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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 ISO 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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

lectrotechnical standardization

The procedures used to develop this document and those intended for its further maintengnce are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded for the
different types of ISO documents should be noted. This document was drafted in acdordance yith the
gditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document-may be the siybject of
patent rights. ISO shall not be held responsible for identifying any or all such*patent rights. Details of
dny patent rights identified during the development of the document will®e in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents),

Any trade name used in this document is information given for the_.¢onvenience of users and dloes not
donstitute an endorsement.

For an explanation of the voluntary nature of standards,)the meaning of ISO specific tefms and
gxpressions related to conformity assessment, as well as information about ISO's adherence to
the World Trade Organization (WTO) principles ,in\the Technical Barriers to Trade (TBT), see
ywww.iso.org/iso/foreword.html.

This document was prepared by ISO/TC 261, Additive manufacturing, in cooperation with ASTM
(ommittee F42, Additive Manufacturing Technologies, on the basis of a partnership agreement hetween
[SO and ASTM International with the aim-to create a common set of ISO/ASTM standards on [Additive
manufacturing, and in collaboration with.the European Committee for Standardization (CEN) Technical
Committee CEN/TC 438, Additive manufacturing, in accordance with the Agreement on technical
dooperation between [SO and CEN'(Vienna Agreement).

This second edition cancels and replaces the first edition (ISO/ASTM 52902:2019), which hfas been
lechnically revised.

The main changes are-as.follows:

+ addition of atestartefact for testing the performance of the Z-axis in an AM system.

— changeddimensions in text and in drawing (see Figure 3) of medium circular artefact suchjthat the
description in the text matches the dimensions in the downloadable STEP file; Figure 3 wagalso re-
drawnto better depict the circular artefact geometry.

=

Any feedback or questions on this document should be directed to the user’s national standardq body. A
¢omplete listing of these bodies can be found at www.iso.org/members.html.
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Additive manufacturing — Test artefacts — Geometric

capability assessment of additive manufacturing systems

1 Scope

'his document covers the general description of benchmarking test piece geometries, i.e(7a
long with quantitative and qualitative measurements to be taken on the benchmarking test.pi
ssess the performance of additive manufacturing (AM) systems.

(oS W o' W |

This performance assessment can serve the following two purposes:
-+ AM system capability evaluation;
-+ AM system calibration.

'he benchmarking test piece(s) is (are) primarily used to quantitatively assess the gd
erformance of an AM system. This document describes a suité-of test geometries, each d
0 investigate one or more specific performance metrics and several example configura

neasured but does not dictate specific measurement methods. Various user applications can
arious grades of performance. This document discusses examples of feature configurat
vell as measurement uncertainty requirements, to_deémonstrate low- and high-grade exan
nd performance. This document does not discuss-a specific procedure or machine sett
hanufacturing a test piece.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
donstitutes requirements of this_document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including any amendments)

ISO/ASTM 52900, Additive miahufacturing — General principles — Fundamentals and vocabulary
ASME B46.1, Surface Texture (Surface Roughness, Waviness and Lay)

3 Terms anddefinitions
For the purpeses of this document, the terms and definitions given in ISO/ASTM 52900 apply.

[SO andIEC maintain terminological databases for use in standardization at the following addr

y
!
i
these geometries into test build(s). It prescribes quantities and’qualities of the test geometries to be
1
\
\
F:
1

tefacts,
bce(s) to

ometric
esigned
tions of

require
ions, as
hination
ngs for

content
ies. For
applies.

gsses:

-+CAISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

4 Significance and use

4.1 General

Measurements and observations described in this document are used to assess the performance of an
AM system with a given system set-up and process parameters, in combination with a specific feedstock

material.

© ISO/ASTM International 2023 - All rights reserved
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The primary characterization of the AM system obtained by applying this document is via geometric
accuracy, surface finish, and minimum feature sizes of the benchmarking test piece(s).

4.2 Comparing results from one machine

The test piece(s) can be built and measured for example when the new machine is installed. The test
piece(s) can be used to periodically evaluate the performance or diagnose a fault in one AM system, for
example, after system maintenance or as specified by the requirements of a quality system.

Th t - H () Haad—i £loa rS i lad L. | < rs 43 £ il £
e eS. PIC\,C\D) ULOSLITUCTU TIT UIITS LUOU ITITLITUU UAdITl UU USstTU do d UllIlvIistll duivll Ul LalJClUlllLlCD IUT

contracf between a buyer and seller of AM parts or AM systems.

Data fr¢m the measurements described in this document can be used to gauge the impact 0f new
process|parameters or material on the AM system performance.

—

Certain|test geometries can be included with every build on a particular AM system to.help establisl
perfornjance traceability. Depending on the needs of the user, not all test artefacts neled to be built, ang
individdal test artefacts can be built separately if required.

5 General principles for producing test artefacts

5.1 General

1°2]

This clduse outlines principles applicable for producing all of the test artefact geometries in thi
documejnt. Reporting requirements are previewed in connection with the production steps in thi
clause, put more details about recording and reporting can’ be found with the individual artefac
descriptions given in Clause 7.

t 7

5.2 Neged to use feedstock conforming to a - material specification

In order] to ensure repeatable results, the use efa quality feedstock material is needed. Clear definitio}
of the mjaterial specification is important. Often a standard specification is preferred, but specification
do not need to be limited to standards and\can be defined by the user. A feedstock material specificatio}
should e selected or required by the user and the feedstock used for test artefact trials should matcl
said spgcification. For example, the Specification can include the particulate properties (particle size
size distribution, morphology) for)powder feedstock, bulk properties (such as flow) and chemicq
propertjes (such as chemical composition and level of contamination). Although the details of th
material] specification shall(npt be disclosed (unless otherwise agreed between buyer and seller]
it shoulfd be documented-by the producer and reported with a unique alphanumeric designation a
specified by ASTM F297113:2021, Annex Al, element “B”. For powder-based processes, the materia
specificption should/spécifically address limitations of powder re-use and percent of virgin/re-use
powder.

U — ~ — et UT

— — 7] <

5.3 Nped to-undertake artefact building according to a documented process
specification

The processing of the material in the AM system should be undertaken according to a documented
process specification/manufacturing plan, as specified by ASTM F2971-13:2021, Annex A1, element “C”.
This can be a proprietary internal standard or external standard (subject to buyer/seller negotiations),
but the producer should document the exact values of user-specifiable settings and conditions
surrounding the building of parts. For example, it should document the layer thickness, build strategies
(e.g. scan path, tool path, and/or scan parameters), temperatures, etc. used during the build. This
process should be consistent for all test artefacts produced within one build. These recommendations
can be different for each use, so the parameters in the process specification should be agreed between
the buyer and seller.

