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Bending and Welding

welding

bending
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What kind of laser do you
propose for bending / welding?



Application of lasers in materials processing:
Intensity-Time Diagram

PLA/PLD — pulsed laser ablation/
deposition

LA — laser annealing

LC — laser cleaning

LIS — laser induced isotope separation/IR —
laser photochemistry

MPA/MPI — multiphoton absorption
lonization

LSDW/LSCW - laser supported
detonation/combustion waves

LCVD - laser induced chemical vapour
deposition

LEC — laser induced electrochemical
plating/etching

RED/OX — long pulse or cw CO.-laser
iInduced reduction/oxidation
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Laser Types: Pulsed & CW

Typical pulse Characteristic
length pulse peak power

Type of laser Pulse length determined by

) Time constants of active material
Q-switched laser ) 1 ns—100 ns MWs
and modulating element

Mode-locked Number of coupled modes, pulse

: 10 fs — 10 ps GWs
laser compression
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Free-running Lasers

laser pulse
To000 - j — .4
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« Free-running“ = no special pulse duration regulation

* pulse duration determined by pump duration, typically 10 ps — 1 ms
» peak power is relatively low

 total pulse energy can be quite high
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Nd:YAG Laser- Flash Lamp Pumped

Highly
reflective
mirror

Nd:YAG solid-state laser

Partially
reflective
Flashlamp (pump source) mirror
] ] T
— — = - Laser
_ = : outpuat
MD: ¥AG crystal (laser medium) J_
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Yb:YAG Thin Disc Laser
o / Retroreflecting prism

Thin disk on his cooling block | Parabol mirror with
With HR coating hole in his center

Fiber injected pump beam

N\

L

= |
\ - 0
Laser end mirror Laser output mirror

L/

Antireflection coatinki

L I\ Cristal laser disk

' ) 100 a 300 um thickness
Multilayer it
high reflection n |u.m ol
Cooling block

coating Apeer
Avantages: High power
High beam quality
Very efficient cooling and longitudinal
thermal gradient only.
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Thin Disk Laser

| | Trubisk 4601

four laser head combined give 8kW optical

power at 1030 nm (IR) .
TRUMPF ‘ | | - -
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Fiber Lasers

A ytterbium
fiber lasers

1 kW = erbium
Single mode . fiber lasers

Multimode

1TW =

single-mode output power

0.1W »

Nd fiber lasers

(Courtesy of IPG Photonics
Corp. Bill Shiner) - =

1.5 1.8

wavelength (pm)

thulium
fiber lasers

11 |

2

Figure 2. Wavelengths available with single-mode fiber lasers.

0], o [LO][LD] [CO|[1D] ¢ = ,
collimated
) ; - laser output

broad-area broad-area
multimode multimode
pump diodes pump diodes

Noc

HR multimode  cladding-pumped multimode
(R>20 dB) o]t I by coupler active fiber coupler t51rts] ! Afto (1dB)
Figure 1. Schematic of a typical single-mode fiber laser utilizing single-emitter diodes.
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Fiber Lasers

20 —F
17.5 |_1amp-and dioder f _—

pumped YAG laser /._,,,f
12.5 premium \ /

—%

beam parameter product (mm+mrad)

10 \
/ L \ M2 =15
7-5 disc Iasers/*/ ‘ - BPP = Al
. j’/ special ‘>< n/ =5 mm*mrad
s \ IPG[fiber lasers 5
. Ms=1
o M 2 4 6 8 10 12 14 ) BPP = A

— *
CW output power in fiber (kW) =0.34 mm*m rad

BPP(mme*mrad) = A(um) « M*/wr =0, W

Figure 3. Beam quality of kilowatt-class fiber lasers.

(Courtesy of IPG Photonics Corp)
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Light Emitting Diodes

+ | l_
| Differences between
7 LED and LD (laser diode):
p-type i n-type
0.0 0 O sa0e®.° ® o -LED_ Qevices do n_o_t reach light
O0-0 O O ® o o_o- amplification condition
O 0O OS ® o o o *® .
,'o LD have designed resonator
hole electron )
S (feedback) to promote stimulated
S ight ® @ @0 @ e ® conduction band  emittion
E NN o Fermi level LED are spontanous emission
W | m========ua- - band gap devices

[forbidden band)
valence band

L. D emission is more directed

——

Recombination of electrons and holes in the
p-n junction liberates energy, emitted as light.
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Light Emitting Diodes

small area surface emission
Broad area surface emission

Surface emitting LEDs

Metallization

o -

— —1—1
| — g ——
% ~——_ Active

layer —=
n DBRI
}1 DBR

T e T T T e
~ e

Metallization

pDBRI

Insulation

Broad area edge emission Strip geometry edge emission

Edge emitting LEDs

=

Emitting surface of the LED can be quite small:
dia.~10 um — for surface emission
1 pum x 10 um — for egde emitting LED
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Laser Diodes: Production Chain

Epitaxialy grown Individual emitters or emmiter  single emmiters mounted on
semiconductor thin films bars by lithography process passive cooler

Ve
g
P
g
vertical stack (high power) of fibre coupled and water cooled laser diode P
: modules
laser diode bars JENOPTIK

http://www.jenoptik.com/en-diode-laser
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Laser Bending

