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What is LASER?

= |t IS an aberration for:

= Light Amplification by Stimulated Emission
of Radiation
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The Bohr Atom

In this model, electrons can go

from one level to another :

but they stay

them. That makes the
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outside world. Likewise, when an
electron drops from a higher state
to a lower state, the atom must

_ Bohr’s atom and simple energy level diagram
give off energy.
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m2g Light is not only a wave, but also a particle

Photographs taken in dimmer light look grainier.

Very very dim Very dim

Bright Very bright  Very very bright

When we detect very weak light, we find that it’ s made up of particles.
We call them photons.
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Photons and Energy

Photons are particles of zero mass. They have the characteristics of both
wave and particle. Each photon has an intrinsic energy determined by the
equation:

E=hv

There vis the frequency of the light and Ais Planck’s constant. Since, for a
wave, the frequency and wavelength are related by the equation:

Av=cC

where A is the wavelength of the light and c is the speed of light in a vacuum.

Therefore: i
E = nc
]
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Spontaneous and stimulated emission
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Lasing Mecdiurn:

Provides appropriate transition and
Determines the wavelength

Purng:
Provides energy necessary for population

inversion

Opiical Cavity:

Provides opportunity for amplification and
Produces a directional beam (with defined
length and transparency)

Power supply

Laser pump
(e.g. lamp, diode, RF)

Mirror 1

Mirror 2
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Y Laser beam
Laser active medium

(e.g. Nd:YAG, Yb:YAG, CO,)

Resonator
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Properties of Laser beam
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=y [ aser Beam Machining (LBM)

= Uses the light energy from a laser to remove
material by vaporization and ablation

<«—— 100% reflecting mirror

< Properties

— Monochromatic (<=
3))(theoretically, single wave

~<—— Flash lamp (both sides)

Laser <
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length)
— Highly collimated (light rays are : pol— Laser discharge tube
aImOSt perfeCtIy para”el) V¥ Partially reflecting mirror
— Allows laser light to be focused,
using optical lenses, onto a very LT eseriantbeam
small spot with resulting high power T Lens
density (10"8 W/cm2) el lsgh
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Workpiece

P
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= [ aser Beam Machining (LBM)

N e
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* Particles removed by vaporization

* Work materials should have:
- high thermal conductivity
- minimal thickness

» Used for...

Laser Marking (scribing)
Laser Cutting

Laser Drilling

Laser Surface Treatment
Laser Cladding

Direct Laser Fabrication
Laser Forming

Laser Welding

Peiman Mosaddegh — Non-traditional Machining
Department of Mechanical Engineering

12



Laser absorption

Excimer-Laser (Krf) Nd:YAG-Laser CO,-Laser
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Laser Absorption vs Wavelength
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Effective Parameters In Laser Material
Processing

laser beam
wevelength

lse durati

ulse duration

laser Eearn quality
polarization
mode order
spatio-temporal fluctuations

beam shapping
focus length

aperiure
ab=mations

material properties
absorption

heat conductivity
density

heat capacity

mielt enthaloy
evaporation enthalpy
work piece geometry
dynamical processes
mieit:

- surface tension

- wiscosity

WEPOE

- vapor density

- electron density

- temperature (and gradients)
- plasma abeorplion

From R. wester
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LASER PROCESSING APPLICATIONS

Laser Marking

Laser Cutting

Laser Drilling

Laser Surface Treatment
Laser Cladding

Direct Laser Fabrication
Laser Forming

Laser Welding
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Laser Marking

« The worlds largest laser application
* Relevant to all sectors

 Almost any material can be marked with
laser

It is the best solution to
engrave on Ti, SS, Al, ..
Specially for application in
medical devices
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Application to a wide range of materials and
thickness

Narrow kerf widths

High speeds

Very high repeatability

Very high reliability

Easily automated and programmable
Flexibility in changeovers

Reduced tooling costs and setup times
Non-contact process

Versatility (same tool for welding)

3D cutting

Cloths and plastic_cutting _ __
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Laser Drilling

* Hole diameters dependent on laser source
« Trepanning: small / large holes > 0.6mm

« Precision: small holes < 0.6mm

« Advantages of Trepanning

« Shaped holes

N\ « Advantages of Percussion

* Drilling on the fly

Laser drilled injector
holes, 60 Deg

2560 Hi.sen e 060215

50 um diameter
hole in steel
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Laser Surface Treatment

Three main processes: hardening, melting, cladding

Laser Transformation
Hardening

Laser Cladding of Metal-Ceramic
Composite

Laser Surface Melting

500 pm ; L
— I b R
DR A
English.cas.cn

http://www.laser-industrial.com/ http://www.gsiglasers.com/
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Selective Laser Sintering

Parts built up layer by layer
A laser beam selectively melts powder into a designated shape

The component sinks into the bed, a layer of powder is deposition above

the component
The process repeats until the component is finished

Scanning optics

Spreading
1oller

Build
platform

Unsintered

Build chamber
power

Powder supply
cartridge

Build cylinder Sintered part ditional Machini ng "
Department of Mechanical Engineering



Laser Forming

Bending metal with light
Laser beam induces thermal stresses
The plate expands, cools and contracts

The flat plate deforms into a new shape
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Laser Welding

Laser Welding Modes
= Conduction Welding
= Deep Penetration Welding (Keyhole Welding)
sConduction Welding: the power density is insufficient to cause boiling and therefore

generate a keyhole. The weld pool has strong stirring forces driven by Marangoni-type
forces resulting from the variation in surface tension with temperature.

sKeyhole Welding:
This hole is stabilized by the pressure from the vapour being generated. The “keyhole”
behaves like an optical black body, it enables the beam to be nearly all absorbed.

Conduction
mode weld

“—- Laser beam

Plasma filled
keyhole

s 0 boam Deep penetration
. or keyhole weld

Liguid metal
weld pool

Liquid metal
and HAZ
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file://localhost/Users/eforoozmehr/Documents/Ehsan Docs/IUT/Teaching/Laser Technology/Teaching Slides/Movies/good movie to show the moltem pool in the laser welding.mpg
file://localhost/Users/eforoozmehr/Documents/Ehsan Docs/IUT/Teaching/Laser Technology/Teaching Slides/Movies/good movie to show the moltem pool in the laser welding.mpg
file://localhost/Users/eforoozmehr/Documents/Ehsan Docs/IUT/Teaching/Laser Technology/Teaching Slides/Movies/keyhole_welding.wmv
file://localhost/Users/eforoozmehr/Documents/Ehsan Docs/IUT/Teaching/Laser Technology/Teaching Slides/Movies/keyhole_welding.wmv
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Joint Arrangements
Various welding joint

arrangements: a butt
joint, b fillet or lap joint,
vt QP c spot or lap weld, d

- i spike or spot weld, e
flange joint, f edge joint,
g T-joint, h flare weld, i
corner, and j kissing or
flare weld

A g RES

R i 200NN

i\ a . __._____1Machining
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