thickness of the deposition thin layers. The measurements were performed in
the Nanometric Characterization and Structuring Laboratory within the
National Research-Development Institute for Microtechnology - IMT in
Bucharest.

The quartz crystal microbalance (QCM) method can be used in a
vacuum, in the gas phase ("gas sensor") and, more recently, in a liquid medium. It
is useful for monitoring the deposition rate in vacuum thin film deposition
systems. In liquid, it is very effective in determining the affinity of molecules
(proteins, in particular) to surfaces operating with recognition sites. Larger
entities, such as viruses or polymers, are being investigated as well. The quartz
crystal microbalance (QCM) method was also used to investigate the interaction
between biomolecules.

Frequency measurements are easily made with high accuracy, therefore
it is easy to measure mass densities up to a level below 1 pg/ cm2. In addition to
measuring frequency, the dissipation factor (equivalent to resonant bandwidth) is
often measured to contribute to the performance of the analysis. The dissipation
factor is the inverse resonance quality factor, Q-1 = w / fr; it quantifies the
system damping and is related to the viscoelastic properties of the sample.

Quartz belongs to the crystals group that generates a piezoelectric
effect. The piezoelectric effect has been used in high power sources, sensors,
actuators, frequency standards, motors, etc., and the relationship between the
applied voltage and mechanical deformation is well known; this allows an
acoustic resonance probe by electrical means. By applying alternating current to
the quartz crystal, oscillations will be induced.

The Q factor, which is the ratio between frequency and bandwidth, can
reach 106. Such a narrow resonance leads to very stable oscillators and high
accuracy in determining the resonant frequency. QCM exploits this feature and

the accuracy of detection.
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4.3. Structural characterization of the deposited layers

Using the atomic force microscope availalble at the MEMS & NEMS
Nanometric Mechatronics Laboratory within the "National Research and
Development Institute for Mechatronics and Measurement Technique -
INCDMTM Bucharest" we analyzed the structural characterization of the
nanometric layers. By recording the small deviations of the elastic cantilever, an
AFM surface topography can be achieved (Figure 4). Legend: 1 - basic unit; 2 -

measuring head; 3 - vibration isolation system; 4 - optical visualization system.

Figure 4. AFM Microscope, NTEGRA Probe NanoLaboratory NT - MDT,

Moscow, Russia
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Table 1. Experimental characterization at microscopic level of thin films deposited on the
steel sublayers OLC45 , Rul 1, C120, OSC

Thin film deposition using the CCLl  Joint boundary of a metal sublayer an
camera of AFM NTEGRA the thin film deposition

el

Al_50 nm

Cr_50 nm Cr_50 nm

: i I/c -2
Ti_Al_50_50 nm Ti_Al_50_50 nm

Following the experimental characterization it can be seen that all the

deposition layers have a degree of uniformity resulting from the process, but, at the
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microscopic level, all seem to not have a very flat surface (they could also have a rather
high roughness). Also, from the images obtained from the microscopic analysis of the
samples, the complete joint between the layer and the sublayer can be observed.

Following the microscopic observations using the CCD camera of AFM
NTEGRA, for a better characterization of the layers, scans were performed with the help of
the atomic force microscope, which allows the characterization of the surfaces down to the
nanometric level. Following the scanning of 50 x 50 um surfaces on the different films
deposited on all substrates, different topographic parameters (roughness, surface
asymmetry, flattening coefficient) could be analyzed, which provide information related to
the distribution of the deposition layer.

The topographic parameters (surface asymmetry Ry smoothing coefficient Rya,,
maximum height hna, height in 10 points R,, surface asymmetry R, roughness R,) that can
be determined following the AFM study provide information related to their surface.

The roughness was used both to determine the tilts (a smooth surface has small
tilts, a rough surface has large deviations), to obtain information about the damage and the
uniformity of the deposition nanometer layer.

The evaluation of the degree of asymmetry of a distribution is given by the Ry
index, while the flattening is given by the Ry, index, the Ry asymmetry index can be
positive or negative; it all depends on the survey distribution, if it is asymmetric to the right
and left; if the distribution is symmetrical then the asymmetry is zero.

Smoothing indices Ry, determines the shape of a distribution; a low value of the
smoothing index indicates a distribution in which there are fewer categories departed from
the average; a high smoothing index indicates a distribution with large "tails"; if it is very
close to normal the smoothing coefficient is approximately 3.

In the following table (Table 2) are presented some of the results obtained after
the atomic force microscopy characterization of the thin layers of multilayer Ti / Al, Cr, Al,
Ti and, deposited on steel sublayers OLC45, Rull, C120 and OSC; also the calculation of
topographic parameters determined using the NTEGRA AFM and its included software are
presented.
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Table 2. Experimental characterization on AFM of thin film surfaces deposited
on the steel sublayer OLC45 , Rul 1, C120, OSC

Al_50 nm
1 2 3
Ammlemh;
536,278 e
nm
quu-puk Sy 536278 nm
Ten porrl hesgh, Sz 26943
Hostage 625
Mopﬁmwmn S8 M0%Em
44
Lm ﬂmeSwm Sq 18255 nm
s ¥ [ pr—— 733
v Costfiertof hastoas, Ska  -16331
[Entropy 6.36808
Redundarce 920039
Cr_50 nm
Amcunt of somplng 260
M 564279 rm
M Orm
S 564279 rm
Ten wﬂ height $2 207
v 43671
Amuge Roughress. 50 112182
32
L HmleSm Sq  1375R2m
Surlace skewness, Stk -1.23697
(T Coslficient of kitosis, Ska 01378955
mleoy 8896
41203
Ti_100 nm
Amcunt of samping 0
m Max 324 788 nm
Min O
Pask: Sy U478
» Ten pork height, Sz 156161 rm.
w ﬁ' > Average 85,0557 o
Aversge Roughness, Sa 442522
e X Second momant 101.443
& 3 1 FRool Mean Squae, Sq 55,2837 nm
oy 8 Sulsce thewnsss, Sek  DSH4E35
fostoess, Ska 01609638
Enliogy 508169
Redurdance 134554
Ti_Al_50_50 nm
Amount of samplng 274
M AF2 317 nm
Min L]
. Peak-to-peak, Sy 452317 nm
Toen poirdt hesaght, Sz 245491 nm
Aveiapge 100471 rn
nmageﬁmﬁmu S8 533211 nm
5 ot 12419
Y| Foot Mean Squse. Sq 743811 rm
Surface dhmwrss, Sek 232
b Cosfficient of kurtosis. Ska  6.79082
LIt Eritropy 5.99307
Redurddance B3

Conclusion: following the measurements made

with the NTEGRA Atomic

Force Microscope, it was noted that there are some average values, minimum and

maximum, of the parameters obtained for the thin films deposited depending on the

substrate, presented as follows.
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Table 3. Minimum, maximum and average values of the roughness of the deposition thin

films emerged on the sublayers of different types of steel.

Sublayer| Deposition film Sa (NM) Sa (NM) Sa average (nn|
minimum maximum
1 2 3 4 5
OLC45 | AI_50 nm 52.6451 105.8387 79.2419
Cr_50 nm 58.9096 104.3708 81.6402
Ti_100 nm 65.5779 87.8316 76.7047
Ti_Al_50_50 nm 63.4798 146.6480 105.0639
Rull Al_50 nm 75.2556 101.7819 88.5187
Cr_50 nm 67.7934 109.4168 88.6051
Ti_100 nm 71.0554 121.4394 96.2474
Ti_Al_50_50 nm 45.8398 110.2120 78.0259
C120 Al_50 nm 56.3595 106.7635 81.5615
Cr_50 nm 63.7867 119.1905 91.4886
Ti_100 nm 54.0777 98.2362 76.1569
Ti_Al_50 50 nm 76.5809 72.9521 74.7665
osc Al_50 nm 52.4575 81.8669 67.1622
Cr_50 nm 51.4096 107.6374 79.5235
Ti_100 nm 28.1934 71.8515 50.0224
Ti_AI_50_50 nm 53.3211 166.7670 110.0440

Conclusion: following the analysis of average values of the deposition layers

roughness, it is noted that the layer with the best surface uniformity is found on the OSC

steel sample, the most uniform surface is given by the Titan sublayer, of all deposition thin

films with a 50nm thickness aluminum have a uniform shape for this type of steel.

