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Zakres d .fal

100-315 nm
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780-1400 nm
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3000-100000 nm

Oddzia ywanie na oko

Zapalenie rogowki
M tnienie soczewki
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M tnienie soczewki, uszkodzenie
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M tnienie soczewki, zapalenie
rogowki

Zapalenie rogowki

Oddzia ywanie na skor
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Wzmocnienie pigmentu He-Ne-Laser
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Nd-YAG-Laser

Diodowy laser
Zapalenie du ej mocy

CO,-Laser
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Laser impulsowy, Procesy termiczne
powy ej0,25s
laser liniowy

du szyni 10s Laser liniowy Procesy termiczne,
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Ablacja — proces, w ktorym wysokoenergetyczne kwanty promwgania
laserowego wywo ujobni enie energii wiza pomi dzy cz stkami,
co umo liwia zdejmowanie warstw atomowych jedna po drugiej




szok termiczny

utwardzanie
udarowe




100%

TEMea + TEMar TEMw + TEMo:

Mdstawowy TEMwe Padstawowy TEMx

Rys. 2.1, Schematyczne przedstawienie rozkladow natezenia promieniowania laserowego w przekroju
wiazki laserowej; a — o modzie podstawowym TEMg, b, ¢, d — wiclomodowej.

Wiazka
I

Laserowa

Glebokost
przetopienia

Schemat obrébki za pomoca lasera o dzialaniu impulsowym (TEMy). Schemat obrébki za pomocy lasera o dzialaniu ciagtym (TEMo).




indentation force

Wear test IR

deformation

(ball pushed into the
coating)

H. Jehn, G. Reiners, N. Siegel, in: DIN Deutsches Institut fu'r
Normung e.V. (Ed.), Charakterisierung du"nner Schichten,
DINF-achbericht,

vol. 39, Beuth-Verlag GmbH, Berlin, 1993

SEM image of the coating surface
after mechanical test




32 layered Ti/TIN coating

Cross- section of the place where penetrator was pushed into the coating




|. as-deposited mono-layer coating

Coating surface _ _
TIN coating

residual-stress caused micro-cracks

Austenite steel substrate

o
'~ TEM image of the cross-section




Single layered coating- low loading (0.25N)
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TEM image of the cross-section




mcrack {111}

HREM image of the crack at the cross-section

&




Single layered coating- high loading (1N)

Area endangered by corrosion

Substrate has a contact with outside environment

TEM image of the cross-section




32 layered Ti/TiN coating ratio 1:1

Vs

STEM images of cracks
propagating across the coating
under applied load




32 layered Ti/TIN coating

[111]TiN 1l [001] a-Ti
1,0,0 Ti

2,-1,0Ti

1-10Ti

Zone [001]
Local plastic deformation
(slip systems)
/cracking

TEM image of the cross-section




Ratio 1:2 8 x Ti:TIN







coating

Penetrator

D ——

Direction of the sample movement

Surface of the coating
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Rockwell
200 mm
0.01-30N

Kula- tarcza
ISO 20808:2004




Wspolczynnik tarcia

wsp wsp wsp wsp wsp
tarcia tarcia tarcia tarcia tarcia
1IN 3N
0,11 0,11
0,08 0,11
0,07 0,07
0,13 0,12
0,12 0,14
0,1 0,12
0.12 0.1
0,8
0,7
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0,5
0,4
0,3
0,2
0.1
0 _’ T T T

0

1000

2000 3000
Liczba cykli

4000

5000

-wspo czynnik tarcia przy obci eniu 1N, obrotach 1500br/min i
w trakcie testu obejmuj cego 20000 cykli.

- sekwencja obci e : 3N-5000cykli, 5N-5000cykli, 8N-5000cykli
i 12N-5000cykli.

Trwalosc¢ [kc*N]

160
140
120
100
80
60
40
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3 4 5 6 7 8 10

Paralozyskowa



Pow oka amorficznego w _gla
Test- 1N/ 2000 cykli




Pow oka TIiN
Test- 0,25N/ 20000 cykli






































































Normal

solidification

|| 2/= const.

10°
d4V= const.

Rapid solidification

SOLUTE
TRAPPING

LOCALISATION OF DIFFUSION

101 10 108
V [m/s]

d- length of
microstructure

V- growth velocity

either | l- eutectic spacing

d represents()% R- dendrite tip

radius




W. Kurz, D. J. Fisher, Fundamentals of Solidification;

TRANS. TECH. PUBL. 1992







laser treatment

melt spinning

atomization

velocity (V)

temperature
gradient (G)
cooling
rate (T)

G/V ratio




oL aser Modification
Nd:YAG
CO,
*Diode laser













Laser prototyping

Hybrid manufacturing process
Laser cladding + high speed milling




The Hybrid Concept

Combination of different metals within one part.




Introduction
Schematic representation of the laser cladding process




HSC milling machine combined with a Nd:YAG
laser cladding nozzle.




Tool path generation for milling




Tool path generation for LC




Results And Conclusions

Wineglass fabricated by 5-axis LC




Ablacja — proces, w ktorym wysokoenergetyczne kwanty
promieniowania laserowego wywo uwbni enie enerqgii
wi za pomi dzy cz stkami, co umdiwia zdejmowanie

warstw atomowych jedna po drugiej




lonized vapour
deposition




Sputtering

Thermal
evaporation

inclusion energetic | sputtering || implantation
peaks




turnable target

Pulsed laser
(Nd:YAG)




Rotary table (@ 560 mm
for substrate movement

Substrate mounting
(heating, cooling

Substrate
rotation




CHAMBER ENVIRONMENT INTERACTION ON THE
SHAPE OF THE PLASMA FLOW
Iitaniume arget anlatien R the vacuum
10=mbar (10 Pa)

Plasma plumiiew as a
filinction efitime (CCD
[egistration)




CHAMBER ENVIRONMENT INTERACTION ON THE
SHAPE OF THE PLASMA FLOW

Titanitim target ablationiin 5 Pa (5x10=miar) pressure

Plasma plumiiew as a
filinction efitime (CCD
[egistration)




large number of coatings materials

congruent evaporation of the target material

high purity of coatings

Improved adhesion, extremely fine structure

coating of temperature sensitive parts







TI/TIN- 32 layers

Stal austenityczna (Cr- Ni
18 8)




Cr/CrN

8- layers 32- layers 64- layers




Cr/CrN- 8 layers (HRTEM)




TI/TIN- X-ray texture tomography




Cr/CrN- X-ray texture tomograp




Cr/CrN- 4 layers (defect)
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Kierunek przesuwani
si penetratora
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