g (e e b

31 oozl b (g 5 LCumiilo 1ot dwnal>

oy Lo oBLLG10— pguasio ddgi (o g Je ol



LASER

light amplification by stimulated emission of radiation
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(b) Rubber
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TABLE 5.2 Different Types of Lasers

Laser tvpe Wavelength, nm Typical performance
Solid Ruby 694 Pulsed, 5 W
—_— Nd-YAG 1064 Pulsed, CW, 1-800 W
Nd-glass 1064 Pulsed, CW, 2 mW
Semiconductor GaAs 800-900 Pulsed, CW, 2—-10 mW
Molecular COs 10.6 um Pulsed, CW, <15 kW
—_—
lon Ar® 330-530 Pulsed, CW, 1 W-5 kW
Excimer 200-500 Pulsed
Neutral gas He-Ne 633 CW, 20 mW
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1. Laser-beam generator
-f—-’ﬂ

2. Beam delivery: mirrors, beam
splitters, focusing lenses

3. Work piece positioning
4. Auxiliary devices: Laser head,

safety-eguipment, etc.

In addition, assist gases also
required _(

Jory Ju— u#—v
D/JJ/’)LTL_/‘;//“ >

(a) Parallel Nozzle (b) Convergent Nozzles

FIGURE 3.19  (a) Parallel and (b) Convergent Nozzle Designs

Gas B

Circular
Flow Region

(b) Ring Nozzle

(a) Convergent-Divergent Nozzle

FIGURE 3.20 (a) Convergent-Divergent and (b) Ring Nozzle Designs
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Continuous Wave (CW) commonly

results in the highest cutting speed

& better surface finish. —2 Vit
Roughness is determined by 928

thickness, alloy content, etci\

Pulsed beam results in the fewest
thermal effects & least distortion of
workpiece. With drilling
overlapping holes, it's possible to

cut with smoother surface\

B

Tim
(a)Cou usWa )PulsedBam

.17 Laser BM:M
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Hole feature Range \

Diameter 0.005-1.27 mm, larger in trepanmng >JJ’/ 5-7
Depth 1.7 mm —~— - .
Angle 15-90° CINr v : v
Taper. 5-20% hole diameter > -"f' \§ A
Depth/diameter ratio 50:1 ,_,./
Drilling depth (trepanned) 6.4 mm \ f ‘ ') L
Tolerances  — ——— +5-20 % diameter \f-J_/ l
Minimum corner radious __025mm , J—'J J

e

N —

1)
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(a) Absorption and heating

Liquid
Laser beam Solid-liquid interface

Solid

(b) Melting

Material removed
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Laser beam ___"fug

Workpiece

(¢) Vaporization
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Single pulse drilling Trepanning drilling  Percussion drilling
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Working material ) (, Assist gap
« Type : « Type
4 - Surface reflectivity Quality of holes « Pressure
j 7 « Thickness + Nozzle design
p—

Environment Focusing lens -
« Humidity LBM » Focal length “—?/
« Tempeérature « Focal position — -~

Laser pulse
+ Pulse shape
Frequency .f/

Wavelength \

+ Beam divergence—ﬁ (-’G\ JJ j
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SuperiorJoining Technologies INC.

® Precision Welding * Laser Applications * Special Processes
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P=1300W
p =40 psig (275.88 kPag)
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56 £ 0.04
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0.68
0.68

//% %

Cu 304 SS Low C Steel

\@ Meals

Table 4.2 Absorptivity values for metallic materials (Patel and Brewster 1991)

Material Room temperature value Oxidation-enhanced value
Al6061 0.28 04

Cu 0.02 02

304 stainless steel 0.32 032

Eow C steel 0.45 0.6
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Figure 20,13 Beam delivery system for laser cutting applications,
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a = Taper angle

t = Material thickness

d.« = Entrance diameter

degt = Exit Diameter
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Wall thickness Angle to surface
Component Diameter (mm) (mm) (degrees) No. of holes
Blade 0.3-0.5 1.0-3.0 15 25-200
Vane 0.3-1.0 1.0-4.0 [5 25-200
Afterburner 0.4 2.0-2.5 90 w
Baseplate 0.5-0.7 1.0 30-90 10,000
Seal ring 0.95-1.05 1.5 50 180
Cooling ring 0.78-0.84 4.0 79 4.200
Cooling ring 5.0 4.0 90 280
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_ ower densit P, =
J P Y/ ¢ HanzﬁTﬂ > 'YV
— e\
spot diameter d,=Fo LGS/
P, =power density, W/em?
CFEL L = laser power, W

fm'fh of lens, cm
E 141 h AT pulse duration of laser, s
v o =beam divergence, rad
C; = constant depending on the material and conversion efflclencw,
E, =vaporization energy of the material, W/mm"
_ 2
h _( F (X) - material,

A, = area of laser beam at focal point, mm?
h =thickness of material, mm
4CEL d, = spot size diameter, mm

nE (Fo)*h

C\ L machining rate
VRR = L mm3/min

e

machining rate ¢ =

mm/min
S —

¢ =
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Industrial field

Applications

Aerospace

Microelectronics

Automotive

BiomedicallMEMS

Environmental/Renewable energy

Others

Turbine component cooling
Engine silencing

Aerofoil laminar flow
Inkjet printer nozzle

PCB via interconnects

IC test vertical probe card
Optical switching

Fuel injection nozzle
Fuel filter

Car brake sensors
Connecting rod lubrications
Catheter sensors
Aerosol spray atomizers
DNA sampling

Vaccine Production
Lab-on-a-chip

Toxic gas sensors

Solar cell technology
Fuel cell

Particulate filters

Food packaging
Gemstone drilling
Digital finger printing
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Direct metal laser sintering (DMLS)

Fraunhofer
USA

Center for Coatings
and Laser Applications

Laser Additive Manufacturing of
Turbine Blade Demonstrator
(Direct Metal Deposition Process)
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