2 © ISO/ASTM International 2023 - All rights reserved
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5.4 File formats and preparation

The file formats used and steps of the digital file preparation including slice parameters should be
included in the process specification. Care shall be taken during the creation and transfer of data files
to avoid degradation of the model. Any discrepancy between these affects the outcome of tests on
the artefacts and for this reason, good practice for the control of the file formats and preparation is
discussed here.

5.5 Download files

The 3D digital models for standard test artefact geometries can be downloaded in *.step fgrmat at
https://standards.iso.org/iso/52902/ed-2/en. For a complete list of available files, please.sée’Annex D.

5.6 Discussion of file conversion

(Vhen a CAD model is converted to AMF, STL, or any intermediate file format, sufficient fideljty shall
e maintained to ensure that the test artefact produced from it fairly reflects the capabilitigs of the
AM system under assessment. The file conversion tolerance selected shotid ensure that the mpximum
leviation of the data from the nominal CAD model is less than one quatter and ideally less than one
enth of the expected accuracy of the AM system being assessed. Curréntly, most additive manufacturing
quipment cannot produce features with a resolution better than-10 um, therefore CAD mo(els are
aved to STL/AMF ensuring at least a 2,5 pm accuracy or better. This is only general guidance and
hould be confirmed for the specific output system. It is recommended that users check the maximum
leviation and record the conversion parameters used, as,well as any maximum deviation (chord height
nd angular tolerance).

Q) o A (A D o+ S N =~

iles should not be scaled up or down either dusing conversion or afterward. Machine cofrection
actors (e.g. offsets, axis scaling, etc.) may be uséd and should be documented as part of the|process
pecification.

A=

5.7 AMF preferred (with conversion instructions/ resolutions)

The AMF file format as specified by ISO/ASTM 52915 is the preferred model format for test [artefact
geometry representation due to(its*ability to store high fidelity geometry with embedded units in an
intermediate file format, and for its ability to accurately orient an array of parts within a single AMF
file.

5.8 Need for test Specification and test process

This document fornis the basis for the general Test Plan/Specification described in ASTM F2971-13:2021,
Annex A1, element “D”, but specifics about its implementation need recording to accurately document
tlhe test progess (element “E” in Annex A1), used for producing the parts as discussed in Clause [/.

5.9 | Quantity of test artefacts

lof.a complete test of machine performance, at least two things dictate the quantity of the test artefacts
produced. First, the test specification/test process shall ensure a quantity of samples, typically no
less than five per build, so that statistically significant measurements can be made. Second, sufficient
coverage (see 5.13) of the build platform needs to be made to account for variations in performance
between build locations. Repeated builds can also be completed to test the repeatability of the process.
Fewer test artefacts with less complete coverage may be used for spot checks or limited demonstrations,
such as the example detailed in Annex A. The number of artefacts shall be agreed upon between the
buyer and seller and shall permit to perform at least 5 measurements.

© ISO/ASTM International 2023 - All rights reserved 3
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5.10 Position and orientation of test artefacts

As per ASTM F2971-13:2021, Annex A1, element “F”, it is recommended to report results in combination
with the test artefacts’ build position and orientations according to the convention set forth in
ISO 17295.

5.11 Considerations for orientation

Since these test artefacts are intended to reveal the strengths and weaknesses of additive building
technigyres: . . . et R : . q
and plage them in positions or orient them at angles that minimize the risk that this leads to an outrig
failure of the features/parts/artefacts in the rest of the build. For example, in a powder bed pfoceéss
it can b¢ advisable to position parts that are more likely to fail at a higher level in the overall'build t
reduce the risk that failed parts or sections of parts impinge on other components in the build or th
AM madhine mechanism.

U & <

5.12 Labelling

It can bg useful to add labels to parts to identify respective artefact orientations and positions in th
build. Labelling is summarized in 7.5.

9%

5.13 Coverage

It is imfportant that test artefacts be made with sufficient cpverage of the build volume to get
represeptative data for where real parts are made. Coverage evaluates variability throughout the
build vdlume. This is good practice for all AM processes and’is especially critical for processes that
have a [“sweet spot” (for example, some galvanometri¢slaser beam steering systems give morg
repeataple results in the centre of the platform). The artefact distribution should span at least 80 %
of the machine’s build platform area, with the intentthat the artefacts are built at different locationp
based oh the applications of the user and where components will be built on the machine in productior].
For madhines with large build platform areas, aytefacts could be placed at the outer ends of the build
platform area and at the centre of the build platform area to provide some coverage of the entire build
area. If [build location effects are known.er deemed irrelevant for the trial being performed, then a
single bpild location may be selected and.ised, as agreed between buyer and seller.

Long aitefacts, which reach acress:the extents of the build volume, can be necessary to detedt
corrections that are not linear or are periodic in nature.

5.14 Arrays

Geometly should notbe’scaled to accommodate different sizes of build volumes (since this affects th
measurement outputs) but can be patterned in an array to give larger coverage areas. See an example i}
Figure 2. Scaling of'artefact geometry to accommodate shrinkage, such as in applications using binde
jetting AM, should be clearly documented by users.

e Y

5.15 Partcaonsolidation

When arrays of parts are needed for better coverage, it can be most practical to build a single combined
partinstead of trying to build arrays of adjacent individual parts. This can be achieved by consolidating
adjacent AMF or STL files prior to slicing and other file preparation steps. Arrays of parts can be
accurately positioned relative to each other in a single AMF file by use the “constellation” element.

As AM most commonly is a layered process (in Z-direction) and often based on pixels (in X/Y-direction),
the exact position of the part in the build can affect the test significantly. This is especially true of
artefacts testing machine resolution. A minor translation of the part can influence rounding off issues
influencing whether a specific layer or pixel will build or not. This can be caused during preparation of
the slice file and during orienting the slice file into the working area in the machine. Results should be

4 © ISO/ASTM International 2023 - All rights reserved
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reported in combination with the test artefacts’ build orientations according to the convention set forth
in ISO 17295.

With certain AM processes (especially with metals), heat build-up from processing large cross-sectional

areas near the test artefacts can affect their geometrical accuracy. Therefore, it is advised that the
manufacturer ensure compliance with specified distances between parts.

5.16 Supports and post processing

1ALL. alal s L 14 L i dad s Laiclk-d £ pa | ££, £ 3 wa th
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intended measurement should be employed. Supporting strategy, including, but not limited torhaterial,

geometry, removal technique, etc., shall be fully documented in the process specification.

