ring Processes

aser Drilling

Conservation of energy per
unit volume

considered as a one-dimensional process and the laser beam intensity is uniform:
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Boundary conditions

asz—>oT=T, Temperature distribution inside the workpiece

REF: Salonitis, K., A. Stournaras, G. Tsoukantas, P. Stavropoulos and G.Chryssolouris, "A Theoretical and Experimental Investigation on Limitations of
Pulsed Laser Drilling", Journal of Materials Processing Technology, (Vol. 183, No. 1, 2007), pp. 96-103.
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Laser Beam Intensity
(Uniform)
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rosion front:

Drilling front

Heat enters the energy consumed for heat loss through
workpiece == phase change + conduction

[a] oA] 3 [mL] + |-kA i
dz z=0
i a: material absorptivity (-)
oS dT p: material density (Kgr/m3)
a]O = pL ——k| — L: latent heat of fusion (K3/Kgr)
ot dz _p| k: thermal conductivity (W/mK)
2= T: temperature (K)

REF: Salonitis, K., A. Stournaras, G. Tsoukantas, P. Stavropoulos and G.Chryssolouris, "A Theoretical and Experimental Investigation on Limitations of
Pulsed Laser Drilling", Journal of Materials Processing Technology, (Vol. 183, No. 1, 2007), pp. 96-103.
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e, aerospace, shipbuilding and
ange of materials such as metals,
rical conductivity.

@ Cutting head's
moving direction

g quality is important, especially if parts are
e used for assembly.

Yﬂin‘or
P

Laser

Focusing lens

Working

o stical design of experiments and analysis can be

used to identify the effects of the most important
parameters on quality characteristics, such as kerf width,
HAZ and cutting edge surface roughness.

Workpece

% effect of process parameters in kerf width % effect of process parameters in heat-affected zone % effect of process parameters in surface roughness
. Pulsing Frequency Cutting speed Pulsing Frequency

Cutting speed 0.81% 21% 11%

67%

Cutting speed Pulsing Frequency
13.57 13.16

Gas P Laser power
Ifiis/:r power % 212105/0 ressure lgj:/:r powe% Sg?‘%PFCSSUre 56.62 P ﬂ (13§s2Pressure
Cutting speed and laser power have the strongest Laser power, cutting speed and pulsing
effect on the quality characteristics and especially frequency are the major influencing
on the kerf width and heat-affected zone. parameters on cutting edge surface roughness.

REF: Stournaras A., P. Stavropoulos, G. Chryssolouris, (2006), “Investigation of Laser Cutting Quality of Aluminium”, In the Proceedings of
International Congress on Applications of Lasers and Electro-optics, October 30-November 2, Scottsdale, Arizona, USA.
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Regression model coefficients for cutting of
Aluminium AA2024

, P. Stavropoulos, Stournaras A., G. Chryssolouris, (2007), “CO, Laser Cutting of Aluminium”, In the Proceedings of the 5t Laser
ape Engineering, Erlangen, Germany, (September 2007), pp. 825-835.
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Nelding

welding,
ry

Focused
Laser Beam

15t Reflecting ?
Focus Lens Mi
. 1ITror
s (RWSs) implement: >
power laser sources

hs (upto 1.6 m)

systems with low inertia deflecting Reflecting
mirror or 1-mirror arrangements) Mirror
Focused
Laser Beam

Processing
Plane

Interface
Weld Width 3D Working
Volume
I |- Top Sheet B
» Characteristics:
— Weld Angle - Large Working Volumes (up to 2 m3)

- High laser moving speeds (up to 17 m/s)
- High production rates (typically 60

Bottom Sheet welds/min)
- Inclined welds are realised

Vertical
Penetration Depth

REF: Tsoukantas G., Salonitis K., Stournaras A., Stavropoulos P. and Chryssolouris G. (2006) “On Optimal Design Limitations of Generalized Two-
Mirror Remote Beam Delivery Laser Systems: The case of remote Welding”, 7he International Journal of Advanced Manufacturing Technology, DOL:
10.1007/s00170-005-0400-7.
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g Analysis
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REF: Tsoukantas G., Salonitis K., Stournaras A., Stavropoulos P. and Chryssolouris G. (2006) “On Optimal Design Limitations of Generalized Two-
Mirror Remote Beam Delivery Laser Systems: The case of remote Welding”, 7he International Journal of Advanced Manufacturing Technology, DOL:
10.1007/s00170-005-0400-7.
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ding Limitations

three different Focal Length options in a large
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REF: Tsoukantas G., Salonitis K., Stournaras A., Stavropoulos P. and Chryssolouris G (2006) “On Optimal Design Limitations of Generalized Two-Mirror
Remote Beam Delivery Laser Systems: The case of remote Welding”, 7he International Journal of Advanced Manufacturing Technology, DOLI:
10.1007/s00170-005-0400-7.



ring Processes
g of Laser Cladding

der that contribute to the clad formation

mf zp u(V/Z) m= mmelted —I_mc

atch

The mass of the solid particles that reaches the liquid substrate is considered negligible.

