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A Breakthrough for Fiber Lasers

Tunable beam quality enables optimized cutting of thin and thick metal

Dahv A. V. Kliner and Brian Victor

The sheet metal cutting market is dominated by fiber lasers because of their

unmatched combination of productivity, precision, and cost-effectiveness.

Fiber lasers in the 2 - 4 kW range have become the workhorses for many

fabrication shops, offering faster and more precise cutting of thin metal than
legacy cutting technologies, such as CO, lasers and plasma torches. Many
fiber laser systems are, however, designed for cutting a limited range of
metal thicknesses. Specifically, a small, tightly focused laser beam provides
the fastest cutting speeds for thin gauges, but for thicker plates this small
beam has significant limitations in edge quality and maximum thickness.

Alternatively, a larger beam can improve the edge quality for thick plate
because of the wider kerf, but with a substantial speed penalty for cutting

thin sheet.

Large fabrication shops may purchase
multiple fiber laser tools, where each
toolis dedicated to cutting a particular
thickness range: a small-beam system
for light gauges and a larger-beam sys-
tem for thicker plates. Smaller fabri-
cation shops that rely on one tool to
cut the full range of metals will have
lower productivity if they are limited

to one spot size, especially if they have
adiverse job mix. These shops typically
change the focusinglens in the cutting
head to better optimize the laser spot
size for a given job. Each change of the
lens causes productivity losses when the
laser is not cutting, and it risks con-
tamination of the lens and the cutting
head, which can result in catastrophic
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failure and significant repair costs and
downtime.

The ability to automatically tune the
laser spot size would greatly extend the
applicability, productivity, and process
window of fiber lasers. Most existing
approaches entail motorized free-space
optics. Examples include zoom cutting
heads, fiber-to-fiber or free-space-
to-fiber couplers that vary the launch
conditions into the fiber, or fiber-to-
fiber switches with two to four outputs
coupled to independent process fibers.
Such free-space optical approaches
entail significant cost and complexity
and can degrade tool performance and
reliability. They are sensitive to mis-
alignment, contamination, and envi-
ronmental conditions (temperature,
vibration), introduce power dependence
(thermallensing) and optical loss, and /
or have slow switching speed. Zoom cut-
ting heads, which incorporate a motor-
ized lens within the head, arelarger and
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Most compact 5 kW fiber laser in the laser industry can be
equipped with the new Corona technology from nLight.
Different beam profiles, diameters, and power distributions
are possible thanks to the “all in fiber”-design and can be
changed at full power on the fly to your process. (Source all
images: nLight / Optoprim)
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Fig. 1 Beam diameters for a 4 kW
Corona fiber laser with six Index settings.
The bottom images show the corre-
sponding near-field spatial profiles (i.e.,
the beam shapes near the focus below
the cutting head) recorded with a CMOS
camera. Beam parameter product values
are given below the beam images.

heavier than standard cutting heads,
resulting in reduced acceleration and
imposing additional design require-
ments on the gantry and motors. Tool
designers resorting to these approaches
are required to pass along the cost, per-
formance, and reliability burden to their
customers (the end users).

Thelack of tunability of the spot size
from existing laser sources thus forces
tool integrators and fabrication shops
to choose between flexibility in the job
mix and tool performance and reliabil-
ity. This compromise drives up costsand
leaves productivity on the table.

Fiber laser breakthrough
nLight has developed a novel, all-fiber
technology, “Corona”, that enables
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rapid tuning of the fiber laser spot
size directly from the feeding fiber
over a range of more than 3x without
any of the drawbacks of free-space
approaches. In addition, Corona fiber
lasers provide beam shapes that have
shown improved cutting quality for
various metals, including flat-top and
annular (“donut”) beams. Corona fiber
lasers at the 4 kW power level have
delivered greatly improved perfor-
mance over conventional fiber lasers
for sheet metal cutting of mild steel,
stainless steel, aluminum, and copper,
for mild steel thicknesses up to 25 mm,
enabling the development of “univer-
sal” tools for optimized cutting of a
wide range of metal thicknesses.

The Corona fiber laser output beamis
continuously tunable between ~100 and
~300 um. To facilitate process optimiza-
tion, a fixed number of settings (“Index”
values) are provided. For example, Fig. 1
shows the output beam diameters, BPP
values, and beam shapes of a Corona
fiber laser with six Index settings.

