Processing with kW fibre lasers - advantages and limits
Invited Paper
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ABSTRACT
Up-to-date fibre lasers produce multi-kw radiation with an excellent beam quality. Compared to CO2 -lasers, fibre lasers
have relatively low operational costs and offer a very high flexibility in production due to the beam delivery with process
fibres. As a consequence, fibre lasers have attracted more and more attention. On the other hand, their use in industrial
applications especially in the automotive industry is still limited to a certain extent and fibre lasers haven’t replaced all
other laser sources till now as it could be expected.
In laser cutting, the small kerf width produced by fibre lasers should be advantageous since the heated volume is smaller
compared to CO2 -lasers. In fact, cutting velocities are usually much higher which is also caused by the higher absorption
coefficient of most metals at the wavelength emitted by fibre lasers. Nevertheless, cutting with fibre lasers of some metals
- e.g. stainless steels - is restricted to a small thicknesses of approx. 5mm. The reason for this is that the surface roughness
of the edges increases dramatically with the thickness of the work piece.
Applications of fibre lasers include e.g. remote welding or even remote cutting of a large variety of materials with
usually excellent results. Due to the excellent beam quality the aspect ratio of the weld seam in relation to the penetration
depth is quite good. In the case of thin sheet metal welding such a small beam waist is beneficial - but with thicker
sheet metals it is very often disadvantageous since the preparation of samples is more complicated, costs increase and
requirements on clamping devices rise.
In this paper, advantages and disadvantages of fibre lasers are discussed briefly. Applications of a 1.5 kW fibre laser
are presented and compared to classical laser systems.
Keywords: high power laser, solid state laser, fibre laser, diode-pumped lasers, magnesium, az31, Mg-3Al-1Zn, laser
welding, laser cutting, process fibre, beam quality, focussability, process stability and optic.

1. INTRODUCTION
High Power Lasers have become an indispensable tool for manufacturing. Applications like laser cutting or laser welding
are widely used in industry. Since many years CO2 lasers are the work horse for these applications. But on the other hand
solid state lasers are used as an industrial tool since 1970. These first lasers delivered short pulses for spot welding or
drilling. Nowadays there are also continuous (cw) high power solid state lasers available. Also, we have to keep in mind
that the first reported laser was a ruby laser that was built by Theodore Harold Maiman in May 1960.
The biggest advantage, beside several others, of solid state lasers is, that quartz glass fibre - fibre optic cables - are
transparent in the wave length range of 1µm. In 1985 these optical cables were introduced to the market by the former
company HAAS - since 1992 company TRUMPF.? With this technology it is possible to separate the laser source from
the processing area while the laser beam is simply transported within the step-index fibre optic cable. The user has the
freedom to put the source up to 100 meters away? of the application without the need of straight line beam guidance from
one mirror to the next. As a disadvantage the laser beam is leaving the multi-mode fibre with a top hat profile instead of an
Gaussian beam.
If you imagine a laser application with 3D work pieces with the need that the laser incidents rectangular to the surface
and - as a guiding system mirrors for a free beam propagation - you need a five axis movement system to align the laser
beam proper on the work piece. In this case, a fibre cable guided system is in favour due to the lack of aligning the mirrors
properly - and therefore the simplicity of the set-up.

The availability of lasers, which is very important concerning just in time production, can be increased by using solid
state lasers. Due to the strict separation of laser and processing head connected to each other by the glass fibre, it is possible
to substitute a faulty laser with another one, by simply changing the fibre optic cable from one laser to another within a
few minutes.
For many years, fibre guided solid state lasers had the big disadvantage of low focus ability in comparison to CO2
lasers. Simply having a look on the beam parameter product we can clearly see that the wave length is responsible for the
minimal achievable spot diameter and therefore a better focusing on the work piece.
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λ represents the laser wave length, d0 the waist diameter, θ the full divergence angle and M 2 the beam propagation factor.
M 2 characterises the beam quality compared to the fundamental mode TEM00 with a Gaussian field and intensity distribution. Due to the wave length, the CO2 laser has a disadvantage in focus. Conversely, a laser, with a wave length around
1µm can be focused to a spot 1/10th the diameter of the CO2 laser - but M 2 is still to be to considered.
If we are concentrating on the production process the interesting parameter for a fibre guided solid state laser is the
diameter of the processing step-index fibre and their numerical aperture (NA). Decreasing of the fibre diameter while the
NA stays constant is leading to a better BPP.
The influence of the BPP on the working distance was clearly demonstrated by W.O’Neill? within Graphic 1. Thereby,