IData reported from this document shall be in the as-built condition prior to any surface.or downstream
processing. In the case of unavoidable post-processing undertaken prior to measuremient (e.g. rejnoval of
necessary support material), details of the process shall be reported as part of thepfocess specification.
The reporting should include a description of any used abrasive media and<how it was applied to the
durface of the artefacts. In addition, data after additional post-processing.treatments (such [as sand
Blasting of metal parts for example) may be obtained but only if clearly-neted and presented fogether
With as-built measurements. In the case of sinter-based processes, users shall report the condlition of
the part used for testing, such as stating “measurements were takémon the sintered body witH scaling
S

pplied to account for shrinkage,
caling applied.”

measurements were taken‘on' the green body with (or without)

6 General principles for measuring artefacts

6.1 General

This clause outlines principles applicable for mgasuring all the test artefact geometries in this document.
The specific measurements are specified in‘Clause 7 describing the individual artefact geometrfes. This
document does not prescribe any specific measurement methods; the measurements described below
dan be accomplished by a variety of techniques and devices (e.g. coordinate measuring maching, optical
dcanner, dial indicators with calibrated motion devices, surface profilometers, etc.). [ISO/ASTM 52927
dan be used to improve communication between stakeholders concerning test methods. R¢porting
lequirements are previewed.in connection with the measurement steps in this clause but mor¢ details
dbout recording and reporiting can be found in Annexes B and C.

6.2 Measure parfs-as built

The test artefact,should be allowed to cool to room temperature and then measured directly after it
is removed from the system used to build it, before any post-processing is performed. The yser can
lequire that'parts be held at a set temperature and humidity prior to measurement. If the pprts are
huilt by.a.powder bed-based process, the parts should be completely separated from the surrpunding
powderbefore measurement. If the parts are built on a build platform, first perform the measufements
Without removing the part from the platform. (Removal from a build platform can affect the shapes of
thc al thCl\,tO, thCl be iuflucu\,ius thC I Coulto. If IIICadsul ClllCllt ;D llUt lJUDDib}C UlIl thC ylatfu1 111, t iS Shall
be explicitly stated in the report.) If post-processing is desired, report all details of each post-processing
step and measure the part before and after each post-processing steps (reporting all measurement
results).

6.3 Measurement strategy

Measurement strategy affects the overall measurement uncertainty; this is true for dimensional
measurements and surface measurements alike. Measurement strategy, here, involves the device
chosen to perform the measurement along with the number of points selected to represent the feature
or surface and the distribution of points along the feature or surface. For roughness measurements,
the measurement strategy includes any applied filters (e.g. the cut-off length). Measurement strategy

© ISO/ASTM International 2023 - All rights reserved 5
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is a complicated subject and is often very specific to the part or feature being measured. As such,
there is no general “good practice” for performing these measurements. However, some tips are
provided in Annexes B and C. The measurement uncertainty is ultimately the important concept, and,
with consideration given to the available measurement devices, using a measurement strategy that
minimizes the measurement uncertainty within any given constraints should be the primary focus.

6.4 Measurement uncertainty

The sta

ndard uncertainty of each measurement should be reported along with the measurement.

Guidand
— ASN
— ASN

— JCG
tot

— ISO

Users s
process

Measur
accepta

7 Ar{

71 G
Eight ty

different aspect of a system'’s performance or ¢apability.

€ Oon determining measurement uncertainty can be found 1n the 101loWINng reterences.
(E B89.7.3.2 for uncertainty in dimensional measurements;
1E B46.1 for surface texture measurements;

M 100 and JCGM 101 for measurement uncertainty in general (commonly referred-toras the Guid
he expression of uncertainty in measurement, or GUM);

w

IEC Guide 98-1 and related documents.

hould document any calibration and/or quality maintenance system for the measuremenit
bs and equipment used. Measurement device and resolution shall'bédisclosed in the report.

bment system analysis (MSA) and Gage Repeatability and, Reéproducibility (R&R) are als
ble approaches to perform measurement uncertainty evaldation. See ASTM E2782.

=

efact geometries

bneral

pes of artefacts are described in the following subclauses. Each artefact is intended to test a

7.2 Agcuracy

7.2.1 [Linear artefact

7.2.1.1| Purpose

This artefact tests the.lifear positioning accuracy along a specific machine direction. Depending on
artefactjorientation and‘machine configuration, errors in the artefact can provide a basis for positioning
compenfsation or diagnosing specific error motions in the system’s positioning system.

7.2.1.2| Geonietry

Figure | depicts the geometry of the linear artefact. The artefact comprises prismatic protrusion

atop a rectangular solid base. A bounding box for the entire feature is 55 mm x 5 mm x 8 mm. The
end protrusions are 2,5 mm x 5 mm x 5 mm. The central protrusions are 5 mm cubes. Spacing of the
protrusions increases along the length of the artefact from 5 mm to 7,5 mm, 10 mm, and 12,5 mm.

© ISO/ASTM International 2023 - All rights reserved


https://standardsiso.com/api/?name=8aeca521ba7693d9281f38d25d7e577b

ISO/ASTM 52902:2

Dimensions in mi
Lﬁ_ n tn wn
o o v K<
A IR A e

023(E)

llimetres

o] IIIIIIII

Figure 1 — Engineering drawing of linear test artefacts

If a longer test of linear accuracy is desired, multiple linear artefacts canbe appended to one

y
the central protrusions will all be 5 mm cubes. Figure 2 shows an éxample. If this option is chg
3.15.

Figure 2 £ ;Two linear accuracy test artefacts appended to each other

IIf a shorter test oflin€ar accuracy is required, the geometry of an alternative test artefact shall b
ypon by the buyer’and seller and shall follow similar design principles to the part shown in H
The alternative-artefact should have non-equally spaced features and should test both protrus
gaps (i.e.distances with material in between features and distances with space in between feaf

7.2A4.3 Measurement

hnother.

'he 2,5 mm length of the end protrusions means that when two or moxe'linear artefacts are appended,

sen, see

b agreed
igure 1.
ons and
ures).

"TTe primary mMeasurement for the Hmear artefact 1S the position of the cube faces Terativ

to the

primary datum at the end of the artefact (see Figure 1). Alternatively, the lengths of each protrusion
can be measured and the spacing between each protrusion can be measured. Optional measurements
available are the straightness of the base along the length of the artefact, parallelism of each side of the

base along the length of the artefact and the heights of each protrusion.

7.2.1.4 Considerations

Default orientations for a thorough overview of linear accuracy should include at least one test

artefact aligned parallel to each axis (X, Y, and Z) in the machine coordinate system. When this
orthogonal orientation notation should be used to document the orientation as per ISO 17

is done,
295. An

alternative can be to align one linear artefact with the motion of one of the machine’s positioning axes

© ISO/ASTM International 2023 - All rights reserved
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(for example the X-axis slide in a gantry system). This alternative orientation can better link errors in
the part with error motions in the positioning system.

Orientations that can cause collision or damage from a wiper or recoating blade should be avoided.

It is often desirable to test linear accuracy through the extent of the machine’s positioning capabilities.
Users should consider positioning linear artefacts through the middle of the build area as well as near
the ends of travel.

