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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work of
preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which
a technical committee has been established has the right to be represented
on that committee. International organizations, governmental and non-
governmental, in liaison with 1SO, also take part in the work. I1SO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

The main task of technical committees is to prepare International
Standards, but in exceptional circumstances, a technical committee may
propose the publication of a Technical Report of one of the following types:

— Type 1, when the required support cannot be obtained for the
publication of an International Standard, despite repeated efforts;

— Type 2, when the subject is still under technical development or
where, for any other reason, there is the future, but not immediate,
possibility of an agreement on an International Standard;

— Type 3, when a technical committee has collected data of a
different kind from that which is normally published as an
International Standard, for example "state of the art".

Technical reports of Types 1 and 2 are subject to review within three years
of publication to decide whether they can be transformed into International
Standards. Technical reports of Type 3 do not necessarily have to be
reviewed until the data they provide are considered to be no longer valid or
useful.

ISO/TR 11552, which is a Technical Report of Type 2, has been prepared
by Technical Committee I1SO/TC 172, Optics and optical Instruments,
Subcommittee SC 9 Electro-optical systems, in collaboration with the
European Committee for Standardization CEN/TC123 Lasers and laser
related equipment.

This document is being issued in the Technicai Report (Type Z) series of
publications (according to subclause G.3.2.2 of part 1 of the ISO/IEC
Directives) as a "prospective standard for provisional application" in the
field of laser materials processing, because there is an urgent need for
guidance on how standards in this field should be used to meet an
identified need.

This document is not to be regarded as an "International Standard". It is
proposed for provisional application so that information and experiece of its
use in practice may be gathered. Comments on the content of this
document should be sent to the ISO Central Secretariat.

A review of this Technical Report (Type 2) will be carried out not later than
three years after its publication, with the options of extension for another
three years; conversion into an International Standard; or withdrawal.

Annexes A, B, C and D of this Technical Report are for information only.
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Introduction

The objective of this Technical Report is to:

a) increase user awareness of the design and operational parameters
which affect the performance of laser cutting machines;

b) provide a means by which changes in laser performance over a period
of time may be detected and the effectiveness of rectification
procedures assessed;

c) provide a quality assurance tool for use in conjunction with ISO S000.

Because of the enormous variety of materials cut by lasers, and the wide
variation of quality requirements to meet the needs of end users, this
Technical Report does not lay down specific tests and quality levels.
Instead, guidelines are provided to enable the user to define suitable tests.
This Technical Report leaves the design of test pieces to the user.
However, an informative Annex (Annex C) describes suitable one-, two-
and three-dimensional test pieces. Evaluation procedures are based on
ISO 9013.

By following these guidelines, it should be possible to provide a single

sheet Quality Assurance record card for routine workshop use on
production runs. A sample card is illustrated in Annex B.
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Lasers and laser-related equipment — Laser materials-processing
machines — Performance specifications and benchmarks for
cutting of metals

1 Scope

This Technical Report provides a comprehensive set of measurements, measurement techniques, tools and

common terminology to characterize the performance attributes of laser cutting machines applied to the cutting of
metals.

The measurement techniques and tools can also be used for recording the characteristics of laser cutting machines
and/or tracking the performance of the laser cutting machine over a period of time.

This Technical Report is applicable to both general-purpose and dedicated laser machines.

This report contains no absolute performance criteria nor requirements. This report is therefore not applicable to
competitive comparison between one manufacturer's laser machines and another's.

2 Normative references

The following standards contain provisions which, through reference in the text, constitute provisions of this
Technical Report. At the time of publication, the editions indicated were valid. All standards are subject to revision,
and perties to agreements based on this Technical Report are encouraged to investigate the possibility of applying
the most recent editions of the standards indicated below. Members of the IEC and ISO maintain registers of
currently valid International Standards.

1ISO 9013:1992 Welding and allied processes — Quality classification and dimensional tolerances of
thermally cut (oxygen/fuel gas flame) surfaces.

ISO 11145:1994 Optics and optical instruments — Lasers and laser-related equipment — Vocabulary and
symbols.

4 e o § Y
)

) Optics and opiical instruments — Lasers and iaser-related equipment — Test methiods for
laser beam parameters: Beam widths, divergence angle and beam propagation factor.

1EN/N 4 a2 am
IOV 11140—

3 Definitions

drag

angular deviation, behind the direction of cut, of striations visible on the cut surface from the direction of incidence of
the laser beam

1) To be published.
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3.2
dross
unwanted solidified material, including resolidified metal droplets at the beam exit surface of the cut

3.3
full cut

cut performed over the whole length of the specimen

3.4
heat-affected-zone width
maximum distance, measured normal to the cut edge, between the cut and points where changes in characteristics

by the heat of cutting can be noted

NOTE The heat-affected-zone width is expressed in millimetres or micrometres.

3.5
interrupted cut
cut performed along only a part of the length of the specimen

3.6
kerf width
width of the cut as measured between sound metal on either side of the point of entry of the laser beam into the

workpiece.

NOTE The kerf width is expressed in millimetres.

3.7
oxidation level

mavimiim thinknae
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NOTE The oxidation level is expressed in micrometres.

3.8
profile
locus of a cut, measured in one, two or three dimensions, as viewed along the laser beam direction

NOTE Profile accuracy is a measure of the deviation between the desired and the attained profiles and includes systematic
and random variations.

3.9

recast lavel

maximum thickness of resolidified metal forming a uniform surface or film at the cut edge, measured normal to the
cut surface

NOTE The recast level is expressed in micrometres.