Figure 1. Performance characteristics for various laser types.?

it is clearly shown that the stand-off distance between the laser and the work piece can be increased while using a laser
with low BPP. This is very advantageous if you consider applications where you like to use scanner technology like remote
welding or remote cutting. As a special solid state laser - having the best BPP in this picture - is the fibre laser.
Regarding this rather new class of high power solid state laser, Tünnermann writes in the introduction to Diode-pumped
solid fiber laser: ”The pursuit of highest power together with highest brightness is efficiently fulfilled by diode-pumped
rare-earth-doped solid state lasers”.?

2. PRINCIPLES OF A FIBER LASER
Fibre lasers have a history dating back 50-years with first real world applications as erbium doped fibre amplifiers in the
telecommunication sector. This technique makes it possible to amplify an optical signal by stimulated emission without
conversation to an electric signal. About 50 optical amplifiers are inserted in a 4000km 10Gb/s communication fibre.?
What are the principal components of a fibre amplifier and a fibre laser? First of all, we need a ”gain medium”.
Therefore, several rare-earth ions can be doped in different host glasses. The most common combination is fused silica
doped by ytterbium, emitting approximately 1µm laser light.? Due to the eye safe wave-length of 2µm thulium doped fibres

Table 1. Singlemode Fiber Laser Parameters after the Processing Fiber?

Nominal Output Power

M2

50 − 100W

< 1.05

200 − 500W

< 1.1

1000W

< 1.15

are also of interest.? Nevertheless, with fibre laser technology emissions wavelengths are conceivable covering a spectral
range from visible to mid-infrared.
The doped fibre core with a refractive index n1 is surrounded by a cladding with a refractive index n2 < n1 . This
arrangement allows wave guiding inside the fibre core by total internal reflection. If the fibre core satisfies the condition
for the dimensionless normalized frequency parameter, only the transversal fundamental mode can be guided through the
fibre.? This function depends on the fibre laser wave-length, the fibre core diameter and the refraction indices of the core
and the surrounded cladding. On this condition, a single mode fibre laser is constructed.
The output power of laser systems is diminished beside other parameters by the pumping power. As pumping sources
laser diodes are coupled into the fibre. An enlargement of the fibre core would enhance the possibilities for pumping but it would decline the brightness of the fibre laser as higher transversal mode propagation is allowed. A solution is
provided by the double-clad fibre concept where the laser fibre is surrounded by an multi-mode pumping fibre. The pump
core must act as cladding for the active core and to transmit the pumping light there must be a cladding surrounding the
pump core. Having a look on the refractive index, it must decrease from the active core to the pump core and then to
the outer cladding. The pumping power is then coupled into the active core over the entire fibre length as pumping light
rays are passing through the active core during their transmission. The fibre profile arrangement is responsible for the
efficiency of the system. A rectangular or D-shaped pumping profile with a centred active laser fibre is to be preferred as
maximum pump radiation crosses the active core during propagation and maximum pumping absorption can be reached.?
Moreover, the surface for the coupling of the diodes and the possibility for pumping is enlarged with the double-clad
concept. Nevertheless, as an upper limit for pumping is given by some non-linear effects as a function of the fibre length.
As pump sources single emitter diodes or diode bars can be chosen. The main factors for the decisions are reliability of
the diodes, the efficiency and the price. The idea of double-clad fibres made the breakthrough for the industrial use of fibre
lasers in manufacturing processes.
The fibre laser amplifier is only transformed to a laser source if a cavity is established. There are several possibilities
like external mirrors or fibre integrated mirrors like Bragg gratings. Bragg gratings have the great advantage that they are
inside the fibre scribed by an excimer laser during production. There is no need for alignment of the resonator, nor a surface
to clean, meaning there are nearly no possibilities for maintenance of the cavity.
Using this fibre laser concept, multi-modal pump radiation delivered from high power diode lasers is converted into
laser radiation with excellent beam quality. So the fibre laser is a perfect beam converter.