The values obtained following the calculation of the asymmetry index of the

thin film depositions on the sublayers from different types of steel are presented in table 4.
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Table 4. Minimum, maximum and average values of the asymmetry index of thin film

depositions on sublayers of different types of steel

Sublayer | Deposition film S maximum | Sg minimum S average
1 2 3 4 5
OLC45 Al_50 nm 1.0543 -1.1978 -0.0717
Cr_50 nm 0.9804 -0.9406 0.0199
Ti_100 nm 1.3628 -1.5943 -0.1157
Ti_Al_50_50 nm | 0.5641 -0.9308 -0.1833
Rull Al_50 nm 0.7067 -1.2334 -0.2633
Cr_50 nm 1.3159 -1.2578 0.0290
Ti_100 nm 1.2781 -1.1218 0.0781
Ti_Al_50_50nm | 0.4337 -1.8218 -1.3881
C120 Al_50 nm 1.0363 -1.1348 -0.0492
Cr_50 nm 1.4193 -1.2899 0.0647
Ti_ 100 nm 2.2409 -1.2562 0.4923
Ti_Al_50_50 nm | 0.3165 -1.6869 -0.6851
0osC Al_50 nm 1.4189 -1.1291 0.1449
Cr_50 nm 1.2573 -1.3932 -0.0679
Ti_ 100 nm 1.5740 -1.2738 0.1502
Ti_Al 50 50 nm | 2.3818 0.04161 1.2117

Conclusion: on the steel sublayers OLC45 thin layers were obtained with
different degrees of asymmetry depending on the deposition material. On the steel sublayer
type Rull the deposited aluminum layer has a negative average Sy asymmetry index
(according to table 16) which demonstrates an asymmetric distribution of the sample
towards the left. Also on the same type of steel and the values of the asymmetry index of
the other two deposition thin layers (Cr and Ti) had average values very close to zero, and
it can be considered that it is a symmetrical distribution.

The aluminum deposition layer on the C120 has an average negative value of
the Sg asymmetry index (according to table 16), but very close to zero. Thus, a
symmetrical distribution of the aluminum layer can be considered. Also on the same type
of steel, the values of the asymmetry index of the other two deposited thin layers (Cr and

Ti) had positive average values, but slightly different.
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Various values of the asymmetry index were also obtained on the OSC steel
substrate, depending on the material and the thickness of the deposition layer. The Al and
Ti layers have positive values of the asymmetry index, therefore we are dealing with
deposits whose sample distributions are asymmetric to the right. The Cr layer has a
negative value of this index, having an asymmetric survey distribution to the left. As in the
case of the first type of sublayer presented, the values of the asymmetry index are very
close to zero for all three deposition layers, so it can be considered that they have a
symmetrical distribution. The values obtained from the calculation of the smoothing
coefficient of the thin film depositions on the sublayers from different types of steel are

presented in Table 5.

Table 5. Minimum, maximum and average values of the smoothing coefficient of thin film

depositions on substrates of different types of steel

Sublayer| Deposition film | Sgaminimy Sg,maximum | Sy,averag Excess
1 2 3 4 5 6
OLC45 | AI_50 nm 0.8471 1.2589 1.0530 -1.9470
Cr_50 nm 3.2135 -0.0060 1.0637 -1.9363
Ti_100 nm 2.6318 2.2308 2.4313 -0.5687
Ti_Al_50_50 nm| 0.5400 -0.8028 -0.1313 | -3.1313
Rull AI_50 nm -0.2056 1.4852 0.6398 -2.3602
Cr_50 nm 1.4417 0.3965 0.9191 -2.0809
Ti_100 nm 1.3086 0.0123 0.6604 -2.3395
Ti_AI_50_50 nm| -0.8393 1.7311 0.4459 -2.5540
C120 AI_50 nm 1.0823 0.6564 0.8693 -2.1306
Cr_50 nm 2.7093 0.6000 1.6546 -1.3453
Ti_100 nm 7.2200 1.1633 4.1916 1.1916
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1 2 3 4 5 6
Ti_AI_50_50 nm | -0.4691 2.5456 1.0382 -1.9617
OSC | AIL50nm 2.8380 1.1115 1.9747 -1.0252
Cr_50 nm 1.8958 1.2973 1.5965 -1.4034
Ti_ 100 nm 3.8322 1.0229 2.4275 -0.5724
Ti_Al_50_50 nm | 6.7908 -1.5501 2.6203 -0.3796

Conclusion: Following the analysis of the values obtained in the experiments, it
was observed that the values of the calculated excess are both positive and negative, which
indicates a leptokurtic and platykurbic distribution. Taking into account the definition and
importance of the smoothing coefficient, for the samples studied in these experiments,

results were obtained indicating the following conclusions:

> The values obtained after the analysis of the smoothing
coefficient show a platykurtic distribution of all the thin film

depositions on all 4 types of sublayer;

> The exception is in the case of Ti film of 100 nm thickness, the
excess of which has a positive value, therefore a leptokurtic
distribution.

4.4. Determining the hardness of the thin deposition layers
The HMV-2 system - the hardness of the thin deposition layers was analyzed
using the system for measuring the micro-hardness HMV-2 of the Metallographic Testing

Laboratory within the Polytechnic University of Bucharest.

|
Gy =

Figure 5. Automatic reading system for Vickers hardness tests
Following the hardness measurements performed at a temperature of 24 ° C, a
humidity of 50%, with a force F = 98.07mN, HV,,; in 10 seconds, the results from table
6 were obtained.
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Table 6. Results obtained after measuring the hardness of nanostructured layers deposited

on different types of steel.

Layer| Sublaye Measured points SD CcVv M
(Standard| (Deviation | (Hardness
Deviation)| coeficient) | average
value)
1 2 3 4 5 6
Ti OLC45 | 92,4;90,2; 90,8; 88,0; 96,2 3,05 3,34 91,5
Rull 79,5; 79,8; 80,5; 79,6; 75,7 1,90 2,40 79,0
C120 85,5; 86,8; 86,7; 82,3; 93,3 4,00 4,61 86,9
OSC8 | 89,9;94,4;87,1; 95,6; 88,0 381 4,19 91,0
Cr OLC45 | 94,0; 101; 89,5; 93,8; 95,6 4,15 4,38 94,8
Rull 97,7;94,3; 92,7, 95,9; 91,1 2,59 2,75 94,3
C120 88,4; 91,3; 91,4; 98,9; 102 5,76 6,10 94,4
OSC8 | 93,4;92,9;97,7; 100; 99 3,21 3,32 96,6
Al OLC45 | 81,3;81,9;82,3;80,1; 81,5 0,83 1,02 814
Rull 83,9; 87,1; 84,6; 86,0; 83,0 1,64 1,93 84,9
C120 83,4; 86,3; 86,6; 84,7; 82,8 1,69 2,00 84,8
OSC8 | 82,9; 83,3; 88,6; 85,6; 81,6 2,76 3,27 84,4
Ti+Al | OLC45 87,4;84,4; 85,9; 82,2; 79, 3,01 3,58 83,9
Rull 77,6; 84,4; 81,1; 80,8; 82, 2,54 3,12 81,3
C120 80,8; 82,9; 86,4; 87,6; 83,1 2,73 3,24 84,3
0SC8 91,0; 81,6; 82,9; 86,7; 89, 4,03 4,67 86,3

After analyzing the average hardness values of all deposition layers on
different types of sublayers, the main conclusion: the highest average hardness value for all
four types of nanometric layers is found on the surface of the OSC8 sublayer.This could

indicate a good adhesion of the layers deposited on this type of sublayer.
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4.5. Determining the adhesion of the thin deposition layers
CETR-UMT 2 system
The CETR-UMT system from the Metallographic Testing Laboratory within the
Polytechnic University of Bucharest was used to perform measurements and tests in
order to determine the adhesion of the thin layers.

Figure 6. CETR-UMT 2 system

The adhesion of the metallic deposition layers on different steel sublayers was
determined by scratch tests using the CETR-UMT 2 system, after a measurement cycle in
3 steps, with a normal force of 5 N, on a length of 5 mm, with a speed of 0.2 mm /s,
having a duration of 25s.