In the case of a vertically oriented linear artefact, the use of support structures should be avoided if
possibld. If support structures are necessary (for example beneath the protrusions), the support strateg
(includipg geometry, material, and removal technique) shall be fully documented. Care should be takei
to select a support strategy that minimizes the adverse impact on the measuring process/accuracy
In caseg where a face of a protrusion falls in between planned layer heights, the user is encourage
to inspdct the slice file to learn how the system will handle these cases (e.g. will the system plan t
over-bujld the part by ending the geometry on the layer above, or under-build the part by ending th
geometty on the layer below). This information can be included in the report to helprexplain expecte
differences between measured artefact geometry and design geometry. Note thattheZ-axis artefact i
likely prreferred for testing linear positioning accuracy along the machine Z-axis direction (see 7.2.3).

Vi = (U U = w Y = N

7.2.2 [Circular artefact

7.2.2.1| Purpose

These aftefacts are intended to test the dynamic accuracy for the"projection of the activation energy
(for example a laser-, or an electron beam) or the method of\jeining material (for example in binde
jetting)lonto the build surface in the AM machine.

=

The basjc configuration of these artefacts is created to be able to separate the influence of the material
from exfernal sources of error that can be present in;the AM machine.

7.2.2.2| Geometry

7.2.2.2.l Basic geometry

Figure 3 depicts the basic geometry. of the circular accuracy test artefact. The artefact comprises tw
concentfic rings that are closely spaced.

=

The confcentric rings are built ¢entred on a thin circular plate.

The innermost ring is ad-optional construction.

7.2.2.2.2 Base

The widths of the bases shall have an internal diameter of 20,0 mm for the coarse artefact, 10,0 mm
for the medium and 5,0 mm for the fine and an external diameter of 100,0 mm for the coarse artefact,
50,0 mnp for the medium and 25,0 mm for the fine. The height of the base shall be respectively 12,0 mn,
6,0 mm and 3,0 mm.

An orientation feature shall be placed at one quadrant of the base cylinder and consist of two flat planes
perpendicular to the top plane extending from the centre of the base cylinder, tangential to the external
diameter and intersecting outside the cylinder.

7.2.2.2.3 Outer rings

The outer rings have an external diameter of 94,0 mm for the coarse artefact, 47,0 mm for the medium
and 23,5 mm for the fine and an internal diameter of 60,0 mm for the coarse artefact, 30,0 mm for the
medium and 15,0 mm for the fine. The heights of the rings are respectively 40,0 mm, 20,0 mm and
10,0 mm above the top surface of the base.

8 © ISO/ASTM International 2023 - All rights reserved
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The inner rings have an external diameter of 32,0 mm for the coarse artefact, 15,0 mm for the medium
and 8,0 mm for the fine and an internal diameter of 28,0 mm for the coarse artefact, 14,0 mm for the
medium and 7,0 mm for the fine. The heights of the rings are respectively 40,0 mm, 20,0 mm, 10,0 mm

above the top surface of the base.

7.2.2.3 Measurement

M ity o caae aan aaat £ +h focot +l d loeite) ofelb o i o

he-primarymeasurementfor-thisartefactisthe reundness{eirentarityof- the ringfacesAlter
tlhe sizes of the diameters of each inner and outer ring can be measured at multiple (minjmi
Ipcations, reporting maximum inscribed circle and minimum circumscribed circle @iam
decond alternative is to measure the wall thickness of each ring at multiple (minimum five) Id
(ptional measurements of this artefact include the concentricity of each face of each(ring as we
dylindricity of each face of each ring.

71.2.2.4 Considerations for producing test artefacts

Build position and orientation: multiple rings in build volume should be €oiisidered. The artefac
be oriented to allow isolation of two machine motion axes (i.e. referemnce surface D should be
orthogonal to XY, YZ, or ZX plane).

The use of supports should not be required if the part is built with reference surface D parallel t
plane. The base should be a solid structure and substrate toyproperly anchor the rings to the
ds necessary artefact.

Users should consider if their system is capable of preducing the wall thickness of the option
1ling to prevent failure of the feature.

7.2.2.5 Reporting

The reporting on the circular artefact shiall contain at least the following information in additid
theasured values:

+ number of concentric circles;
+ nomenclature of the cirgles as identified on the plate;
+ position on plate;

+ circle identification (inner to outer).

natively,
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Dimensions in millimetres
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Figure 3— Engineering drawing of circular artefact
7.2.3 [Z-axis artefact
7.2.3.1| Purpose
These artefacts test the linear positioning accuracy along the machine Z-axis direction. This is like
the linealir accuracy artefact but should not require any support structures to characterize a machine’s

Z-axis positioning performance.

Depending on artefact orientation and machine configuration, errors in the artefact can provide a basis
for positioning compensation or diagnosing specific error motions in the Z-axis positioning system.

7.2.3.2 Geometry

Figure 4 depicts the geometry of the medium Z-axis artefact. The artefact comprises a reciprocating
staircase atop a rectangular solid base. This standard provides three reciprocating staircase artefacts:
a small artefact with 9 (3 x 3) steps, a medium artefact with 16 (4 x 4) steps, and a large artefact with
36 (6 x 6) steps.
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Dimensions in millimetres
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Table 1 — List of step heights in the Z-axis test artefacts
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Figure 4=—~Engineering drawing of medium Z-axis test artefact
Heights between steps/are not constant. The steps’ heights are chosen such that it is unlikely that all
teps’ heights willbe'multiples of the layer thickness. Table 1 lists the step heights in the small, nedium,

Step # | Small artefact | Medium artefact | Large artefact
1 2,500 mm 3,000 mm 3,500 mm
2 6,250 mm 7,500 mm 8,750 mm
3 11,875 mm 14,250 mm 16,625 mm
4 17,500 mm 24,375 mm 24,500 mm
5 21,250 mm 34,500 mm 29,750 mm
6 23,750 mm 41,250 mm 33,250 mm
7 26,250 mm 45,750 mm 36,750 mm
8 30,000 mm 48,750 mm 42,000 mm
9 35,625 mm 51,750 mm 49,875 mm
10 56,250 mm 57,750 mm

© ISO/ASTM International 2023 - All rights reserved
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Table 1 (continued)

Step # | Small artefact | Medium artefact | Large artefact
11 63,000 mm 63,000 mm
12 73,125 mm 66,500 mm
13 83,250 mm 70,000 mm
14 90,000 mm 75,250 mm
15 94,500 mm 83,125 mm
16 97,500 mm 91,000 mm
17 96,250 mm
18 99,750 mm
19 103,250 mm
20 108,500 mm
21 116,375 mm
22 124,250 mm
23 129,500 mm
24 133,000:mm
25 136,500 mm
26 141,750 mm
27 149,625 mm
28 157,500 mm
29 162,750 mm
30 166,250 mm
31 169,750 mm
32 175,000 mm
33 182,875 mm
34 190,750 mm
35 196,000 mm
36 199,500 mm

Measurement

'ter test of linear accuracy-is required, the geometry of an alternative test artefact should b
ipon by the buyer and Seller, and shall follow design principles similar to the part shown ij
. The alternativeCartefact should have non-equally spaced features and should test nont
s of layer thickn€ss (i.e., steps located between individual layer heights).

mary fieasurement for the Z-axis artefact is the positions of the step faces relative to the toj
ectangular base (datum surface C in Figure 4). Determination of distances between individug
dlfowed and can allow for additional analysis in conjunction with the primary measurement.