3. PROCESSING WITH FIBER LASER
Different fibres are needed for processing with fibre lasers. In the case of a multi mode lasers there is a feeding fibre
to collect the beam output of several active fibres. To protect the feeding fibre from mechanical damage during material
processing this fibre is coupled into the processing fibre. The laser head is connected directly to the processing fibre.

3.1 PROCESS FIBER
The fibre diameter and the numerical aperture of the processing fibre - assuming that the laser beam leaves the cleaved or
polished fibre without additional end cap - is determining the BPP for the process. The size of the fibre core determines
the beam quality. In the multi-mode, kilo watt regime processing fibres with a diameter of 100µm up to 200µm are used,
see Table 2. Informations on single mode fibre lasers to be seen in Table 1.

Table 2. Multimode Fiber Laser Parameters after the Processing Fiber?

Nominal Output Power

BBP

Fiber Core Diameter

1000 − 3000W

< 4mm · mrad

100µm

5000W

< 6mm · mrad

150µm

10000W

< 8mm · mrad

200µm

There are several important factors to be fulfilled when laser radiation is coupled into the processing fibre:? The core
diameter of the process fibre is equal or smaller than the core diameter of the feeding fibre. The NA of the feeding fibre is
less or equal to those of the processing fibre.
Beck et al.? mention the input beam diameter - in the context of the fibre laser the feeding fibre diameter - is smaller
than the core diameter of the processing fibre, the output diameter will be equal to the core diameter, whereas the beam
divergence remains unchanged.
As there are different diameters between feed and process fibre, a back reflection of the laser light from the work piece
is critical as the light cannot be guided 100% from the process fibre into the feeding fibre. These losses are to be absorbed
inside the fibre-fibre connector.
The damage threshold of the fibre depends very much on the fibre end surface preparation. The break down intensity
of quartz surfaces is about 1GW/cm2 .? Therefore fibre connectors of a 600µm Nd:YAG laser and a 100µm fibre laser are
slightly different. The 600µm fibre connector is designed so that the coating of the fibre is removed a certain distance
from the fibre end. The fibre is fixed away from the fibre end, meaning that there is a distance where the fibre is self
supporting. In the case of multi kilowatt, multi-mode fibre laser there is a quartz rod as an end cap merged on the fibre end
to decrease the intensity on the surface of the fibre. The laser beam is spreading in the Rod and leaving the surface at a
greater circumference. The power density at glass air interface is reduced.
Finally, if we are thinking about the process fibres, we have to distinguish between single and multi-mode lasers. In
the case of the multi-mode laser the beam profile has a top hat shape. The single mode laser is spreading in a Gaussian-like
profile. The elevation in the power distribution of Gaussian beams by factor 2 - compared with top hat beams - increases
problems with power density and thermal lensing.?