The tangential force F« was used and measured; strong normal F,; moving in the
normal Z direction; displacement on the tangential direction Y; time T; friction force (value
in mode of Fy) Fy, friction coefficient (Fx / F, ratio in mode) COF.
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Table 7. Average values obtained from adhesion tests and measurements

L'ayer Sublayer | Time [s] Depth [mm] Force F¢[N] COF
1 2 3 4 5
OLC45 1,9312 0,01 3,915 0,81
Rull 1,9609 0,0105 3,139 0,639
Ti 100nm
C120 2,0527 0,012 4,16 0,846
0sc8 1,656 0,0105 4,482 0,91
OLC45 2,6121 0,0185 4,876 0,991
Rull 1,606 0,01 3,801 0,802
Cr 50nm
C120 2,012 0,013 3,557 0,719
0sc8 2,3779 0,021 3,461 0,717
OLC45 3,729 0,0165 3,497 0,727
Rull 3,9331 0,01 3,229 0,664
Al 50nm
C120 25 0,009 2,972 0,605
0sc8 4,4307 0,02 6,272 1,267
OLC45 2,053 0,013 3,658 0,739
Ti50nm +| Rull 2,012 0,0125 3,199 0,647
Al 50nm C120 1,8591 0,01 3,503 0,702
0sc8 2,0829 0,017 3,354 0,701

Regarding the moment of detachment, Al detaches the fastest from the

sample of C120 type sublayer, Cr from the Rull, Ti from the OSC8 type sublayer, and the

Ti + Al multilayer detaches the fastest from the C120 substrate.

When considering, mainly, the values of the detachment times on the 4 types

of sublayers, it is noted that Al has the latest detachment moment on all 4 steels, which can

indicate a good adhesion between it and the steel variants.

For the topographic characterization of the thin deposition layers and subjected

to scratch tests, the laser measurement system of surface microgeometry was also used -
KLA TENCOR MICRO XAM 100, obtaining similar results. Figure 7 shows some images

obtained from such analyzes using a 50x perception head.
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The same surfaces can be observed with a rather low uniformity, at micro level,

but with a nm level roughness value.

Following the complete topographic characterization of the surfaces of the thin
deposition layers subjected to scratch tests, different topographic parameters were
determined: roughness R, asymmetry of the surface Ry, smoothing coefficient Ry,
maximum height hmax, height in 10 points R,, they provide information about the scanned
surface. For the interpretation of the obtained data, the average values of the topographic
parameters were used. The values of each important topographic parameter determined
were analyzed, first of all by a variation of each one depending on the deposition material

and the sublayer type.

Table 8. Topographic parameters of thin film surfaces subjected to scratch tests
determined using the NTEGRA NT-MDT atomic force microscope and the microscope
software - NOVA SPM Software.

Sublaye| Depositior] R.average| Rsaveragq Rksaverag{ hmaxaverag R.averags

material | (nm)

1 2 3 4 5 6 7
OLC 45 Al 112.02 0.465 0.707 568.2 3775
Cr 113 1.137 1.250 568 284
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1 2 3 4 5 6 7

Ti 58 0.899 1.430 367.1 180.3

Ti+Al 95.37 1.551 2.358 646.6 319

Rull Al 81.18 0.861 0.668 488.3 240.2
Cr 62 0.864 0.982 430 238

Ti 54 1.162 1.469 397.4 196.7

Ti+Al 102.39 1.176 0.895 603.5 299.4

C120 Al 124.5 0.955 1.077 660.9 3315
Cr 47 1.756 5.795 442 218

Ti 115 0.343 0.647 653.7 326.6

Ti+Al 117.74 1.273 1.064 658 327.2

0SCs8 Al 167.6 0.410 1.154 696.5 3775
Cr 43 1.450 3.998 353 172

Ti 62 0.415 0.325 317.7 198.8

Ti+Al 123.79 0.905 0.066 624.4 310.5

On the OLC45 type steel sublayer, the roughness value of the deposition Ti
layer indicates that the least damaged layer is on this type of substrate. Taking into account
the roughness values of this layer on the other substrates, it results that Ti was slightly
damaged after the scratch test when it was also deposited on OSC8, respectively C120.
This indicates increased strength; these values can also be influenced by the thickness of
the deposited layer.

Between Al and Cr, layers with the same thickness, the roughness value
indicates a greater deterioration of Cr on the Rull and OLC45 sublayer type. On OSC8 and
C120 steel sublayers, Al is more damaged, Cr having a more resistant surface. The Ti + Al
multilayer has a roughness value depending on the fact that the top layer is Ti and Al has a
better adhesion to the four types of sublayers tested.

The experimental tests and analyzes performed led to the formulation of the
following conclusions:

» | made experimental attempts to deposit nanometric layers,
thin films of Al, Cr, Ti and multilayer Ti + Al by the electron
beam evaporation method. Al and Cr layers with a thickness of 50

nm, Ti layer with a thickness of 100 nm and multilayer Ti + Al with
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a thickness of 100 nm were obtained, all deposited on sublayers of
type OLC54, Rull, C120, OSCS;

»  during the researches were performed tests and measurements
for the physical-mechanical and topographic characterization of the
thin film depositions;

» the results obtained following the characterization of the
deposited nanometric structures were analyzed: structural
characterizations and characterizations of the superficial
topography  resulting from  coating, physical-mechanical
characterizations (determination of the hardness and the adhesion of
the layers);

»  following the analysis of the values of some tribological
parameters, such as roughness, surface asymmetry and smoothing
coefficient, it was concluded that the layers with the most uniform
surface are deposited on the OSC8 steel sublayer. It was observed
that on all types of steel used as substrate, Ti has the lowest
roughness value, followed by Al and then Cr;

»  the positive value of the asymmetry index for all deposited layers
indicates an asymmetric sampling distribution towards right;

»  the smoothing coefficient presents for all the deposited layers
values that lead to a negative excess, which indicates a platykurtic

distribution (the curve is flattened);

> It was observed that on all 4 types of substrate, Cr is the thin film
deposition that has the highest hardness. Ti also has a high
hardness, but when it is combined with Al, its hardness decreases,
given that the top layer is Al, a metal with a lower hardness. On the
surface of the OSC8 substrate, the highest average hardness value

was obtained for all four types of nanometric layers;

> after studying the adhesion of the deposition layers, it was
concluded that Al detaches the fastest from the sublayer type C120,
Cr from Rull, Ti from the sublayer type OSC8, and the multilayer
Ti + Al detaches the fastest from substrate C120. Considering
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effectively the values of the detachment times on the 4 types of
sublayers, it was observed that Al has the latest detachment moment
on all 4 steel types, which can indicate a good adhesion between it

and the steel types;

> the average values of the asymmetry index, of the three types of
layers deposited on the four types of substrates had values very
close to zero, most below 0.1; it was concluded that they have a
symmetrical distribution. The only exception was in the case of the
Ti layer which at a thickness of 100 nm deposited on the C120 type

steel substrate, has an asymmetric distribution to the right;

> the analysis of the smoothing coefficient values of the samples
studied indicates a platykurtic distribution (the curve is flattened)
of all the thin films deposition on all four types of substrate; except
for the 100 nm thick Ti film, which has a leptokurtic distribution
(the height of the curve is higher compared to the regular one);

> taking into account the fact that the average roughness values

are in the nm category, it was considered that there was not a very

large breakage of the deposited layers. The Ti layer deposited on

all four types of steel has the lowest roughness value of all the

deposition layers. The fact that the scratch tests did not break the

surface with high intensity meant a good adhesion of the Ti layer on

the types of steel sublayers used in the experiments.

The succession of experimental research carried out in this doctoral thesis,
starting from the deposition of thin metal films on different steel substrates, to their
physical-mechanical characterization followed the evolution of a nanocomposite coating

structure, which can be applied in a mechatronic system.

PhD Eng. Valentin GORNOAVA 24



Nanometric thin layers for improving the tribological characteristics of mechatronic
components

CHAPTER V. MATERIALS AND EQUIPMENT USED FOR TESTING THIN
FILMS IN REAL MECATRONIC SYSTEMS

Following the tests performed on the laboratory samples, the thin films of Ti
(100 nm) and Cr (50 nm) which were considered to have superior properties, were
deposited on a real mechatronic system made of Rull. The behavior of the Ti and Cr layers
deposited on mechatronic components (guiding-precentration device) was analyzed in
order to obtain information related to the wear resistance of these layers in a real
environment.

The tests (including functional tests) were performed in dynamic and real-time
conditions, with the aim of evaluating the tribological behavior of the components
belonging to a guiding-precentration device, taken as an example in the research on wear of
surfaces with Cr and Ti deposits. with surfaces without deposits.