9%

—

—

Optional measurements include form (e.g. flatness) of the vertical surfaces of the artefact.

7.2.3.4

Orientations that can cause collision or damage from a wiper or recoating blade should be avoided.

Considerations

Users should consider positioning Z-axis artefacts through the middle of the build area as well as near
the outer edges of the build platform.

In cases where a step height falls in between planned layer heights, the user should inspect the slice
file to learn how the system will handle these cases (e.g. will the system plan to over-build the part by
ending the geometry on the layer above, or under-build the part by ending the geometry on the layer

12
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below). This information should be included in the report to help explain expected differences between

measured artefact geometry and design geometry.

If it is necessary to establish a measurement coordinate system to accomplish the measurement

procedure (such as in a CMM), the user should use datum surfaces marked in Figure 4, with the
precedence being the A, B, and C datum surfaces respectively.

7.3 Resolution

order of

7.3.1 Resolution pins

7.3.1.1 Purpose

'hese artefacts are intended to assess the ability of the machine/material used ta_accurately
ine features at various aspect ratios that are representative of features that¢can be presen

roduced on the system being examined. The measured diameters of the produced pins gi
information about the accuracy of the system.

7.3.1.2 Geometry

ome additive manufacturing processes have a better capability to produce fine features,
elected resolution pins artefact should provide appropriate‘sizes to test the system of interg
Jlocument provides three sets of 5-pin features at four different aspect ratios. The 5-pin featu
oarse, medium and fine options. The coarse pins rahge in diameter from 4,0 mm down to
4,0 mm, 3,0 mm, 2,0 mm, 1,0 mm and 0,5 mm). The medium pins range in diameter from 0,5 m
0 0,1 mm (0,5 mm, 0,4 mm, 0,3 mm, 0,2 mm and.0;¥mm). The fine pins range in diameter from|
Jlown to 0,025 mm (0,2 mm, 0,15 mm, 0,1 mm,; 0;05 mm and 0,025 mm). Each of these featur
vailable at 4:1, 6:1, 8:1 and 10:1 length to diameter ratios. Figure 5 depicts the geometry of the
ins at 6:1 ratio.

oo \n oo

—_ o) o

NN O

co—— W

A S Y N
_%._.7.{._._//_._.71._._/_. B

§
f
yorld parts. The finest pin that can be produced can inform a user about théefinest detail that can be
!
i

produce
L in real

ye some

and the
st. This
es have
0,5 mm
m down
0,2 mm
e sets is
medium

Dimensions in millimetres

25
1,5

LN LN
r~ o~
~— ~

12,5

Figure 5 — Engineering drawing of medium resolution pins feature at 6:1 length to diameter

ratio

7.3.1.3 Measurement

The primary measurement for the resolution pins features is the diameters of the pins. The medium
and fine pins are spaced at 5,0 mm to allow access by an optical microscope objective or by hand-held

© ISO/ASTM International 2023 - All rights reserved
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measuring equipment (e.g. micrometres or callipers). Optional measurements for the resolution pins
are the heights of the pins as well as the cylindricity.

7.3.1.4 Considerations

It is not intended for the user to build all resolution features available. The user should have an
estimated resolution achievable by the system being examined and select the one feature set that spans
that estimated resolution. Further, the user can elect to not build that feature set at all aspect ratios.
However, it should be noted that in certain systems (e.g. metal PBF systems), the minimum diameter
attainapptecambedifferentatdifferentaspectTatios.

If the edtimated resolution achievable by the system is greater than the largest resolution pin featdr
set, oth¢r standard artefacts can be used to estimate the minimum feature attainable (e.g. the 2,5 mn
and 5,0 mm protrusions on the linear artefact).

9%

—

The mirfimum pin that can be produced can depend on the build direction, especially when anisotropi
processgs are examined (e.g. certain AM technologies can provide better resolution in X< and Y-directio}
than in [the Z-direction). As such, this test artefact should be built in different orientations in the AN
process| for example with the pins parallel to the machine Z-direction and with-the pins parallel to th
maching X-direction. It is recommended that users identify and report any specific reasons for selectin
specific|orientations (for example if an orientation is selected as a particular challenge to the system o
as a bes}-case scenario).

Lo SV A= B 0P A= o

—

If selectled properly, some pins in the feature will be built successfully by the system while others wil
fail. Potgntial pin failure should be considered when positioningthe sample within the build volume t
avoid adversely affecting the build process for the remaining pins.

=

If measfirement of such fine features is not readily available, the user should report which pins arg
present| which pins are absent and which pins are defornied or partially formed on the completed build.
This obgervation still provides information on the reselution of the system. If all pins are present, but
several pppear to be of the same diameter, the pinsithat are similar in diameter should be identified angl
reportefl.

The posjitions of the pins on the feature can@llow measurement of diameter in only one direction whej
using hand-held measuring equipment.(If,this is the only measurement option available, the user cai
consider making Z-direction pins in _two different orientations: with the pins parallel to the machin
Z-direcflion and the base aligned_te\the machine Z-direction (ZX), and with the pins parallel to th
maching Z-direction and the base\aligned to the machine Y-direction (ZY).

U (U ed d

7.3.2 [Resolution holes

7.3.2.1| Purpose

These drtefacts<ape intended to assess the minimum internal cylindrical feature size attainable at
various|aspectiratios. The smallest diameter hole that can be produced can inform a user about the
finest detail that can be produced on the system being examined. The measured diameters of the
producgd-holes give some information about the accuracy of the system.

1%

In addition to assessing the ability to form the holes, this features also provides a useful indication of
the ability to remove unsolidified material from within small holes.

7.3.2.2 Geometry

Some additive manufacturing processes have better capability to produce fine features than others and
the selected test feature should provide appropriate sizes to test the system of interest. This document
provides three sets of 5-hole features. The 5-hole features have coarse, medium and fine options. The
coarse holes range in diameter from 4,0 mm down to 0,5 mm (4,0 mm, 3,0 mm, 2,0 mm, 1,0 mm and
0,5 mm). The medium holes range in diameter from 0,5 mm down to 0,1 mm (0,5 mm, 0,4 mm, 0,3 mm,
0,2 mm and 0,1 mm). The fine holes range in diameter from 0,2 mm down to 0,025 mm (0,2 mm,
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0,15 mm, 0,1 mm, 0,05 mm and 0,025 mm). Height of the partis 2,5 mm and the holes are through holes.
Figure 6 depicts the geometry of the medium holes.