3.2 PROCESSING HEAD
The laser light leaves the processing fibre at a certain angle and is focussed on the work piece by a laser head. Usually such
a head consists of a collimation unit, - to create a parallel beam - and a focusing unit which focuses the parallel beam with
a certain beam caustic.
The higher focus ability of the fibre laser source - compared to other solid state lasers - can be used to realize a smaller
focus diameter at constant focal lengths, to use smaller optical components or to increase the working distance at constant
focus. A survey of the literature reveals that due to the imperfection of the involved lenses and thermal disequilibrium
inside the optics, the beam parameter product might be larger than expected.?,? Beside some new works dealing with fibre
lasers de Lange et al.? mention that even with 600µm processing fibres there are some irregularities due to dust on the
protection glass and thermal lensing. A 4kW Nd:YAG laser was used within these experiments. The focal positions and
diameters were measured after different turn-on times and different output power of the laser source. The changing of the
focal plane with a laser power of 3kW was determined by 2.5mm towards the laser head. Identifying the focal plane with
”cold” optics can therefore lead to inadequate measures. De Lange remarks that with longer working times, the complete
optics increases the temperature when measured outside the housing, resulting over 15K for heating 5 minutes at 3kW.
Having a closer look at a 1kW single mode fibre laser shows M 2 equal 1.2 when the beam is leaving the fibre. If you
are measuring the focused beam after a certain processing head, M 2 will rise to 3.4.? As the laser power increases, the
focal plane is shifting, M 2 and therewith the focal diameter is rising. This leads to a blown up spot diameter at the surface
of the work piece and to a significant decrease in power density.? That means that the real focal diameter is twice that large
as expected.

There are several issues that need attention before we use a laser head in production engineering. It is well known
that the power density has to be beyond a certain value in order to activate a laser production process. For example, we
need to exceed the melting point of the material in fusion cutting. If the beam diameter on the surface of the work piece is
increasing - and therefore power density drops during the process - the material will not be melted any further and the cut
will not be successful.
So the expectations on an industrial used laser head are:?,?
• preserving a certain beam parameter product
• being robust
• manageable maintenance
• modular and easy assembly
• small - appropriate focus diameter
• large offset of the work piece avoiding sputters on the optics
• lightweight system - lenses with small aperture
• hight transmission - low to no loss of energy.
The collimator is one of the main parts of our focusing head. The beam diameter on the collimation lens depends on
its focal length and on the numerical aperture of the fibre.
dcol = 2 fcol · tan(θ)

(2)

For the transmission of diffraction limited beams, the free aperture of the lens should not be smaller than the double beam
perimeter.? The beam perimeter is a circle around the optical axis including the beam diameter even when the fibre is not
aligned within the optical axis.
Commonly used focal lenses are designed with the same diameter like the collimation lenses and with a focal length in
a range of 100 to 500mm.
The laser head magnification M can be calculated from
M=

f f oc
fcol

(3)

f f oc denotes the focal length of the focal unit, fcol of the collimation unit. The estimated focal diameter is given by
d0 = M · d f =

f f oc
· df
fcol

(4)

d0 is meaning the focal diameter and d f the core diameter of the transport fibre. For Nd:YAG a common magnification is
from 0.5 to 2 using processing fibres within the range from 1000µm to 200µm. In the case of fibre lasers the magnification
is 1 to 5 with processing fibre diameters from 4000µm to 50µm.?
Experimental test results show that the absorption of the laser light inside the optics is responsible for the thermal
focus shift. Meaning the distance focal point optics is changing during processing. It is reported? that after a period of
10 seconds up to one minute a thermal stable situation is reached. Due to the heating, the refraction index of the optical
elements changes. The effect is that there is a radial distribution inside the lenses which is much worse. Even the increasing
of the temperature in the middle of the lens in 3 to 10K is creating a thermal lens effect.? Using a single mode fibre laser
with a Gaussian beam distribution, this effect is more significant compared to a multi mode laser beam with a top head
profile as there is a different thermal load on the lens.
Following effects of the laser light induced focus shift are reported:
• the focus shift depends on the squared magnification?