The diagram of the guiding-precentration device is shown in figure 8. The
components of this device can be seen in figure 9.

Figure 8. Diagram of the guide-pre-centering device

Figure 9. Guided device components tested
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The test program included determinations of wear on uncovered and covered bit
shanks (large diameter 14 cm, small diameter 10 cm), measurements of surface hardness

and determination of diameters before and after wear tests.

5.1. Topographic characterization of real mechatronic components

The topographic characterization of the surfaces of the uncovered real
mechatronic components and of the thin layers deposited on their surface and subjected to
wear tests in real environment was performed using the NTEGRA NT-MDT atomic force
microscope, from the “MEMS & NEMS Nanometric Mechatronics Laboratory within
the National Institute of Development Research for Mechatronics and Measurement
Technique — INCDMTM. ”

For a complete topographic characterization of the surfaces, scans of 50 x 50
um surfaces were performed with the atomic force microscope and different topographic
parameters were determined by using the NOVA SPM Software - microscope software.

The determined topographic parameters are the roughness R,, the asymmetry of
the surface Ry, the smoothing coefficient Ry, the maximum height hn, the height in 10
points R, (defined in chapter 4.3); these parametres provide information about the scanned
surface.

5.1.1. Topographic  characterization of the mechatronic

components tested

The mechatronic components studied were characterized on a microscopic scale
using the NTEGRA video camera of the atomic force microscope. Some of the images
obtained are presented below (Figure 10 and Figure 11). Based on the outcome of all these
analyzes it was observed an uniformity of the surfaces, but, at the microscopic level, all
seem to not have a very flat surface.

Figure 10. Mechatronic component surface with large diameter (14 cm).

Figure 11. Surface of the mechatronic component with small diameter (10 cm).
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Before the thin layers of Ti and Cr have been deposited on Rull-type steel
sublayers, the mechatronic component was analyzed topographically using an atomic force
microscopy. Scans of 50 x 50 um were performed to determine the above mentioned
topographic parameters.

Table 9. Topographic parameters of the large diameter mechatronic component before

testing
2D/ 3D Topographic parameters| Profil on x/y axis
1 2 3
Amount of sampling 2652 g =
£ 0526521 nm
Min nm
Peak-to-peak, Sy 0525521 nm
Ten point height, 52 0.265003 nm
Awerage 0.24521 nm —_—
Average Roughness. Sa 0103544 nm -
Root kMean Square, Sq 0126109 nm
Second moment 00760313

Suface skewness, 5ok 0515818
Coefficient of kurtasis, Ska 556308
Entropy 7.10758 5
Redundance -10.6851

4mount of sampling 550 e
a1 0881392 m v e
bin 0nm
Peak-topesk. Sp 0681392 nm
Ten point height, 52 0.342443 nm
Average 0.36684 /
Average Foughness, 52 016356 nm 7
Floot Mean Squeie. 59 0183447 nm
Second moment 0170462
Surface skewness, Ssk 0124034
Coefficient of kurtasis, Ska  -1.15943 =
Entropy 7.42959 ;

Redundance 89112 i i
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Table 10. Topographic parameters of the mechatronic component with small diameter

before testing

2D/ 3D Topographic parameter Profil on x/y axis
1 2 3
Lmount of sampling 2601 ] & e
M 01311376 rim 2
Min 0rm v
Peak-to-peak, Sy 0.311376 nm !
Ten point height, Sz 0.147434 nm
Average 0.0604796 nm
AverageFoughress, Sa 00377283 nm En i A
Raot Mean Square, 5q 00501872 nm N
Second moment 0.00617654 g L T &

Surtace skewness, Stk 152377
Coefficient of kurtosis, Ska 274746
Entropy 5.78551 - P
Redundance 137936 !

Topographic of parameters mechatronic component with small diameter after testin]

2D/ 3D Parametrii topografici Profil pe axa x/y

] Amount of sampling 2601 ! -

| Maw 0.64126 nm [

| tin 0163277 nm - s
Peak-to-peak, Sy 0.487984 nm B P

- Ten point height, 52 0400357 nm i .
Average 0.512005 nrn .

’ Awerage Roughness, Sa 012327 nm E /

4 Fioot bean Square, Sq 0.138838 nm L T
ga— , Second moment 0281425 E
L - Surface skewness, Sk 06748 . C
) . : Coefficient of kurtosis, Ska 0962076

Entropy 583318
Fedundance Q1737

PhD Eng. Valentin GORNOAVA 28



Nanometric thin layers for improving the tribological characteristics of mechatronic
components

Table 11.Mean values of topographic parameters resulted from the characterization of the
surfaces of mechatronic components of Rull type steel, large diameter and small diameter,

before testing.

Index of skew | Smoothing

Surface Roughness Ry | R« coefficient R,

Mechatronic component
Roll1 with large diameter | 0.09803766 0.963071733 | 1.1939654
Mechatronic component
Roll1 with small diameter | 0.06636966 1.1821864 1.328807467

The analysis of the Rull type steel layer surface of the two parts (large diameter
and small diameter) used in the experiments shows that the roughness had average values
up to 100 nm. These indicate a smooth surface, with some deviations from the ideal shape
present possibly after processing before wear testing. The values of this parameter cannot
demonstrate a rough surface.

The index of skew Ry evaluates the degree of asymmetry of the two parts
surface. For both large and small diameter parts, the values of this parameter are positive,
which indicates an asymmetric probe distribution towards right. Taking into account the
smoothing coefficient Ry, the shape of the distribution of the Rull steel surface on the two
parts was more complex. It takes into account the excess E - the difference between the
smoothing coefficient and three. The values of the smoothing coefficient show the two
pieces having a negative excess, which indicates a platykurtic distribution (a flattened
curve of the histogram that can be achieved).

Table 12. Average values of the topographic parameters obtained from the characterization
of the mechatronic components surfaces type Rullsteel, with large diameter and small

diameter, after testing.

Index of skew | Smoothing

Surface Roughness R, Rk coefficient R,

Mechatronic component

Roll1 with large diameter 0.146217207 0.7138672 -0.318472407
Mechatronic component
Roll1 with small diameter 0.077953533 -1.5588624 2.712825933
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After the wear tests, the roughness values increase on the surfaces of both parts.
The variance of this parameter is greater in the case of the large diameter part, which can
demonstrate the existence of a hard surface, damaged after wear tests. The only 11 nm
variation that occurs for the smaller diameter part indicates that it had a higher resistance to
the scratch test than the part with a higher hardness.

The skew index decreases after wear tests on both parts. The large diameter
mechatronic component has a positive Ry index, which indicates an asymmetric probe
distribution towards right. The smoothing coefficient Ry, decreases in the case of this part,
leading to a higher negative stress than before the wear tests, which demonstrates the
existence of a platykurtic distribution (a flattened histogram curve that can be achieved).

For the small diameter mechatronic component, the skew index Ry decreases,
becoming negative and thus demonstrates the existence of an asymmetric probe
distribution towards left. This also indicates the damaging of the surface, resulting in a
change in the asymmetry of the surface, after wear tests.

The smoothing coefficient Ry, increases in the case of the small diameter
mechatronic component, but its value shows the existence of a negative excess, which does
not lead to the change of the previous type of distribution. It is a platykurtic distribution
(i.e. a flattened histogram curve that can be achieved), which may indicate a lower

deterioration of the surface as a result of the testing processes.

5.1.2.  Topographic characterization of thin layers deposited on real
mechatronic components

After the evaporation deposition with an electron beam, thin layers of Ti and Cr
were observed on Rull type steel substrates. These layers were 50 nm (Cr) and 100 nm (Ti)
thick.

