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Abstract

This paper gives the current state of development of laser oxygen and inert gas cutting
from experimental results obtained in an industrial environment for a range of materi-
als. The work considers cutting quality as a function of operating parameters. The key
quality parameters are the cut edge inclination, roughness and dross attachment, while
the kerf width is also studied as an important feature. These parameters are studied as
a function of three operating parameters; cutting speed, laser power and laser wavelength.
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1 Introduction

Laser cutting is now a well established industrial process, used for profiling a wide range
of materials, from Nickel super alloys to carbon re-enforced polymer composites. The
process creates a cut by one of four basic mechanisms or a combination of some of these
four;

a. Fusion cutting, or melt shearing. In this case the laser melts a path through the
material and a high pressure gas jet (usually nitrogen) blows the melt out of the
cut zone. This is the most common laser cutting method - used for cutting a wide
range of metals and thermoplastic polymers.

b. Oxidation cutting. This is commonly used for profiling mild and carbon steels. In
this case the assist gas is low pressure oxygen which has two effects on the cutting
process; i. It adds energy to the cut zone, allowing higher speeds and maximum
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thicknesses and ii. it reduces the viscosity of the melt in the cut zone - allowing
the use of (cheaper) lower pressures in the assist gas and minimising the creation
of dross (residual melt clinging to the underside of the cut edge).

c. Chemical degradation. This is the phenomenon which takes place when cutting
materials which do not melt, such as wood-based products and thermoset plastics.
In this case the material is burned by the laser and the carbon based ash is blown
out of the cut zone by a jet of air.

d. Vaporisation. This is the mechanism by which some polymers are cut - including
polymethyl methacrylate (Perspex) and Polyacetal. In this case the material in the
cut zone is turned to vapour, which is removed from the cut zone by an air jet.

The original workhorse of industrial laser cutting is the CO2 laser and the most commonly
cut materials are steels. At its best, CO2 laser cut quality for steels is comparable to a
good quality milled edge (see Figure 1 and Figure 2). A relative newcomer to the laser
cutting scene is the high brightness fibre or disk laser. These machines can cut thinner
section material considerably faster than the more established CO2 technology, but the
cut edge quality is inferior at thicker sections. In general, it is fair to say that, although
most laser cutting cannot be described as precision engineering, the quality and accuracy
of the cut edge is sufficient for most engineering applications. This point has been proven
by the industrial uptake of the process.

Figure 1: A typical, high quality cut edge produced when cutting stainless steel with
nitrogen assistance (sample thickness; 5mm).

Figure 2: The high quality cut edge of mild steel profiled with a CO2 laser and oxygen.
The upper sample shown here is 3mm thick, the lower sample is 12.5mm thick.

The upper sample shown here is 3mm thick, the lower sample is 12.5mm thick. Al-
though laser cutting has a mature position in industry there is remarkably little objective



information available on the industrial state of the art. This shortfall is being tackled
as part of an EU project called HALO (High Power Adaptable Laser Beams for Ma-
terials Processing). The HALO project is a European Commission Seventh Framwork
Programme with a number of aims including; an investigation into adaptable beam pro-
files, modeling of laser cutting and novel cutting processes, and the project also includes
the development of a state of the art study. This paper presents some preliminary results
of that study together with a discussion of how such a review should be carried out in
order to maximise its usefulness to the industry involved.

2 Optimization of a State of the Art Review of In-

dustrial Laser Cutting

It is important to remember that this is a study of the industrial state of the art and so
samples produced in laboratories only have limited relevance. Samples of laser cuts need
to be made on high quality, up to date machines run by skilled professionals (but not
scientists). The obvious source of such samples is therefore the applications department
of a laser cutting machine manufacturer. In this case we obtained our samples from
Bystronic Switzerland. The samples are being produced in the most industrially relevant
materials (Carbon steel, stainless steel, aluminium, and copper alloys) using high power
CO2 and Fibre laser cutting machines over a range of thicknesses.
For each sample the following data are recorded;

a. Material type and thickness

b. Laser type and power

c. Cutting gas type and pressure

d. Nozzle type and standoff

e. Lens focal length and focal position

f. Cutting speed

Each sample was subjected to the following investigation techniques;

a. Optical photography

b. Scanning electron microscopy

c. Optical microscopy (kerf width and HAZ measurement)

d. Optical surface roughness measurement (Ra and Rz)

These investigation techniques put together a photographic and data record of each sam-
ple. It is important in a state of the art study of this sort that the information is
industrially relevant. It is therefore necessary to identify what relevance any measured
property of the cut has on the possible performance of the cut part. For example;



Cut edge inclination; Any inclination of the cut edge has an effect on the tolerances
which can be applied to laser cut parts. Laser cut edges are not usually exactly perpen-
dicular to the surface of the plate being cut, but the angle of inclination is usually only
slightly more or less than 90 degrees as you can see in the Figure 3.