• the used laser power has an impact on the focus shift (e.g. single mode fibre laser: M = 1, 67: 0.9mm/kW,
M = 3.42: 3.4mm/kW)?
• the focus shift is a temporal process.
For production processes these effects of thermal focus shift have to be carefully observed. Another important influence
coefficient is the rayleigh length.
The rayleigh length is the distance along the propagation
direction of a beam from the waist to the place where the
√
diameter of the focused beam changes by a factor 2.
zr =

r2f
rf
π
=
= M2 · · r f
θf
BPP
λ

(5)

The area of the cross section is doubled within the rayleigh length which is more impotent considering the power density.
It appears that the rayleigh length also has quadratic dependence on the optical magnification.? The focal shift is rising as
well as the rayleigh length with the magnification. These two effects are compensating each other concerning the power
density.
How is it possible to minimize the effects of heating the optical elements? First of all, the best optical materials with
the best coatings should be used. The focus ability of a simple system consisting out of one collimation lens and one
focusing lens is inferior compared to a corrected system with several lenses for the collimation and focusing unit. Björn
Wendel reports about the comparison of a simple and a corrected system using a processing fibre diameter of 100µm, a
NAe f f = 0.11, a magnification of 3.8 with a laser power of 5kW.? As a result, the beam diameter of the simple system
is 0.6mm with a focus shift of 2.7mm and the beam diameter of the corrected system is 0.4mm with a focus shift of
4.4mm. Although the focal shift is considerably larger of the corrected system, the beam diameter never exceed those of
the uncorrected system. Nevertheless, decreasing the number of optical elements results in a decreased focal shift.
During production process it is from crucial importance to avoid dust and dirt on the optics. It is even reported that small
contaminations of the protection glass - not detectable with visible examination - can lead to increased focal diameters and
focal shifts.? Therefore, one should always make periodic measurements to ensure the beam quality.
Following some special ideas concerning fibre laser focus heads are reported:
The use of reflective optics could alleviate some problems as it is possible to cool the optics by means of cooling liquid.
The mirrors need to be manufactured ten times more precise than CO2 Optics.? Klotzbach et al.? build such a head by
using a mirror with hyperbolic geometry followed by an ellipsoid mirror with a focal distance of 600mm. They achieved a
focal spot with d f = 70µm.
A clever idea is to build a combination head for cutting and welding which was realized with a 5kW fibre laser using
a focal length of f = 300mm by Petring.? This gives the opportunity to weld some parts together and intermediately trim
the parts to the final contour in one production step.
Some interesting investigations were conducted concerning laser heads and fibre lasers with the optical feedback barrier
for laser machining of copper.? The task is to prevent the system from back reflection as it would destroy the laser source.
Two setups - one for linear polarized and the other for random polarized light - were built. When the light out of the linear
polarized system is reflected back to the work piece, the process is stabilized leading to a better cutting performance.
Finally, it should also be remarked that the high brilliance makes the fibre laser the first choice for remote welding with
scanner optics.

4. APPLICATIONS
Following two main laser applications, concerning the marketplace - namely laser cutting and laser welding - are to be
illustrated. Magnesium alloy sheet metals (AZ31, thickness of 1.7mm) were first cut apart and welded afterwards again without use of filler wire. The cutting and welding experiments were carried out with a YLR 1500CT from IPG Photonics
with following characteristics: a process fibre core diameter of 100µm, a BPP 4mm · mrad, operation mode cw, polarization
random, nominal output 1.5kW and emission wavelength 1070 to 1080nm. The laser beam was focused with the Precitec
YK52 focusing unit with a collimation and focal length of each 120mm.

Figure 2. IPG YLR 1500CT - Precitec YK52

To compare the influence of the processing fibre core diameter the welding tests were also performed with the lamp
pumped Trumpf/Haas Nd:YAG laser HL3006D with a wavelength of 1, 06µm, a BPP 30mm · mrad, a process fibre with a
core diameter of 600µm. The welding head consists out of a collimation unit and focusing unit with a focal length of each
200mm. So in both cases - processing with the fibre laser and with the Nd:YAG laser - the optical magnification was one.