As is evident in the beam images
showninFig. 1,thefeedingfiberisdivided
into zones that guide the laser beam.
Many different Corona fiber designs are
possible to address a wide range of appli-
cations. In the design shown in Fig. 1, the
feeding fiber consists of a 100 um central
core surrounded by two annular guid-
ing regions with diameters of 200 um
and 300 pm. The beam diameter and
beam shape are tuned by varying the
partitioning of the laser power among
these three guiding regions. The critical
and unprecedented feature of Corona
is that this tuning of the beam shape is
accomplished all within fiber and with
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no free-space optics, thereby maintain-
ingall of the performance, stability, effi-
ciency, and reliability advantages of fiber
lasers. The full laser power is available
at each Index setting.

An additional advantage of Corona
is that beam tuning is very rapid, with
a transition time from the smallest to
the largest diameter of less than 30 ms.
The fiber laser continues to operate at
full power during an Index change, with
no need to turn off (or “blank”) the laser
while changing the beam shape. Coro-
na’s rapid tuning enables use of the opti-
mum beam characteristics for each step
of the cutting process, not just for cut-
ting of different materials or thicknesses.
For example, different Index settings can
be used during the piercing sequence
versus cutting or during straight cutting
versus cornering.

Corona metal cutting
performance

The general metal cutting market,
including laser cutting, is dominated
by thick mild steel (MS) plates. The
Corona fiber laser offers unique benefits
in edge quality and maximum thickness
for thick MS cutting compared to other
laser systems. Fig. 2 shows photographs
of MS cut with both a standard 4 kW
fiber laser with a 100 um feeding fiber
and a 4 kW Corona. A fixed-optic cut-
ting head with 1.5x magnification was
used for all tests, and the assist gas was
oxygen. The optimum Corona beam
shape is shown for each case, and the
cutting speed and measured surface
roughness are presented in the graph.
Key observations are:
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Fig. 2 Comparison of oxygen-assisted cutting of mild steel using a standard 4 kW fiber laser with a 100 um feeding fiber and a 4 kW
Corona fiber laser. The left graph shows the cutting speed, and the right graph shows the measured edge roughness values. Photo-
graphs showing the edge quality are presented above the graphs, with beam images included next to each photo.

B For the thinnest sample (6.6 mm),
the optimum Corona beam diam-
eter is 100 um. The cutting speed [ ]
and edge quality are similar for
the two fiber lasers, as expected
because the lasers have similar spot
size and BPP at this setting.
B For thicker samples, the Corona
fiber laser provides significantly
better edge quality, with the rough- m
ness reduced by up to 3x. The

Company

optimum beam diameter here is
>100 pum for these samples.

The maximum thickness that
provides consistent drop perfor-
mance is 19 mm for the standard
fiber laser. The Corona fiber laser
substantially extends the range to
25.4 mm thickness with outstand-
ing edge quality.

The roughness of parts cut with
the Corona fiber laser has a much

Optoprim Germany

The Optoprim Group is key partner for nLight in Europe and has established itself
as one of the main players in the European laser & photonics market. As a suppli-
er and distributor of well-selected laser components of global leading manufac-
turers, Optoprim offers solutions at any integration level. The Optoprim Group,
based in Germany, France, and Italy, has in-house technical know-how and a

diverse product range to support all levels of

technical requests. Customers can

be supported with single components or even complete sub-solutions e.g. with
laser, process optic, process control, laser safety, and suitable chillers included.

All our products or solutions can be tested in

the Optoprim application lab.

www.optoprim.de

Meet us at Photonics West
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lower dependence on thickness
than parts cut with the standard
fiber laser. The measured rough-
ness of 25.4 mm MS cut with
Corona is even less than that of
12.4 mm MS cut with the standard
fiber laser. This high edge qual-
ity reduces or eliminates the need
for costly and time-consuming
post-processing steps.

B The cutting speed of the Corona
fiber laser is the same or slightly
faster (~5 %) than that of the stan-
dard fiber laser.