Dimensions in millimetres
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Figure 6 — Engineering drawing of medium reselution holes feature

7.3.2.3 Measurement

'he primary measurement for the resolution holes features is the diameters of the holes. The holes
re spaced at 5,0 mm in an attempt to allow access-by an optical microscope objective or by hand-held
heasuring equipment (e.g. pin gauges). Optionakrmeasurements for the resolution holes are the depths,
oundness (circularity) and cylindricity of the hioles.

L S . S o B W |

1.3.2.4 Considerations

It is not intended for the user to build all minimum feature sizes available. The user should jhave an
dstimated resolution achievable by the system being examined and select the one feature set that spans
that estimated resolution.

If blind holes rather than(through holes are desired, the user can easily modify the geometrjy file to
nclude a solid flat plate‘beneath the artefact geometry. If this option is chosen, see 5.14 and j.15. For
owder bed-based processes, powder removal from small holes can be a significant challenge.

i

!

The minimum he}éthat can be produced can depend on the build direction, especially when anisotropic
processes areexamined. As such, this test artefact should be built in different orientations inf the AM
process, foriexample with the holes parallel to the machine Z-direction and with the holes pafrallel to
tfhe machine X-direction. Non-orthogonal orientations are also permissible, and users should ¢onsider
tthe impact of stair stepping and layer thickness on hole formation.

If 'selected properly, some holes in the feature will be built successfully by the system whil¢ others
will fail. Failed holes will likely still have some surface geometry but will be solid (i.e. filled) below the
surface. As such, care shall be taken to examine the feature beyond surface inspection (e.g. by probing
with a gauge pin or by other non-destructive evaluation techniques).

If measurement of such fine features is not readily available, the user should report which holes
appear properly built, which holes are absent and which holes appear filled on the completed build.
This observation still provides information on the resolution of the system. If all holes are present, but
several appear to be of the same diameter, the holes that are similar in diameter should be identified
and reported.

The holes can be checked with gauge pins for a “go/no-go” assessment (i.e. a pin of certain diameter can
fit into the hole — go — while another pin of slightly larger diameter cannot fit into the hole — no-go). If
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this measurement method is chosen, specific guidance in Annex C is strongly recommended. The benefit
of this method is that the presence of unwanted material within the hole can be assessed as well as the
approximate depth of the hole. The drawback of this method is that it only gives a range of diameters
(between the “go” and “no-go” diameters), not an actual hole diameter with known measurement
uncertainty. Further, it is likely that the holes are not perfectly round, and therefore this measurement
only gives the maximum inscribed diameter. If the entire depth of the hole is not realized, the user
should measure and report the depth of the hole (if possible). The primary feature sets match common
metric pin gauge sets. Alternative feature sets matching English pin gauge sets are also available. An
AM system’s capabilities can exceed the limitations of pin gauges (i.e. the smallest hole achievable can
be smalfertiramrthesmmattest gauge pim dVdild‘UlE).

7.3.3 [Resolution rib

7.3.3.1| Purpose

These aftefacts are intended to assess the minimum wall thickness attainable by the AM system. Th
thinnest rib that can be produced can inform a user about the finest detail that can.be produced on th
system |being examined, especially regarding thin-walled structures. The measured thickness of th
producegd rib gives some information about the accuracy and resolution of the system.

U (U (U

7.3.3.2| Geometry

Some agditive manufacturing processes have better capability~te produce fine features, and the
selected test feature should provide appropriate sizes to test thevsystem of interest. This documenit
providep three sets of 6-rib features. The 6-rib features have coarse, medium, and fine options. The
coarse 1libs have wall thickness from 6,0 mm down to 1,0 mm(6,0 mm, 5,0 mm, 4,0 mm, 3,0 mm, 2,0 mm
and 1,0 [mm). The medium width of the ribs is from 1 mmdown to 0,1 mm (1,0 mm, 0,8 mm, 0,6 mn,
0,4 mm] 0,2 mm and 0,1 mm). The fine width of the slots is from 0,1 mm down to 0,01 mm (0,1 mm
0,08 mm, 0,06 mm, 0,04 mm, 0,02 and 0,01 mm). These features are available at two different wal
heights,{10,0 mm tall walls and 20,0 mm tall walls.

<

—
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Figure 7 — Engineering drawing of medium resolution ribs feature

Each rib on each feature is supported along one side of the vertical surface by a larger pillar (see
Figure 7). This pillar is intended to help identify the location of a rib that cannot build properly and to
help prevent damage to the rib by any recoating process. The supporting pillar on the coarse radius
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rib feature has a different geometry (see Figure 8). The geometry in the plane parallel with the base
comprises three connecting radii or arcs. This allows a user to test the ability of the AM system to meet
a profile tolerance.

Dimensions in millimetres
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Figure 8 — Engineering drawing of coarse radius resolution ribs feature

e

7.3.3.3 Measurement
'he primary measurement for the resolution rib features is the thickness (width) of the fib. The
hickness of the rib should be'measured at several locations along the length and height. Methods of

heasurement include, but.are not limited to, hand-held callipers or micrometres, calibrated optical
hicroscope and CMM (coerdinate measuring machine).

e S B . B |

(ptional measurements available on this artefact are the length and height of each rib, the strajghtness
both laterally and-Vertically) or flatness of each face of the ribs, or a profile measurement of the|support
pillar on the ¢oarse features.

7.3.3.4->Considerations

have an
ht spans

is. nmot intended for the user to build all resolution features available. The user should

that estimated resolution.

If the test artefact is too large to fit within a machine’s build volume, the artefact may be modified by
the user, subject to agreement between buyer and seller, to build fewer ribs on one base.

The minimum rib that can be produced can depend on the build direction, especially when anisotropic
processes are examined. As such, this test artefact should be built in different orientations in the AM
process, for example with the length of the ribs parallel to the machine X-direction and with the ribs
parallel to the machine Y-direction. It is not intended that the artefact be built with the length of the
ribs parallel to the Z-direction due to limitations of some processes to building unsupported thin walls.
The orientation of this artefact relative to the direction of motion of any wiper or recoating system
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should be considered, as bending or breaking of ribs oriented perpendicular to the wiping or recoating

directio

If select

n can be more likely.

ed properly, some ribs in the feature will be built successfully by the system while others will

fail. This failure should be considered when positioning the sample within the build volume.

If measurement of such fine features is not readily available, the user should identify and report which

ribs are

present, which ribs are absent and which ribs are partially formed or damaged (length and

height values on partially formed or damaged ribs can be helpful). This observation still provides

informa

tion on the resolution of the system. If all ribs are present, but several appear to be of the same

width, t

The six
7.3.4

7.3.4.1

These a
featured
can be j

information about the accuracy of the system.