The deposited thin films were characterized at the microscopic scale using the
video camera of the NTEGRA atomic force microscope. Some of the resulting images are
shown in Figure 12 and Figure 13.
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Figure 12. The surface of the Ti layer deposited on the large diameter

mechatronic component

HAMS
il

Maximum size

Figure 13. The surface of the Cr layer deposited on the small diameter mechatronic

component

By
scanning with the

atomic force

microscope some
Maximum size surfaces of 50 x

50 um present on

the different deposited, the topographic parameters were analyzed, which provide
information related to the distribution of the deposited layer and subjected to wear tests. In
this way, the detailed characterization of the structure of the different metal films deposited

on mechatronic components made of Rull type steel was achieved.
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Table 13. Topographic parameters of the surface of the Ti layer deposited on the

mechatronic component with a diameter of 14 cm before testing

2D/ 3D Topographic parameter: Profil on x/y axis
1 2
Amount of sampling 2601 ~
5% 0683355 nm
Min Onm
Peak-to-peak. Sy 0.623955 nm
Ten poirt height, 5z 0.339936 nm =
Average 0.115485 nm Y A
Average Roughness, Sa 0.0781562 nrm et e
Root Mean Sgquare, 5g 0.10368 nm
Second moment 0.0263064
Surface skewness, Ssk 213419
Coefficient of kurtosis, Ska  5.83106
Entropy E.40448
Redundance -7.51828

Topographic parameters of the surface of the Ti layer, deposited on the mechatronic
component with a diameter of 14 cm, after testing

Amount of zampling 2652
E 0.641428 nm
tin 0 nm —
Peak-to-peak, Sp 0.641428 nm
Ten paint height, S5z 0.316231 nm
Average 0142121 nm
Avwerage Roughness, Sa 0.0988654 nm
Root Mean Square, Sg 0.735658 nm —
Second moment 0.0336015 e
Surface skewness, Ssk 1.76918 4
Coefficient of kurtosiz, Ska  2.54383
Entropy B.BO0TS
Redundance -8.23244
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Table 14. Topographic parameters of the surface of the Cr layer deposited on the

mechatronic component with a diameter of 10 cm before testing.

2D/ 3D Topographic parameters Profil on x/y axis
1 2 3
Amount of sampling 2550
M 0.222782 nm
Min Onm
Peak-to-peak, Sy 0.222782 nm §f
Ten point height, 5z 0105821 nm H — —
Awerage 0.0341267 nm : =
Avwerage Roughness, Sa 0.0134193 nm L
Root Mean Square, Sq 00265336 nm
Second moment 0.00186366
Surface skewness, Ssk 20509
Coefficient of kurtosis, Ska  7.41095
Entropy R 20772
Fedundance -16.9473

Topographic parameters of the surface of the Cr layer, deposited on the mechatronic|
component with a diameter of 10 cm, after testing
2D/ 3D

Topographic parameters
Amount of zampling 2BR2

I an 0.134585 fim ©

in 0 nm 3 e

Prgfil on x/y axis

Peak-to-peak, Sy 0134585 fim!
Ten paint height, Sz 00605631 ri # v
Average 00250818 i, A
Awerage Roughness, Sa 0.0743045 ru [\
Foot Mean Square, Sq 0.0183031 rv * =
* Second moment 0.00098642
Surface skewness, Ssk 1.62348 -
Coefficient of kurtosis, Ska  3.0254 i
Entropy 414982
Redundance -21.7795

Table 15. Average values of the topographic parameters obtained after characterizing the
surfaces of the deposited thin layers

Thin layer Index of skew Smoothing
deposited Roughness R, Rk coefficient Rya
Ti 100 nm 0.08146768 1.334335933 2.207712333
Cr50nm 0.034456727 1.755032333 4.3030202

Conclusion: the roughness values of the surfaces of the two layers (Ti and Cr)

deposited on the two pieces indicate the existence of uniform, well-deposited layers, the Cr

layer being much smoother than the Ti layer.
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The skew index Ry of the Ti layer deposited on the surface of the large
diameter mechatronic component has a positive value, which indicates a probe distribution
of the asymmetric layer surface deposited towards right. The smoothing coefficient has a
positive value, but the resulting excess is also negative. This indicates a platykurtic
distribution (i.e. a flattened histogram curve that can be achieved). Given that the value of
the excess is equal to -0.792287667, very close to zero, it approaches a mesokurtic
distribution.

The skew index Ry of the Cr layer deposited on the surface of the large
diameter mechatronic component has a positive value, which indicates a probe distribution
of the asymmetric layer surface deposited towards right. The smoothing coefficient Rka
has a positive value, but quite high, so the excess is positive. Taking this into account, it
results that the deposited Cr layer has a leptokurtic distribution (the height of the histogram
curve that can be obtained is higher compared to the normal one).

Table 16. Average values of topographic parameters obtained after characterizing the

surfaces of thin layers deposited and subjected to wear tests

Thin layer Index of skew Smoothing
deposited Roughness R, R coefficient Ry,
Ti 100 nm 0.09712726 1.165551267 1.500688553
Cr50nm 0.0421583 1.693178 3.480143333

After the wear tests, the roughness values of the two layers increase, but with
very low values, which indicates an increased strength of the two materials. The difference
between the two values (before and after testing) is smaller for the Cr layer, highlighting a
higher resistance of this layer compared to the Ti layer.

The skew index Ry of the surface of the Ti layer after the wear tests has a
positive value, but lower than that of the deposited layer, which indicates an asymmetric
probe distribution towards right. The smoothing coefficient Ry, has a lower value than
before the tests, but still positive. This leads to a negative excess, indicating a platykurtic
distribution (i.e. a flattened histogram curve that can be achieved).

The skew index Ry of the Cr layer surface after wear tests has a positive value,
but lower than that of the deposited layer, which indicates an asymmetric probe distribution
towards right. Also in the case of this layer, the smoothing coefficient Rka has a lower

value than the one before the tests, but still positive. However, the excess obtained is
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positive. Taking this into account, it results that the Cr layer deposited and subjected to
wear tests has a leptokurtic distribution (the height of the histogram curve that can be
obtained is higher compared to the normal one). Given that the value of the excess is equal
to 0.48014333, very close to zero, it is close to a mesokortic distribution.

Following the comparative analysis of the topographic parameters, a decrease of
the surface roughness of both tested mechatronic components is observed. In both cases,
the resulting difference is:

» 0.049089947 for the Ti layer deposited on the large diameter

mechatronic component

» 0.035795233 for the Cr layer deposited on the small diameter

mechatronic component

This decrease in roughness, which also means a low surface destruction,
demonstrates an increase in the surface resistance of the mechatronic component following
the deposition on its surface of the two types of metal layers.

The deposition of the layers and the analysis of the surface roughness of the two
components not covered with the roughness of the layer, after the wear tests, caused a
decrease of the surface roughness of the tested component which was noted for both
materials. This demonstrates once again that the thin layers of Ti and Cr improve the wear
resistance of mechatronic components made of Rull steel.

By considering the roughness values of the two layers after testing, it was noted
that the value of this parameter for the surface of the Cr layer is lower than that of the
surface of the Ti layer. This demonstrates a destruction of lower degree in respect of the
uniformity of the Cr layer compared to that of Ti, and, again, the usefulness of these thin

layers in mechatronic applications.

5.2. Determining the diameter of the tested components

To determine the diameter of the mechatronic components before and after the
wear tests, the following machines were used: the length measuring machine DMS 680, the
measuring machine in MH-3D coordinates (from the endowment of the Length Testing
Laboratory within the National Research and Development Institute for Mechatronics
and Measurement Technigue) and the non-contact measuring system by scanning the
laser beam - AEROEL from the endowment of the Center of Intelligent Measurement
Technologies within INCDMTM.
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The diameter values of the mechatronic components tested in this thesis study
were used to determine the wear that occurs after their use.

Thus, the diameters of the large diameter mechatronic component were
determined, together with the diameters of the small diameter mechatronic component not
covered in Rull, the diameters of the large diameter mechatronic component in Rull
coated with Ti layer (100 nm thickness) and the diameters of the small diameter
mechatronic component in Rull covered with Cr layer (50 nm).

The mechatronic components were subjected to rotational wear tests. The large
diameter component was submitted to 13,800 (5 hours) rotational cycles, and the small
diameter component was submitted to 8280 (3 hours) rotational cycles. The average

diameter values of the part obtained before and after the test are shown in Table 17.

Table 51. Average values of the diameter of the large diameter mechatronic component
before and after testing

Item Initial diameter Diameter after 5 hours of testing

Average value 13.9901281 13.989532

A decrease in the diameter of the mechatronic component can be observed,
which is due to wear obtained through rotational tests. The value is of 0.0005961 mm, i.e.
596.1 nm (an average of 0.043 nm damaged during each rotation cycle). This involves the
damaging of a layer of 298.05 nm present on surface of the mechatronic component tested
after the 13800 rotation cycles.