4.1 CUTTIING
From the literature, the picture of the model laser cutting? and the absorption? of the laser beam as a function of the angle
of incidence are well known. Hence, one can get the impression that in laser cutting the wavelength of the fibre laser does
not have a large advantage compared to the wavelength of CO2 lasers. Most cutting applications are 2D operations. Here,
it is not so complex to guide the laser beam by mirrors therefore one can use CO2 lasers. When considering 3D cutting
applications, it is advantageous to use laser light cables to transport the beam to the cutting head. The cutting kerf and
the minimal focus diameter are limited for laser cuttings by the fact that one must be able to move the cut part out of the
work piece. If the kerf is too small, the cut part is wedged inside the sheet metal board. A further problem - in case of
melt cutting - is that the melt must be driven out of the kerf and may not solidify inside the kerf again. Many systematic
investigations on fibre laser cutting were carried out. For example, with stainless steel it is of several authors?,? stated that
the cutting speed with fibre laser is larger with the same achievement than with the CO2 laser. From this, one can infer that
a less powerful fibre laser compared to a CO2 has the same performance. Unfortunately, the cut quality - in particular the
cutting edge roughness - of the fibre laser cuts is often not as good as expected. First experiments were accomplished with
our fibre laser for cutting the magnesium alloy AZ31.
Due to limitations of the CNC movement system, relatively slow speeds were selected as cutting gas nitrogen was
used. Three different nozzles were available for the cutting head namely 1, 1, 2 and 1.5mm. An optical control of the dross
and the roughness value Ra of the cut edge was used as a quality feature. The Ra values were measured three times in
the centre of the sample. As an example pictures of the kerf and the flange are shown in table 3 for the nozzle diameter
1, 5mm ordered by the focal distance. From the analysis of further screens, the following tendencies for the cutting quality
of AZ31 could be determined:
• A larger distance between nozzle and work piece affects roughness favourably.
• The focal point should be bellow the surface for less dross formation.
• The optimal gas pressure depends to the nozzle diameter. Using the diameter 1mm lower pressure is advantageous,
with 1.5mm either low pressure or rather high pressure resulted in good cuts. Therefore additional tests must be
carried out.
For the parameters of the tests see Table 3.

Table 3. Laser cutting

test

#

003

004

009

010

015

016

017a

018a

019

022

023

pressure

[bar]

9

9

9

9

9

9

9

9

15

20

20

power

[W]

500

500

500

500

500

500

300

400

400

400

400

[mm/s]

27

27

27

27

27

27

27

27

27

22

27

displacement

[mm]

0,3

0,5

0,7

0,9

1,1

1,3

1,1

1,1

1,3

1,3

1,3

focal point

[mm]

-1,2

-1

-0,8

-0,6

-0,4

-0,2

-0,4

-0,4

-0,2

-0,2

1

#

024

026

027

028

029a

030a

031

033

034a

035

velocity

test
pressure

[bar]

15

9

9

9

9

9

20

7

7

7

power

[W]

400

400

400

400

360

320

340

340

340

500

[mm/s]

27

27

27

27

27

27

27

27

27

27

displacement

[mm]

1,3

1,3

1,3

1,3

1,3

1,3

1,3

1,3

1,3

1,3

focal point

[mm]