7.3.4.2

Some a
selected
provide
coarse
1,0 mm]
0,8 mm

0,01 mm (0,1 mm, 0,08 mm, 0,06 mm, 0,04 mm;,'0,02 mm and 0,01 mm). Each is available with two wal

heights,
5mm a
spacing
and 1,0

he ribs that are similar in width should be identified and reported.

pillars on each feature are available to test the consistency of the profile creation.
Resolution slot

Purpose

rtefacts are intended to assess the minimum slot feature size or the minimum spacing between
attainable. The finest slot that can be produced can inform a user about the finest detail thalt
roduced on the system being examined. The measured width of the produced slot gives somg

Geometry

dditive manufacturing processes have better capability to produce fine features, and the
test feature should provide appropriate sizes to_test the system of interest. This documenit
5 three sets of 6-slots features. The 6-slots featureshave coarse, medium, and fine options. Th
vidth of the slot is from 6,0 mm down to 1,0 mm (6,0 mm, 5,0 mm, 4,0 mm, 3,0 mm, 2,0 mm an
. The medium width of the slots, shown in Eigure 9, is from 1,0 mm down to 0,1 mm (1,0 mmn]
0,6 mm, 0,4 mm, 0,2 mm and 0,1 mm).Fhe fine width of the slots is from 0,1 mm down t

==

The fine artefact options are 5 mm-and 10 mm wall heights. The medium artefact options ar
nd 10 mm wall heights. The coarse artefact options are 10 mm and 20 mm wall heights. Th
between two slots is constant: 5,0 mm for the coarse artefact, 2,0 mm for the medium artefac
Imm for the fine artefact.
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Figure 9 — Engineering drawing of medium resolution slots feature with 10,0 mm high walls
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The slots are defined by the space between two arms to protrude from a solid structure connecting all
of the arms. The top surface of this connector is parallel to the base of the feature.

On the resolution slotted angle features, the arms each have a different inclination relative to the top
surface of the connector (see Figure 10). In addition to testing slot width, this artefact allows a user to
test the ability of the AM system to meet an angularity tolerance by measuring the inclination angle of
each arm and comparing to the specified angle. The arms are each at a different inclination, allowing a
user to check for deviation in angularity.

Dimensions in millimetres

10

Figure 10 — Engineering drawing of the coarse resolution slots angle feature

7.3.4.3 Measurement

The primary measurement for the resolution slots features is the width of the slot. The slots ar¢ spaced
4t 2 mm in an,attempt to allow the user to easily find the intended position of each slot in the case
that one or s€veral slots are not successfully built. The width of the slot should be measured af several
Ipcations ,along the slot length. Methods of measurement include, but are not limited to, callibrated
optical mieroscope and feeler gauges.

(ptienal measurements available on this artefact are the length of each slot, the straightness aIIong the
length of each face making up the slots and the parallelism of each face making up the slot.

Additionally, a user can measure the angle formed between the top surface of the connecting structure
(labelled A in Figure 10) and the inclined surface of the arm. In performing this measurement, the
primary datum surface, labelled A in Figure 10, should be established using multiple points and the
surface of each arm, the measurand, should also be established using multiple points.

7.3.4.4 Considerations
It is not intended for the user to build all resolution features available. The user should have an

estimated resolution achievable by the system being examined and select the one feature set that spans
that estimated resolution.
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If the estimated resolution achievable by the system is greater than the largest resolution slot feature
set, other standard artefacts can be used to estimate the minimum feature attainable (e.g. the space
between the 2,5 mm and 5,0 mm protrusions on the linear artefact).

The minimum slot that can be produced can depend on the build direction, especially when anisotropic
processes are examined. As such, this test artefact should be built in different orientations in the
AM process, for example with the slots oriented in the ZX plane and the length of the slots parallel
to the X-direction or with the slots oriented in the YZ plane and the length of the slots parallel to the
Y-direction.

If selectied properly, some slots in the feature will be built successfully by the system while others will
fail. Thip failure should be considered when positioning the sample within the build volume.

If measyirement of such fine features is not readily available, the user should report whiclislots ar
present| which slots are absent or appear filled on the completed build (length and heightvalues o
partially formed or damaged ribs can be helpful). This observation still provides information on th
resolutipn of the system. If all slots are present, but several appear to be of the same width, the slot
that are|similar in width should be identified and reported.

Vi = U

The build direction of the slots on the feature allows measurement of width’in only one direction.
As such] the user can consider making Z-direction slots in two different drientations: with the slot
parallel{to the machine Z-direction and the base aligned to the machine X-direction (Z2X), and with th
slots parallel to the machine Z-direction and the base aligned to the machine Y-direction (ZY).

2]

9%

7.4 Surface texture

7.4.1 |Purpose

This artefact tests the texture of surfaces produced by an AM system. It enables measurements t
be taken applying a one-dimensional (profile) measurement method and a two-dimensional (areal
measureément method.

=

=5

The laypred nature of the manufacturing process can leave a stepped geometry on the surface o
components. However, in addition to the'stepped geometry, several other contributing factors t
the surfface texture have been found, stich as powder particle size (when the feedstock is a powder],
extruder diameter (when using material extrusion processes), gravity, heat dissipation, focus spot
(when gn energy beam is used) and machine process parameters. These factors cause the surfacg
texture|of components made hy additive manufacturing to vary over the surface of the component,
depending on the local slope/of the surface relative to the build direction of the layers. For this reason,
the surfpce texture artefactincludes multiple surfaces with different local slope values.

=4

7.4.2 |Geometry

Figure 11 depicts the geometry of the surface texture test artefact. This artefact comprises flat tab
joined with struts. The multiple protruding surfaces allow the surface texture at different surface slope
to be me¢astred. The surface slope angles are 0°, 15°, 30°, 45°, 60°, 75° and 90° with respect to the buil
platform. The tabs can be measured on both sides. The tabs can be separated by breaking the struts, tp
allow them to be laid flat and measured. The struts facilitate handling of the artefact during removal
from the build chamber. There is no reason why the tabs cannot be built individually, although they can
require more supports. Each tab has the surface slope value imprinted on it to help identification once
they are separated from each other. The tab dimensions are 6,0 mm x 15,0 mm x 0,4 mm for the fine,
12,0 mm x 30,0 mm x 3,0 mm for the medium and 24,0 mm x 60,0 mm x 6,0 mm for the coarse artefact,
which is sufficient for a 5,0 mm x 8,0 mm areal measurement or a 12,5 mm profile measurement on
each tab.