Table 18. The average value of the diameter of the small diameter mechatronic component
before and after testing

Item Initial diameter Diameter after 3 hours of testir

Average value | 99963008 9.9960687

A lower value of the diameter decrease occurs in the case of the mechatronic

component with small diameter, following the completion of the 8280 cycles. This is a
difference of 0.0002321 mm, i.e. 232.1 nm (an average of 0.028 nm destroyed during each
rotation cycle). This is equivalent to the destruction of a 116.05 nm layer on the surface of

the mechatronic component tested after the 8280 rotation cycles.
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Mechatronic components coated with layers of Ti (100 nm) and Cr (50 nm)
were also part of similar tests, being exposed to 2760 (1 hour), 5520 (2 hours) and finally
to 8280 (3 hours) of rotation cycles. The average values of the diameter of the two parts

covered with Ti and Cr obtained before and after the test are presented in table 53.

Table 53. Average values of the diameters of the large diameter mechatronic component
coated with Ti layer and the small diameter mechatronic component covered with Cr layer,

before and after testing

This layer Initial Diameter after| Diameter after | Diameter after
deposited diameter 1 hour 2 hours 3 hours

of testing of testing of testing
Ti(100nm) | 13.9921731 | 13.992053 13.9919686 13.9918411
Cr(50nm) | 9.9901908 | 9.9901659 9.9900921 9.9899807

The large diameter mechatronic component, covered with a 100 nm Ti layer,
had a diameter decrease of 0.000332 mm, i.e. 332 nm (an average of 0.04 nm destroyed
during each rotation cycle). Thus, it is a destruction of a 166 nm layer after the 8280
rotation cycles. After 5520 rotation cycles there was a destruction of a layer of 102.25 nm,
which means that the Ti layer was destroyed before 2 hours of testing.

The small diameter mechatronic component, coated with a 50 nm Cr layer, had
a diameter decrease of 0.0002101 mm, i.e. 210.1 nm (an average of 0.025 nm destroyed
during each rotation cycle). Thus, it is a destruction of a layer of 105.05 nm after the 8280
cycles of rotation. After 5520 rotation cycles there is a destruction of a layer of 49.35 nm,
which means that the Cr layer was destroyed after 2 hours of testing.

It can be concluded that the Cr layer, although thinner, has a higher resistance to
wear tests. The difference in resistance between the two layers is not very high, but the Cr
layer with a half thickness as compared to the Ti layer lasts for a longer time to a wear test
conducted under the same conditions.

In addition, in the case of the small diameter mechatronic component, a layer of
116.05 nm was destroyed after the 8280 rotation cycles. When the Cr layer is deposited on
this component and is subjected to wear tests, a smaller layer of 105.05 nm is destroyed. It

is thus observed that the coating with the Cr layer with a thickness of 50 nm contributes to
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the hardening of the surface and of the wear resistance of the small diameter mechatronics
component.

5.3. Industrial applications of research results

The coatings have been tested in order to increase the life of the parts made so
far and to allow the improvement of the quality of the systems made for contractors. In
general, these coatings can be used for mechatronic components, such as high-precision
gears in miniaturized constructions, high-precision bearings, mechatronic equipment
components for measuring, positioning and adjusting: raceways, guides, grippers, etc.,
components for biomedical equipment, MEMS & NEMS.

The parts tested in the thesis are used in INCDMTM for the realization of
mechatronic systems for the automotive industry, respectively for Automobile Renault -
Dacia Pitesti and Componente Auto Topoloveni companies, etc. Thus, the current doctoral
thesis has high applicability and is suited for industrial implementation.

Thus, the following were tested: substrates used in mechatronics for dipsticks,
bushings, actuators, measuring plugs, counter plugs, positioning brackets, dipstick body
(OLC45, Rull) (figure 14) for the production of lyses, probe head standards, threaded
gauges and punches (C120, OSC8). Thin films of Al, Cr, Ti and multilayer Ti + Al were
deposited by the electron beam evaporation method. Al and Cr layers with a thickness of
50 nm, a Ti layer with a thickness of 100 nm and a Ti + Al multilayer with a thickness of

100 nm were obtained.
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Figure 14. Positioning systems for complex parts industry

Structural characterizations, characterizations of the surface topography and
physical-mechanical characterizations (analysis of the hardness and the adhesion of the
layers) of the thin layers obtained experimentally and technologically were performed.
Taking into account the fact that as a result of these characterizations, the Cr and Ti layers
had superior properties, they were tested on real mechatronic components in the Romanian
industry. The behavior of these materials following the deposition and testing under normal
conditions of use of mechatronic components was analyzed comparatively. Thus, the
ability of nanostructured thin films to improve the mechano-functional characteristics of
the components of mechatronic structures has been demonstrated.
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CHAPTER VI CONCLUSIONS. PERSONAL CONTRIBUTIONS AND
DIRECTIONS FOR FURTHER RESEARCH

The research performed under the pdh thesis "NANOMETRIC THIN
LAYERS FOR IMPROVING THE TRIBOLOGICAL CHARACTERISTICS OF
MECHATRONIC COMPONENTS" aimed to establish methods and technologies for
deposition of thin layers to ensure increased durability of the component.

A comprehensive documentation activity has been undertaken by studying
subjects and articles from the specialty literature regarding nanometric thin layers.

It was noted that in order to meet the current requirements of global production,
companies are focusing on the methods used, adopting new techniques and looking for new
technologies to make their production and costs more efficient.

Considering the conclusions resulting from the above mentioned
documentation, regarding the severe stress to which the mechatronic guiding-precentration
device is experiencing, complex investigations regarding the theoretical and experimental
modeling were started.

In collaboration with Prof. Dr. Eng. Gheorghe Gheorghe together with
researchers from INCDMTM laboratories | have developed an original solution to ensure
the durability of the mechatronic components subject to wear.

Under the careful supervision of Prof. Dr. Eng. Gheorghe Gheorghe |
performed experiments in the following Laboratories: MEMS & NEMS, Length Tests and
in the Research Center for the Laser Measurement Technique (CERTIM).

The main achievement obtained from the current doctoral thesis is the
demonstration of the ability of nanostructured thin films to improve the mechanical-
functional characteristics of mechatronic components.

The information obtained as a result of these studies will contribute to obtaining
of new and improved products, necessary for the Romanian society as a whole.

The results of these researches, especially tribological ones, could be extremely
useful for mechatronic engineers, who study the operating conditions of mechanical
components and thus, establishing the functional role of each component as a whole and

choosing the appropriate materials for proper functioning.
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6.1 CONCLUSION

During the thesis, thin metallic films were deposited on different steel sublayers
which were characterized from a physical-mechanical and topographic point of view;
finally, tests have been conducted on mechatronic components.

The experimental tests and analyzes performed in the course of this thesis
led to the following conclusions:

» during the research, experimental attempts were made to
deposit nanometric layers, thin films of Ti, Al, Cr, and
multilayer Ti + Al by several methods such as the electron
beam evaporation method. The following layers were
obtained: layers of Al and Cr with a thickness of 50 nm, a layer
of Ti with a thickness of 100 nm and a multilayer of Ti + Al
with a thickness of 100 nm, deposited on OLC54, Rull, C120,
OSCS8 sublayers;

»  considering the superior characteristics of the layers of Cr
(thickness 50 nm) and Ti (thickness 100 nm), these metallic
layers were deposited on several mechatronic components
for an applicative study;

» during the research, many tests and measurements were
performed for the physical-mechanical and topographic
characterization of the deposited thin films resulting in new
procedures and technologies;

»  considering the preliminary scientific objective, the results
obtained from the characterization of the deposited
nanometric structures were analyzed: characterizations of the
surface topography resulting from coating, physical-mechanical
characterizations (e.g. determination of hardness) etc;

» by analysing the values of some tribological parameters,
such as roughness, surface asymmetry and smoothing
coefficient, it was concluded that Cr is the thin film
deposited on mechatronic components that has the highest

hardness after wear tests;
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» Ti also leads to increased wear resistance of the surfaces of
some tested mechatronic components, but the Cr layer is
superior in terms of physical and mechanical properties;

»  the positive value of the skew index for both deposited layers
indicates an asymmetric probe distribution to the right both
before and after testing the mechatronic components, so not a
very large change in surface characteristics after testing.