1

1

1

1

1

1

1

1

2

2

velocity

4.2 WELDING
Many papers were already published for welding of different materials like mild steel, stainless steel, titanium or even
copper? with fibre lasers. Recently, works were also presented whereby the classical approach ”the work piece must be
brought to the machine” are rejected, and mobile laser systems, even hand-held, are on the work shop.? Concepts about
mobile laser systems are promoted in the building of ships? or pipelines.? Here the advantage can be used that fibre lasers
are rather robust due to the lack of adjustable parts and have a small footprint.
A considerable factor is also the big influence of the high beam brilliance on welding. Multi pass welding of thick
sections with fibre lasers have the advantage that the reduced beam divergence makes it possible to weld inside narrow
gap.?
As a fibre laser has a high beam brilliance we have to consider the effects on welding. A weld seam is highly influenced
by the divergence and the focal diameter. Making in deep penetration welding the divergence smaller while the focal
diameter is constant leads to a narrow, deep weld seam.? But for low speeds less 6m/min, heat conduction influences the
weld seam very much. So the aspect ratio changes from deep and narrow - to flat and broad.
Preliminary butt weld experiments were carried out at the Department of Forming and High Power Laser Technology
with AZ31 using a Nd:YAG and a fibre laser (see table 4). The position of the focal point was each on the surface of the
alloy. With very different energy per millimetre for the Nd:YAG and the fibre laser, good welds could be manufactured.
In the case of the Nd:YAG laser 15J per mm was used, in the case of the fibre laser 32J per mm. As a protection gas 20l
Argon per minute was applied normally on the welding direction, and no root protection was used, neither a auxiliary wire.
In both tests the area of the weld seams are equall large although the focal spot diameters are very different. The welding
seam manufactured with the fibre laser is more even than with the Nd:YAG lasers. In both welds seams, pores were hardly
to be recognized. The hardness values of the welds were very even (see table 5) and therefore the weld quality is on a high
level. In additional tests with the fibre laser the reduction of the energy per length resulted in a narrow seam, but a bad
surface quality and additional material was thrown out of the weld seam during processing. The flow conditions inside the
weld seam using the same energy per millimetre might be different in the case of Nd:YAG welding with the focal diameter
of 600µm and with the fibre laser with the focal diameter of 100µm. These results are coresspondig to other investigations
of magnesium welding. Danzer? mentions that High Power Diode Lasers are - from the point of beam quality - sufficient
for welding of magnesium alloy AZ31.
So in these experiments, it was not possible to find parameters where it is advantageous to use a laser with such a high
brilliance like the fibre laser. Further investigation is still necessary.

Table 4. Laser welding of AZ31, 5% alcoholic nitric acid

Nd:YAG Laser
P = 1200W
v = 80mm/sec

Fibre Laser
P = 800W
v = 25mm/sec

d f = 0mm
Ar = 20l/min

d f = 0mm
Ar = 20l/min

Table 5. Laser Welding AZ31 Vickers hardness HV0.5; Indication of the position from the right side of the welding seam.

pos[mm]

-1,3

-1

Fibre

52,4

53,8

Nd:YAG

55,6

-0,9

-0,7

-0,5

54,5
47,3

51.0

-0,4

-0,1

0,1

55.0

50,2

55.0

53.0

0,3

0,4

0,7

54,9
54,2

53,5

0,8

1,1

55,6

53,5
53,5

5. CONCLUSION
The fibre laser as a high power laser is a rather a new concept compared to the classical laser types. It offers many
advantages like less energy consumption compared to Nd:YAG or CO2 lasers types. Due to the high beam quality more
applications are possible with the fibre laser compared to the fibre guided Nd:YAG rod type laser. The ”all in fibre” concept
leads to a very robust laser system with no parts needed to be aligned. 3D processing with the fibre laser is facilitated as
the laser light is brought to the work piece by the means of a fibre cable. In the past this was also possible with Nd:YAG
lasers systems but not with the high beam quality, fibre laser systems offer nowadays. As an advantage of fibre lasers
it is reported that in the case of cutting higher working speeds can be reached compared to CO2 cutting. In the case of
welding the depth of penetration can be increased due to the high beam brilliance. But one has to be careful as there are
some unwanted effects like thermal lensing when processing with high power fibre laser. The edge quality is in the case
of cutting worse compared to CO2 cuts. A focus shift during processing can be observed with different values depending
on switch on time, the laser power and the solenoid of the protection glass. As reviewed in the literature it is necessary to
observe the quality of the laser beam periodically. Especially when using a single mode fibre laser.

#018a
#017a

6 − 10µm

#023

5 − 6µm

#022

#030a

4.5 − 5µm

#026

#016

#015

#024

#028

#027

4 − 4.5µm

#003

2 − 2.5µm
Ra vs d f

(−0.6mm) - (−0.8mm)

Figure 3. Nozzle Diameter 1.5mm AZ31 1.7mm
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