Figure 3: A typical kerf cross section - showing that the cut edge is not quite
perpendicular to the top face of the sheet. (3mm Aluminium cut by CO2 laser).

However, although the cut edge is often slightly inclined, presenting the data as an
angle of inclination is unhelpful for two reasons; 1. The cut edge cross section of a cut
edge is not a straight line, it is a slight curve. The kerf width might be a maximum at
the top, bottom or middle of the cut profile. 2. Industrial engineers are interested in
tolerances expressed in microns, not angles. For this reason we have taken measurements
of the kerf width at the top, middle and bottom of the kerf and presented the results as
shown in Figure 4.

From the raw data given in Figure 4 we can see that the kerf width is usually largest
at the top of the cut and smallest at the bottom, but is occasionally narrowest in the
middle. If an industrial part was cut, for example a square with four bolt holes in it, the
dimensional tolerances of the part would be determined by the difference between the
maximum and minimum kerf widths (see Figure 5) - and this is the relevant industrial
information - as presented in Figure 6.

If the laser cuts a hole 50mm diameter on the top face of the sheet, its diameter will
be 50mm - 200um (49.8mm) at the bottom face - so the cutting process tolerances are
plus and minus 0.1mm in this case. These tolerances are presented in Figure 6

From an engineering point of view these kerf width tolerances need to be taken into
consideration with all the other tolerances of the cutting process when a part is being
produced.

Kerf width; The kerf width itself is of interest to engineers because it is connected
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Figure 4: Kerf width data for aluminum plate cut with a 6 kW CO2 Laser over a range
of thicknesses from 1mm to 15mm.

Figure 5: The tolerances of any cut object are determined by the difference between the
maximum and minimum kerf width. (a) A kerf cross section; max kerf - min kerf =

300um - 100um = 200um. (b) The dimensions of a typical hole where kerf max - kerf
min = 200um.

to the limit on the size of detail which can be cut.

Heat Affected zone; Heat affected zones can affect the machinability of laser cut parts
as well as their tensile and fatigue strengths.

Dross; Dross is residual melt which remains attached to the underside of the cut edge
after the cutting process is complete. With some laser/materials combinations (eg CO2

laser cutting steels) dross is insignificant. However dross can be a problem when cutting
thicker section steels with Fibre lasers and it generally presents difficulties when cutting
thicker section aluminium. A typical thick section cut in aluminium is presented in Figure
7.

Dross can be a problem from a health and safety (sharp edges), aesthetic (it looks
untidy), and engineering point of view. As far as engineering is concerned it affects fit-up
of parts and prevents parts being stacked on each other without scratching the top surface
of the lower part.
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Figure 6: Kerfmax - kerfmin for the samples presented in Figure 4 (upper dashed line)
and the plus and minus size tolerances related to each kerf (lower solid line).

Figure 7: A typical laser cut edge in thick section (15mm) aluminium alloy cut with a
6kW CO2 laser. Showing the generally high quality surface with some dross attachment

along the lower edge.

Surface roughness; The surface roughness of a cut edge can affect fit up, tolerances,
wear behavior, tensile strength and fatigue life. Two standard measurements of surface
roughness are applied in laser cutting; Ra - which is the average RMS roughness, and
Rz - the maximum peak to trough measurement over the sampled surface. In the past
surface roughness measurements have been carried out in straight line samples a few
millimeters long, but for this present work we are employing optical surface roughness
measuring equipment which samples a chosen area rather than a single line. The results
are presented as a colour coded contour map of the surface like the one shown in Figure
8, which maps approximately one square millimeter from close to the top of the cut edge



shown in Figure 7.

Figure 8: Optical surface roughness measurement. A colour coded contour map of
approximately one square millimeter of an area close to the top of the cut edge

presented in Figure 7.

Maps like the one shown in Figure 8 also give an average Ra roughness measurement
for the surface mapped. Several of these maps can be taken over the surface of a thick
section cut edge to reveal how the surface roughness changes as we move down the cut
edge. The results for a 15mm thick sample - from position 1 (close to the top) to position
5 (close to the bottom) is given in Figure 9.
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Figure 9: Ra roughness measurements showing how the roughness of the cut surface
increases as we move down the cut edge for a 15mm thick sample - from position 1 (close

to the top) to position 5 (close to the bottom). Aluminium alloy cut with CO2 laser.



3 Conclusion

During the next year or so the HALO project will generate a wide ranging, industrially
relevant state of the art study which will be of use to everyone involved in the laser
cutting industry.
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