»  the smoothing coefficient presents values that lead to a
negative excess, which indicates a platykurtic distribution (the
curve is flattened). The only exception is in the case of the Cr
layer after the wear test, when the excess becomes positive,
demonstrating a leptokurtic distribution (the height of the curve
is higher compared to the regular one);

»  the average roughness values are measured on a nm scale, thus
leading to the conclusion that there was not a very large
destruction of the deposited layers. The Cr layer deposited on
the tested mechatronic components has the lowest roughness
value;

»  after testing the mechatronic components, by analyzing the
variance in the diameter of the coated parts, the thickness of
the worn layer was determined. In this way, it was concluded
that the deposited Cr layer has a lower degree of wear than
the Ti layer, under the same real test conditions;

»  although the thickness of the Cr layer is half as compared to the
Ti layer, following the results obtained, it is confirmed that the
Cr layer has both a superior hardness and a higher
resistance to wear.

Thus, it was demonstrated the ability of nanostructured thin films (Ti, Cr) to
improve the functional characteristics of the components of real mechatronic structures for
several mechatronic equipment and installations for intelligent measurement and control,
implemented tribologically and industrially at several companies in Romania (Automobile

Dacia Renault, Componente Auto SA Mioveni, Renault Mecanique Romaine).
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6.2 DIRECTIONS FOR FUTURE RESEARCH

Following the obtained results, | consider that the future directions in the

research for increasing the durability of the protective coating of the mechatronic

components will have to take into account the following:

>
>
>

determining the optimal roughness of the base layer;

determining the optimal hardness of the base layer;

the possibility of using an intermediate layer to improve the adhesion of
the layer / sublayer, thus ensuring an increased mechanical resistance and
durability;

testing of covered parts in hydrodynamic regime.
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ocupat
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Numele si adresa

angajatorului

Activitati si responsabilitati

principale

Tipul activitatii sau

sectorul de activitate

Educatie si formare

Perioada

Numele si tipul institutiei
de invatamant /
furnizorului de formare
Calificarea / diploma
obtinuta

Disciplinele principale
studiate / competente
profesionale dobandite
Nivelul in clasificarea

nationald sau internagionala

Perioada

Calificarea / diploma
obtinuta

Disciplinele principale
studiate / competente

profesionale dobandite

Institutul National de Cercetare Dezvoltare Pentru Mecatronicd si Tehnica
Masurarii (INCDMTM) — Compartiment de Cercetare Dezvoltare Micro si Nanc
Tehnologii Mecatronice Sos. Pantelimon nr. 6 + 8, Sector 2, 021631,
Bucuresti, Roménia

» Cercetare stintifiica si dezvoltare tehnologica

» Participare la realizarea proiectului POSDRU 62144

» Redactare documentatie de realizare

Cercetare — Dezvoltare

2013 - prezent

Scoala Doctorald de Stiinte Ingineresti - Inginerie electrica, Ingineria materiale

si Inginerie mecanica, Universitatea Valahia Targoviste

Studii doctorale

ISCED 7

2005-2009
Inginer

Studiul Materialelor, Informatica, Proiectare asistata de calculator
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Numele si
tipul
institutiei de
invatamant /
furnizorului
de formare
Nivelul in
clasificar a
nationala sau

internationala

Aptitudini si
competente

personale

Limba
maternd
Limbi straine
cunoscute
Autoevaluare
Nivel

european (*)

engleza

Competente

si abilitati
sociale

UNIVERSITATEA VALAHIA TARGOVISTE, FACULTATEA DE INGINERIA
MATERIALELOR MECATRONICA SI ROBOTICA

ISCED 6
romand
Engleza
intelegere Vorbire Scriere
Ascultare Citire Participare la Discurs oral Exprimare scrisd
conversaie
B2 Utilizator B2 Utilizator B2 Utilizator B2 Utilizator B2 Utilizator
independent independent independent independent independent

(*) Nivelul Cadrului European Comun de Referinta Pentru Limbi Strdine

- Capacitatea de a lucra in echipa, adaptare la medii multiculturale, capacitate de

comunicare obtinuta ca urmare a participarii la seminarii / conferinte, proiecte de

cercetare, sunt o persoana care stabileste usor relatii sociale.

PhD Eng. Valentin GORNOAVA

47



Nanometric thin layers for improving the tribological characteristics of mechatronic

components

Competente si aptitudini de Microsoft Office 2013, Catia V5, SolidWorks 2019, ABBYY
utilizare a calculatorului FineReader 11
Competente si aptitudini Capacitatea de a face fotografii
artistice
Permis(e) de conducere

Da
Informatii suplimentare Starea civila Casatorit
Anexe Lista atasata - proiecte, publicatii
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PROGRAME / PROIECTE DE CERCETARE
Membru in echipa de cercetare a unor proiecte nationale si
internationale

» NUCLEU - ,Cercetari complexe pentru realizarea, caracterizarea si
evaluarea capabilitatii aplicative a depunerilor de straturi micro-
nanostructurate destinate componentelor biomedicale”, contract nr. 17 N/
2019, proiect PN 19 24 04 01.

» NUCLEU - ,Tipare submicronice utilizand tehnologii de litografie pentru
senzori integrati in sisteme cyber-mecatronice”, contract nr. 20 N/ 2018,
proiect PN 18 37 03 01;

» NUCLEU - “Acoperiri micro/ nanometrice pentru imbunatatirea
caracteristicilor functionale ale componentelor structurilor mecatronice”,
contract nr. 3 N/ 2016, A Ad.4/ 2016, proiect PN 16 21 04 01;

» SECTORIAL — “Tehnologii de realizare a lucrarilor agricole utilizand utilaje
ecologice”, contract nr. 1PS/2019;

» DEZVOLTARE INSTITUTIONALA - “‘Dezvoltarea institutionala a
INCDMTM pentru cresterea capacitatii si performantei in vederea sustinerii
excelentei in cercetare-dezvoltare-inovare pe termen scurt si mediu —
EXCEL-MECATRON”, contract nr. 5 PFE/16.10.2018;

» CECURI DE INOVARE - “Optimizarea tehnologiei de prelucrare a
carburilor metalice sinterizate cu ajutorul discurilor cu superabrazivi si liant
de noua generatie”, contract nr. 202CI/2018;

» CECURI DE INOVARE - “Elaborarea si caracterizarea unor noi retete de
materiale avansate din pudre metalice sinterizate pentru aplicatii speciale”,
contract nr. 25C1/2017,

» NUCLEU - ,Caracterizarea suprafetelor cu structuri micro i nanometrice
acoperite prin  metode inteligente mecatronice, destinate aplicatiilor
biomedicale”, contract nr.5 N/2009, proiect 09.05.03.05/2015.

» Membru in echipa de iplementare- PNIl - STAR - “Subsisteme pentru
nanosateliti”, contract nr. 8/19.11.2012;

» NUCLEU - "Elaborarea unui sistem complex de masurare si localizare la
mare distanta, a pozitiei si vitezei corpurilor, prin utilizarea sistemelor

mecatronice de masurare tridimensionala cu laser”, Proiect 09.05.01.13/2014;
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» NUCLEU - ,Caracterizarea suprafetelor cu structuri micro si nanometrice
acoperite prin metode inteligente mecatronice, destinate aplicatiilor
biomedicale”, contract nr.5 N/2009, act aditional nr. 1/2015;

» NUCLEU - “Actual §i perspective privind sistemele de control pentru
nanotehnologii” Proiect 09.05.05.02/2009;

» NUCLEU - “Tehnici de procesare si control pentru dezvoltarea
microsenzorilor nanostructurati”, Proiect 09.05.03.01/2009;

» NUCLEU - "Metodici mecatronice pentru evaluarea si controlul indicatorilor
proceselor de microaschiere abraziva, aliniate cerintelor UE", Proiect
09.05.03.04/2009;

» SECTORIAL MEcF - *’Alinierea productiei sistemelor pentru nano si
microprocesare la cererile si tendintele de dezvoltare in Europa si intreaga
lume”, nr. contract 21/839734/2007;

» “Model european de abordare a problemelor de echilibru social si promovare
investitii in industria prelucrdtoare” Programul SECTORIAL, Contract
18/839734/2007, Colaborator, proiect CDI finalizat;

» 2008-2010 Ctr. 18/2008 PLAN SECTORIAL C-da 11280 Dezvoltarea
sistemelor mecatronice de control integrat in procese de prelucrari mecanice
si montaj / prezent si perspectivd In cadrul proiectului am participat la
elaborare de programe de masuri pentru implementarea politicilor;

» Responsabil Grup tinta in cadrul proiectului - POSDRU/90/2.1/S/62144 -
“’Dezvoltarea educatiei pentru viabilizarea pietei muncii prin vectori
inovatori MECATRONICA-INTEGRONICA M&l)”, contract
POSDRU/90/2.1 /S/62144 [ 2010;

» Responsabil arhivare in cadrul proiectului POSDRU 2007-2013 AXA
PRIORITARA 2 -, Corelarea invatirii pe tot parcursul vietii cu piata muncii”

,,Prin practica ai viitor” - ID 141251
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Lista de lucriri Gornoava Valentin

CARTI STIINTIFICE

1.