e The mass of the liquid |I:1articles can be determined from the energy consumed for the
melting and the latent heat of fusion from the following equation:

rh M tted _Qparﬂcles _a’QL _apbP
ol = = =

& t t-L t-L L

REF: Salonitis, K., P. Stavropoulos, A. Stournaras and G. Chryssolouris, "Thermal modelling of laser cladding process", Proceedings of the 5th Laser Assisted
Net Shape Engineering, Erlangen, Germany, (September 2007), pp. 303-311
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REF: Lalas C., Tsirbas K., Salonitis K. and Chryssolouris G. (2006) "An analytical model of laser clad geometry", International Journal of Advanced
Manufacturing Technology, DOI 10.1007/s00170-005-0318-0.
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entation

ad geometry includes two main regions,
namely the clad and the alloying zone. Clad
height (h), width (w) and depth (d) define

i the final geometry of the clad after the end
I pth of the process. In the alloying zone the
. alloying depth added material and the molten substrate are
D: dilution depth mixed. The sum of the alloying zone
thickness (a) and the clad depth (d) define
the clad dilution (D).

FPowder
feeder

Laser head

Powder
nozzle

Clad Characteristics

Experimental layout for Laser
Cladding

REF: Chryssolouris G., Zannis S., Tsirbas K. and Lalas C. (2002) “An Experimental Investigation of Laser Cladding”, CIRP Annals, Vol. 51 Nol, pp. 145-148.



Laser Beam

Wire material
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R,

Process speed

Schematic of the wire feeding laser
cladding process.

Pre-placed
powder

Clad layer (
Molten Pool Process Speed
>

Schematic of the pre-placed powder
laser cladding process.

REF: Chryssolouris G., Zannis S., Tsirbas K. and Lalas C. (2001) “On Laser Cladding”, 7he 34th CIRP International Seminar on Manufacturing Systems, 16-18
May 2001, Athens, Greece.
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ser Grooving Process
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a: Thermal diffusivity

dary conditions:
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REF: Stournaras A., P. Stavropoulos, G. Chryssolouris, (2006), “Theoretical and Experimental Investigation of Pulsed Laser Grooving Process”, In the
Proceedings of International Congress on Applications of Lasers and Electro-optics, October 30-November 2, Scottsdale, Arizona, USA.
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r Grooving Process

+QCond + QConv

By calculating the volume Vi of the melted
\ material at each pulse, the depth z/ can be

As

calculated
AT
o~k oty A; — —h-Aj -ty -AT
7. - B0 v i Lp
=
> Ai-p-L+2-k-7r-riiZ-tp
or AT
QCond= (k *ACond* aj *tp = [k *ACond* —) *tp

A;: Surface area of the melted finite volume

r;: Radius of the cylindrical finite volume
=(h*A * AT )*t p: Density of the material

QConv ( Conv ) P t,: Pulse duration

J

REF: Stournaras A., P. Stavropoulos, G. Chryssolouris, (2006), “Theoretical and Experimental Investigation of Pulsed Laser Grooving Process”, In the
Proceedings of International Congress on Applications of Lasers and Electro-optics, October 30-November 2, Scottsdale, Arizona, USA.
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als Processing

| Cylinder The concept of this device allows the
entrance of two different Laser

Arm A beams and their guidance to the

moving heads through arms A and B.

By adjusting the angle position of the
heads, in combination with the
rotating specimen, different
geometries can be created.

_

Angle between laser
heads

ADJUSTMENT OF SPECIMEN AND ARMS

POSITION REF: Chryssolouris G., Sheng P. and Anastasia N. (1991) “Development of

Techniques for Three-Dimensional Laser Machining” SAE 1991 Transactions,
Vol. 100/Journal of Materials and Manufacturing/Section 5, pp. 916-924.



Helix Removal (b) Ring Removal

cturing Processes

aterials Processing

This concept utilizes two intersecting beams
in order to produce parts with shapes
similar to those produced by conventional
methods

Turning operations can be accomplished by
helix/ring removal [Fig. a, b]

Incidence
3-D Volume Angle
Beam A LN —
Beam B A For the case of laser milling, two laser
Scanning ' beams are positioned at oblique angles from
Ry the workpiece surface to create converging
grooves in a workpiece. [Fig. ¢, d]
orkpiece

(c) Laser Milling With Small

Incidence Angle Incidence Angle

3D LASER MACHINING USING TWO
CONVERGING LASER BEAMS

(d) Laser Milling With Large

REF: Chryssolouris G., Sheng P. and Anastasia N. (1991) “Development of
Techniques for Three-Dimensional Laser Machining” SAE 1991 Transactions,
Vol. 100/Journal of Materials and Manufacturing/Section 5, pp. 916-924.

Tsoukantas G., Salonitis K., Stavropoulos P. and Chryssolouris G. (2002) “An
Overview of 3D Laser Materials”, Processing, Proceedings of 3¢ International
Conference on Laser Technologies and Applications, Patras, Greece, 2002, pp.
224-228.