4 Machine and process parameters

4.1 General

The performance of laser ¢ itting is dependent upon a large number of parameters. This Technical Report provides

L L = N ST ey e 8 TSI, VIS

a framework and consistent tanguage for these parameters such that measurements of cutting pertormance are
comparative, both between systems and/or on the same system over time. Obviously, parameters are different for
various types or brands of laser devices.

Many of the parameters (such as cavity geometry or gas flow) used to characterize a given device or system are
fixed, by design or by factory setting. These are termed "system-invariable" in this Technical Report. Other
parameters, such as electrical current adjustment or optical characteristics, can be set for a given function by an
operator. These parameters are referred to as "variable" or "controllable” parameters. Within these major groupings
or parameter types, there are those which must be held consistent from test to test, those which should be
measured each test (including those which might be measured, but held proprietary by the use of code or other
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means), and those which, though they might be varied or not, make no difference to the consistency of result for
this Technical Report. Table 1 provides a category to each type of parameter applicable to establishing a
"benchmark” test protocol for laser cutting (see Annex A):

Table 1 — Categorization of system parameters

Category Description
0 Parameters which cannot be varied (system-invariable)
1 Parameters to be kept constant at a known value at each test
2 Parameters to be logged at each test
3 Parameters which are unknown or proprietary (confidential) but will be kept constant at each test as far
as possible
4 Parameters which are not controllable within the scope of this Technical Report
5 Parameters which are not pertinent to achieving benchmark results in this case

Annex A contains a listing of laser system parameters applicable to benchmark controlled testing. Each parameter
is listed with its possible acceptable categories (see Table 1). For example: "Maximum pulse repetition rate (Hz)"
may be classed as a "system invariable”, a “parameter to be logged at each test" or it may be irrelevant to the test
(e.g. the laser will only operate continuous wave).

Although some 150 parameters are listed in Annex A, it is not envisaged that each of these be evaluated
individually. The list should, however, be reviewed, and the classification and/or value adopted for each parameter
noted, whenever a new test is being established.

The format in Annex B provides but one example of the type of checklist which may be constructed to use this
Technical Report. Checklists need not reproduce Annex B, but shall be constructed as appropriate to laser style,
use etc. Each user of this Technical Report shall provide his own protocol and checklist which gives the individual
operator guidance on which parameters are required to be adjusted, held constant, and/or tabulated for each
respective test. The user may perform this by resolving those parameters from the listing of Annex A which are
appropriate to his laser system or installation.

First, items in category 4 or 5 may be eliminated from the list. Secondly, items in category 0 or 1 should be identified
and listed; test check sheets need refer only to a code number allocated to a particular combination of categories 0
and 1. Each check sheet should then contain a list of codes for category 3 parameters, and a list of logged values

for category 2 parameters. The sheet should also contain a code to |dnnhf\l the combination of parameters classed

Ivaie RISV v PR LVLT = N AT S LIRSS TNe

as 0 or 1, unless this combination is invariable. There should be a series title to identify the overall test (see 4.2
below and Annex B).

4.2 Specification of benchmark test
4.2.1 General

A benchmark test specification stipulates for each parameter allocated to category 0, 1, 2 or 3: either
a) avalue, if the parameter is allocated to 0, 1 or 2, or

b) an identifier code, if the parameter is allocated to category 3.

Parameters allocated to category 4 or 5 need not be recorded.

4.2.2.1 Specification of sample

The samples shall be specified by the user, provided they are of uniform thickness, at least 100 mm long, and meet
the requirements of 4.2.2.2.
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4.2.2.2 Cutting specification

One full cut and one interrupted cut shall be carried out. The interrupted cut shall be 55 mm + 5 mm long. The cuts
shall be performed at a distance of at least ten times the material thickness from the edge of the sample.

4.2.3 Benchmark test for two-dimensional cutting
4.2.3.1 Specification of sample

Samples may be designed by the user to suit local requirements Suitable test samples are defined in Annex C, in

A N N T PRt T PN P 1l arA Af tha Aimmancinnae o hAam Eimtira 1 chnawe an

which case Sal’l’lpleb shouid be of uniform uuu\ucaa, llcu, and of the dimensions shown. | igure .7 SNOWS an
example of a test cut. The size of the test sample can be increased, if required, but the dimensions should remain
generally in the proportions indicated.

For repeating patterns, the radii of circles and the base dimension of tooth patterns should be in approximate
geometrical progression.

4.2.3.2 Cutting specification for materials up to 20 mm thick

Figure C.2 shows a suggested cut for thicker materials. The size of the test sample may be increased if required,
but the dimensions should remain generally in the proportions indicated.

Figure C.3 shows an alternative test cut incorporating smaller detail. The size of the test sample is adjusted in
proportion to the material thickness.

4.2.3.3 Test locations

Three samples should be cut in three different locations to test consistency over the machine's specified cutting
area.

4.2.4 Benchmark test for three-dimensional cutting
4.2.4.1 Specification of sample
Two samples are specified:

a) a curved sample with a radius of curvature not greater than 1 m. If samples are tubular sections, then tests
shall be carried out with different orientations of the tube axis. Details of material, thickness and radius of
curvature shaii be determined by the user;

determined by the user.

Ly a hallmss o1tha Aar anaca
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4.2.4.2 Cutting specification and test positions

4.2.4.2.1 Curved sample

The cut should be performed in at least three places chosen to test consistency over the full cutting area.
4.2.4.2.2 Hollow cube

a) Four cuts shall be performed on the top face of the cube, one for each position of the off-set wrist shown in

Cimiira 1
1 |su|u L

b) Two cuts shall be performed on each of the four vertical faces of the cube, one for each of the positions shown
in Figure 2.
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