Laser beam
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Laser Bending

heating - counterbending

a«
I_~ (M‘) M:

cooling - positive bending

Laser Materials Processing MICRO 520 EPFL

heated zone
compressive stress
1

sheet metal

Moment due to section
modulus and bend angle o

compressed zone
tensile stress

2

expansion
compressive stress

3

P. Hoffmann
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Laser Bending

[ N
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Laser Welding

‘* ITHdTN

Fixation by laser welding

The audio chip for the DCC (Digital Compaer Cassens) mounted onlo a special carrier for laser-adjustment
After ‘rough’ fization by laser welding, the carrier cliows an gecurate adiustmens of Pee impertant degrees of
freedom of the chip: the Irock-heipht and the aximuth of the thin film heads If the porir L, R and M are irradiated
By short iniense iaser pulses, rheir lengths change by the thermo-machanieal shrinkape: the parts become shorier
by a few microns. The carrier fulfils the function of an actuater for fine-adiustment of the awdio chip, The carrier
also acts as @ support for moeunfing the audio chip inte the DCC-player: ‘the acmator (5 part of the producst . &

can be mass-produced by simpie stamping from rhin matal sheet.

P. Hoffmann
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Laser Welding

e conduction welding
e deep welding

Laser Materials Processing MICRO 520 EPFL P. Hoffmann 19



Laser Welding

Laser beam

- L
By e
hy J '_\ '_\ ‘_\ ‘_\ "t‘\ ‘\ ‘_\(\ f‘ -,\r\ ‘\‘\‘_‘.‘\ ’\f\._\

DDRDEDI? I

PR WO O

sample

Yy ] Melt zone

Principle of conduction welding
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Laser Welding — Melt Dynamics

Laser beam

7

.
/,;// 4/////

Melt Scanning dlrectlon B Seam

Melt bath dynamics and deformed surface
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Laser Welding — Marangoni Effect

@ do/dT < 0

T SchweiB-
richtung

do /dT > 0

P P

Melt zone for different surface tension on temperature dependencies
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Laser Welding

2.0 A: Iron
B: iron with 0.01% Oxygen
- C: iron with 0.01% Sulphur
- ,-—-B ---._._\
> 1.8}
L
c
g -
Q = 7~
g [ 7€
(7_“.; /
1.6
| 1
1500 2000 2500
Temperature [°C]

Melt zone for different surface tension on temperature dependencies
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Laser Welding

0.2

041
L Aluminium Vo o
0 6 1 | 1 1 I | ] 1 | I | ] ] 1 sl

0 0.5 . 1.0 1.5
moving direction  [Mm]

1 1 [ | l
069 0.5 1.0 15
moving direction | X [mm]

Numerically simulated melt isotherm for steel and aluminium
at 6 mm/s scanning speed
(the dashed line marks the melt zone if convention is not taken into account)
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Laser soldering

100
Steel absorption to 100
10.6um radiation Electric field —-
2 80 L R 80 Hto plane of incidence
= by
:g 60 S 60
B F
2 40 € 40 [Electric field #
Q o to plane of incidence
20 20T
Steel, 1.06um radiation
0 L 1 1 L 1 0 . 1
o 1 2 3 4 5 6 0 30 60 90

Oxide thickness pm Angle of Incidence (degrees)
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Laser Welding

F’L = 20 kW
Emm<s <12 mm
20 m/min > v_ > 5 m/min

Polarisation welding of tubes
polarisation is cosen to increase the reflectivity on the walls
to guide the light deeper

Laser Materials Processing MICRO 520 EPFL
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Laser Welding

m S RS
SAAAALSLSSL s 2 0 SLLSS IS,

(a) Butt Joint (b) Fillet or Lap Joint
R LK S
(c) Spot or Lap Weld (d) Spike or Spot Weld

\ r

(e) Flange Joint {(f) Edge Joint
% A
(g) T-Joint /4‘
\ (h) Flare Weld

(j) Kissing or flare Weld

(i) Corner
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Laser Welding

& 50 mm |

Vi, =0.6m/min  F=10 P =20 kW
v, = 0.6 m/min fe =330 um

Double side welded seam of 50mm thick steel
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Deep Laser Welding

(1) Plasma cloud
(2} Molten matari=~

(3) Keyhale
Incident laser
(4) Weid degth
Metal beam
vapour
Plasma
i

Heat conduction welding Deap penetration welding
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Laser Welding

Material St 52-3 PL =10 kW

Stegdicke = 15 mm Bodendicke s = 10 mm
v, = 1.5 m/min F=13

£= 320 pm

Abb. 2.3.4 Laserstrahlschwei3ungen an Doppelbdden
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Laser Welding

P =10 kW F=135 s=6mm
E= 320 um Vg = 2,7 m/min
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Laser Welding

Laser Beam: Spot Size
Focal Position

Energy/Power
Pulsed /CW
Pulse Shape
Pulse Rate
Belam Mode Joint/Weld
Shielding Gas: Polarisation T Geometries
Composition
Shroud Desigs Square
Velocity Weld
Spot/Spike
Weld
Gap Tolerance Weld Speed
Metal Thickness % Overlap
Metal Compositions

Fig. 4 10. The main process parameters.
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Laser Welding of Plastic

image du faisceau sur boitier

Ring soldering

telescope lentlle . .
using axicone

Image aprés axicon

Boitier

@ao0e g
"D opoe®

xe de rotation =

Moteur

Ring soldering using
rotaion of the object
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