Fig. 3 shows close-up photographs of

25.4 mm MS cut with a standard fiber

laser and the Corona. Slag on the metal

cut with the standard fiber laser prevents
the part from dropping consistently
from the skeleton, whereas the sample
cut with the Corona exhibits consis-
tent drop performance. This dramatic
improvement is essential to enable fac-
tory automation and “lights out” oper-
ation, which are key emerging trends
in the drive to reduce manufacturing
costs. In addition to reduced roughness,
the better edge straightness and perpen-
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Fig. 3 Oxygen-assisted cutting
results of 25.4 mm mild steel

with a standard 4 kW fiber laser
(on top) and a 4 kW Corona fiber
laser (below). The dramatically
better edge quality provided by
Corona is evident. Specifically,
with the Corona, the roughness is
3x lower, the edge is significantly
straighter, and the perpendiculari-
ty is greatly improved. The Corona
provides consistent drop perfor-
mance, whereas the conventional
fiber laser does not because of
slag on the bottom edge of the
part and a concave edge shape.
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dicularity seen in Fig. 3 are critical for
applications such as welding.

It is important to note that the
edge-quality and thickness-range ben-
efits provided by the Corona fiber laser
do not entail a speed penalty (Fig. 2),
and the cutting tool employed a stan-
dard, fixed-optics cutting head. This “no
compromises” performance is unattain-
able with any other technology and is
derived from the unique, all-fiber design
of Corona.

To demonstrate the stability of the
cutting process using the Corona fiber
laser, we produced challenging shapes
with small features. Fig. 4 shows a
25.4 mm MS part with a very narrow

web (2.8 mm wide). Even on this nar-
row feature, the edge roughness and
perpendicularity are excellent, with
no evidence of burn-through on the
opposite side. The tunable beam size
and shape of the Corona fiber laser
enables consistent production of such
narrow, high-aspect-ratio features, as
well as small holes and precise corners
on thick MS plate.

We have also explored nitrogen-as-
sisted cutting of mild steel, stainless
steel, aluminum, and copper using a
4 kW Corona fiber laser. In most cases,
the smallest Index setting provides the
best performance, with cutting speeds
and edge qualities similar to a standard

plate with a 4 kW Corona fiber laser. The narrow web section is 2.8 mm wide and
25.4 mm thick.
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4 kW fiber laser. This result is expected
because Index 0 provides the highest
power density on the work piece. For
nitrogen cutting of some of the thicker
materials, however, higher Index set-
tings provide better edge quality for
some applications with a penalty in
speed because of the lower power den-
sity. In these cases, the optimum Index
setting is application-specific, and
Coronaallows the tool integrator or end
user to tailor the edge characteristics to
the application.

Industry-leading reliability

All nLight fiber lasers include robust,
hardware-based protection against
back-reflections from the work piece,
enabling uninterrupted processing of
highly reflective materials. The device
retains this high back-reflection toler-
ance, and these fiber lasers have been
used for cutting and welding of copper
and other reflective materials.

We have characterized the Corona
lifetime in accelerated life tests. One
specimen was cycled through its Index
settings with a 100 ms dwell at each set-
ting, and the beam diameter was mea-
sured periodically to look for drift or
degradation of the performance. Over
13.4 million Index changes, the beam
diameter for all Index settings stayed
within 4 %, with no systematic changes
or drift. Corona fiber lasers thus offer
the long lifetime and maintenance-free
operation characteristic of high-perfor-
mance fiber lasers.

nLight fiber lasers were designed
for rapid field service, even in factory
environments. In addition, tool inte-
grators can be trained to diagnose and
service the lasers, ensuring maximum
tool uptime. The fiber lasers presented
here retain these serviceability advan-
tages, enabling further differentiation
of Corona-based tools.

Conclusions

The Corona fiber laser represents a

major advance over standard fiber

lasers and over previous technologies
for providing tunable beam quality. Key
advantages include:

B The innovative, all-fiber design
eliminates all the performance and
reliability drawbacks associated
with free-space optics.

B They eliminate the need for exter-
nal fiber-to-fiber couplers and
switches, motorized optics, or
zoom process heads.

© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



B Switching is very fast (less than
30 ms), and the laser can remain
operating at full power while
changing the beam shape.

No maintenance or calibration is
required, even after millions of
Index changes, retaining the long
lifetime of the fiber laser.

Their addition does not increase
the power consumption, reduce

Authors

the efficiency, or increase the size,

weight, or installation require-

ments of the fiber laser.
The described fiber laser platform
has wide generality. It is applicable to
many other beam sizes, shapes, and
divergences and to other laser power
levels.

Their tunable beam quality now
enables development of “universal” tools
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for optimized cutting of a wide range of
metals and thicknesses. The job shop or
factory is no longer forced into a choice
of compromised performance, procure-
ment of multiple tools, and / or use of
complex, expensive, and fragile free-
space optical technologies.
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