The Evolution of the Manufacturing Industry, 2010 (Romanian), authors:
PROF. UNIV. EURING. DR. ING. Gh. lon GHEORGHE, Ing. Anton
VIERU, Ing. Cristina MARINESCU, Dr. Ing. lulian MUNTEANU,
Ing.Valentin GORNOAVA

Manufacturing  Industry:  Synthesis on  Sector Competitiveness,
2010, authors: Prof. Univ. Euring. Dr. Ing. Gh. lon GHEORGHE, Ing.
Anton VIERU, Ing. Cristina MARINESCU, Dr. Ing. lulian
MUNTEANU, Ing. Valentin GORNOAVA;

“The NanoSPRINT Encyclopedia of Nanotechnology, Volumul 1:
Carbon Nanotubes”, coautor Citat in Valentin Gornoava, Gheorghe
Gheorghe — “The calculation of performance indicators using high-tech
technologies for mems & nems from the industry of microelectronics”,
The Romanian Review Precision Mechanics, Optics & Mechatronics, no.
45 (2014), 94-97.

LUCRARI STIINTIFICE
LUCRARI PUBLICATE iN REVISTE DE SPECIALITATE BDI

>

drd. ing Gornoava Valentin.,, INCDMTM Coautori: prof.univ.dr.ing.
Gheorghe 1. Gheorghe ,,Evaluarea indicatorilor de performanta pentru
MEMS & NEMS din industria semiconductoarelor si circuitelor
microelectronice”. AGIR 2014

drd. ing.Gornoava Valentin, INCDMTM  Coautori: prof.univ.dr.ing.
Gheorghe 1. Gheorghe ,, The calculation of performance indicators using
high-tech technologies for mems & nems from the industry of
microelectronics” MECAHITECH14

Gronoava Valentin, Brezoi Dragos-Viorel2 1- INCDMTM Bucuresti, 2-
Universitatea Valahia din Targoviste ,,Metode de acoperire si control ale
suprafetelor componentelor protetice de sold” Conferinta Nationala cu

participare Internationala MECATRONICA INGINERIE MECANICA
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MICROTEHNOLOGII SI MATERIALE NOI - MIM-MMN 27 iunie
2014, Targoviste

» drd. ing.Gornoava Valentin, INCDMTM  Coautori: prof.univ.dr.ing.
Gheorghe 1. Gheorghe ,,Increase of functional durability of hip prostheses
by the use of high-tech technologies” Romanian Review Precision
Mechanics, Optics and Mechatronics.

»  drd. ing.Gornoava Valentin, INCDMTM ,,The role of high-tech industry
in the sustainable development” Romanian Review Precision Mechanics,
Optics and Mechatronics.

»  Gheorghe lon Gheorghe, lulian llie, C-tin Anghel, Valentin Gornoava,
Adrian Voicu, ,,Sisteme inteligente adaptronice pentru monitorizarea si
configurarea la distantd a procesarilor si proceselor de control integrat”,
Simpozionul Stiintific "Progresul Tehnologic - Rezultat al Cercetarii",
AGIR, 24 aprilie 2015, Bucuresti, Romania;

»  Valentin Gornoava, Gheorghe lon Gheorghe, Liliana-Laura Badita —
»Tribological Characterization of the Nanostructured Thin Films
Deposited by Intelligent Methods, for Mechatronic and Biomedical
Applications”, Scientific Bulletin of 'Valahia' University. Materials &
Mechanics, vol. 14, nr. 11, pg. 67-71 (2016), DOI: 10.1515/bsmm-2016-
0010.

»  Gornoava Valentin, Gheorghe Ion Gheorghe,”” Sustainable growth areas
with micro and nonometer coated through mechatronic intelligent
methodes by applying high-tech technologies” Universitatea Valahia din
Targoviste ~ MECATRONICA  SI INGINERIE ~ MECANICA,
MICROTEHNOLOGII SI MATERIALE NOI” EDITIA a XIII - a, 2015

»  Liliana-Laura Badita, Gheorghe Gheorghe, Vasile Bratu, Valentin
Gornoava, Marian Vocurek, Aurel Zapciu, lulian Sorin Munteanu —
“Mechanical Characterization of Nanostructured Thin Films Used to
Improve Mechatronic Components”, The Scientific Bulletin of
VALAHIA University — Materials and Mechanics, vol. 15, nr. 12, pg. 48-
54 (2017), DOI 10.1515/bsmm-2017-0009;

»  Liliana-Laura Badita, Aurel Zapciu, Valentin Gornoava, Marian Vocurek,

lulian-Sorin Munteanu — ‘“Nanostructured Thin Films Used to Improve
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the Tribological Properties in Mechatronic Actuating Systems”,
Proceedings of the 5th International Conference on Advances in
Mechanical Engineering ISCAME 2017, pp. 22-28, ISBN 978-963-473-
304-1

»  Aurel Zapciu, Marian Vocurek, Florin Izvoranu, lulian Sorin Munteanu,
Liliana-Laura Badita, Valentin Gornoavd — “Research on Sinterized
Materials from Metal Powder without Cobalt, for Special Uses”,
International Journal of Mechatronics and Applied Mechanics, nr. 3, pg.
236-244 (2018).

»  Liliana-Laura Badita, Valentin Gornoava, Adrian Marian Vocurek, Aurel
Zapciu, lulian Sorin Munteanu — ,,Thin Films Used to Improve the
Fundamental Characteristics of the Mechatronic Components”,
International Journal of Mechatronics and Applied Mechanics, nr. 3, pg.
127-138 (2018).

»  Liliana-Laura Badita, Aurel Zapciu, Valentin Gornoava — ,,Submicronic
patterns using lithographic technologies for future applications in the field
of sensors”, International Journal of Mechatronics and Applied
Mechanics, no. 5, pp. 113-122 (2019).

» Liliana-Laura Badita, Gheorghe Gheorghe, Valentin Gornoava and Aurel
Zapciu — “Lithographic technologies for submicronic patterns design
applied in microsensors domain”, Nonconventional Technologies
Review, vol. 23 nr. 3, pg. 63-68 (2019).

»  Aurel Zapciu, Valentin Gornoava, Liliana Laura Badita, Anton Vieru —
~Research on the optimization of sintering metal carbide processing costs
using diamond coated disks with resins polyamide binders”, International
Journal of Mechatronics and Applied Mechanics, nr. 5, pg. 187-193
(2019).
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LUCRARI PUBLICATE N VOLUMELE UNOR CONFERINTE
INTERNATIONALE

»  Gheorghe I. Gheorghe, Adrian Voicu, lulian llie, Valentin Gornoava si
Al. Constantinescu, ,,Intelligent Adaptronics for MEMS & NEMS”,
DAAAM International Scientific Book, Viena, Austria, 26-29 nov.2014,
cotata ISI;

»  Gheorghe Ion Gheorghe, Ilie Iulian Gornoava Valentin, ,,ADAPTRONIC
ENGINEERING USED IN THE CONSTRUCTION OF INTELLIGENT
MECHATRONIC EQUIPMENT AND SYSTEMS FOR THE
AUTOMOTIVE INDUSTRY” International Conferrence OPTIROB
2015, 27-30 iunie 2015, Jupiter, Romania, cotata IS, factor Impact: 0,15;

»  Liliana-Laura Badita, Aurel Zapciu, Valentin Gornoava, Marian Vocurek,
lulian-Sorin Munteanu — “Nanostructured Thin Films Used to Improve
the Tribological Properties in Mechatronic Actuating Systems”,
Proceedings of the 5th International Conference on Advances in
Mechanical Engineering ISCAME 2017, pg. 22-28, ISBN 978-963-473-
304-1.
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