—— 7] J]
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Dimensions in millimetres
a
1 2
& — :
:? °7L§ ] TS %
L‘L., 1 4]
90
Key
1 strip (3 mm x 12 mm x 30 mm)
4  one of the six off connection structs
a  Thickness of the strip.
Figure 11 — CAD models of‘surface texture artefact
It is recommended that all samples be built, butfewer may be built if agreed upon by buyer and|seller.
7.4.3 Measurement
The texture of the surface can be measured by tactile or optical method, taking a profile measyirement
or an areal measurement. In addition to the actual surface texture measurement results, the|method
Used, and measurement parameters should be recorded.
If profile measurements-are chosen, they should be taken in a direction perpendicular to the lay of
the texture, i.e. along the/length of each sample. The direction of measurement does not ne¢d to be
lecorded. Profile measurements should be repeated multiple times (at least 3) on each surface, at
different locations;se®e Figure 12. The top surface of the vertical (90°) artefact can have surfaceltexture
dffects caused¢by-the scanning and/or hatching strategy used during the process. The top|surface
theasurements—can therefore give different results depending on process parameter settihgs and
position imbtiild chamber.
a 1 b 1
: — 3
C—) D
Key
1 tab surface to be measured
a  Suggested profile measurement positions.
b Suggested areal measurement position.
Figure 12 — Suggested locations for profile and areal measurements
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Where possible, both surfaces (upward and downward facing) of each tab of the artefact should be
measured and reported separately.

7.4.4 Reporting

The roughness measurement parameters shown in Table 2 should be measured and reported (refer to
ASME B46.1 or ISO 21920-2, ISO 21920-3, and ISO 25178 (all parts)). The profile length should also be
reported for profile measurements and the area measured should be reported for areal measurements.
Suggested values are given in ASME B46.1 or ISO 21920-2, ISO 21920-3, and ISO 25178 (all parts).

Table 2 — Suggested measurement parameters

N Symbol (profile Symbol(areal
ame

measurement) measarement)
Averageroughness (arithmetical mean deviation) of the surface R, S,
Average peak to valley height of the surface R, S,
Skewneps (the degree of asymmetry) of the surface height distribu- Ry Sk
tion
Kurtosis (the degree of peakedness) of the surface height distribu- Ry, Sku
tion
Maximum peak height R, Sy
Maximum valley depth R, S,

A selection of filters (mechanical, electrical and / or software) is applied when measuring surfac

texture

the filtefs shown in Table 3 should be reported. The value of other software filters that have been use
— for example a phase correcting filter — should be recorded.

The filters used should be disclosed with the measurement results. As a minimum, the value ¢

= (U

Table 3 — Typical values of measurement filters

MeastI;VII')eement sgilnfl(:l Filter name Typical value
profile A Low-pass filter Same as sampling length
Ag High-pass filter Radius of measurement stylus tip
arfeal L-filter Large scale filter Same as one side of the measurement area
S-filter Small scale filter 10 um

The filters used as well“as the profile length or measurement area should be considered whej

compar

of ASME B46.1 shall’be followed. Comparisons between measurements are only appropriate whel
made uging identical methods.

7.4.5

7.4.5.1

—

ng surface texture characterization results obtained from different sources. Appropriate part

- U7

Considerations

Build orientation

The artefact should be built in the upright position, i.e. with the base parallel to the build platform. If
the tabs are built individually, they should be built at the angle from the build platform that is imprinted
on the tab, with their short edge parallel to the build platform. Orientations that result in edges parallel
to the wiper or recoating blade should be avoided.

7.4.5.2

Repeatability

The surface texture of parts produced by the process can vary with position in the build chamber and
with orientation of the artefact with respect to the axes of the machine. Therefore, if comparison with

22
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other results is required, the position and orientation of the artefacts in the build chamber should also

be recorded.

7.4.5.3 Supports

For AM processes that create support structures built from the same material as the artefact,

minimizing the use of these supports where possible enables a greater number of different

surface

slopes to be measured, especially on downward facing surfaces of the test artefacts. Where such
supports are unavoidable, it is sometimes possible to adjust the spacing between them, to allow room

can and/or hatch parameters can be adjustable to produce supports that can be removed mof
inimizing the witness marks and risk of damage to the surface being measured. Users,shotld
he machine supplier’s documentation for further information.

donnection might lead to deformation if the built part is subject to shrinking.

7.4.5.4 Recoater

=

parts such that collision between the part and the recoating systemyWwould cause the parts to p
fold back.

7.5 Labelling

[.5.1 Purpose

llabels can optionally be included in a build to identify respective artefact orientations and p
These labels can be included on the build platfarm or on the parts themselves, if they are posit
hat they do not interfere with the propertiesto be measured.

.

(.5.2 Geometry

2

o)

3ses, the

e easily,
consult

some cases it can be necessary to print the tabs without connection between’them becajse this

[Vhen AM systems fitted with recoating systems are used, care shall be taken to avoid orientdting the

11l up or

bsitions.
oned so

\ label indicating the machine X\ahd Y build directions is available with the test artefact gegmetries
nd is shown in Figure 13. Struts facilitate easy detachment of label from artefact following builld.
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Dimensions in millimetres

(=

B

B

e g Y
(=
g X
L0 0 o oy
10
0,75
o~
AUNAUNAUYAWYAWYA
0,8 \ N
—_— - 1 o

Key
1 strutA

Figure 13 — Engineering drawing©of XY-label
7.5.3 |Considerations
When aglding labels, it can be advisable to do so with-@hon-symmetrical feature/shape to help describg
artefact|position and ensure it cannot be misinterpieted. An example use of label with artefact is shown
in Figure 14.

a)
b)
Figure 14 — XY label attached to build at a) 0°, and b) 45°
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Example artefact configurations

1

023(E)

[fsers—are—encour agcd to L,uufigulc the—artefactsdescribed-imthe maimrtextof thisdocumms
positions and orientations that best address their specific needs. However, in cases of general
it can be helpful to have a generic configuration. This Annex provides several example
donfigurations that can easily be adopted by a user.

The required and optional measurements discussed in the main body of this doeuient all pe
the individual artefacts. However, there is no language precluding the measuréments of positi
grientations of the artefacts relative to each other. Several of the configurations below take ad
of these relative position and orientation errors to provide additional measures of system ge
performance.

A quick check of X/Y performance can be performed. This configuration is intended to prov
n the geometric performance of the system in the XY plane, especially toward the centre of t

eedstock material. The small number of test artefacts and-the shallow build height mean th4
jot a thorough characterization of system performance.

The circular artefact and the four linear artefacts inkEigure A.1 are symmetric about the centi
Build platform, which can be helpful in highlightifig errors in systems where the scanning s
mhounted above this centre point

4
d
platform. Further, this configuration is intended to build qui¢kly and to require a small anjount of
f
1

nt with
inquiry,
artefact

rtain to
ons and
vantage
ometric

de data
he build

t this is

e of the
purce is
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Dimensions in millimetres

2
2 50 65
z 40 60
~ |
r—
-
—_ | %
=
A AR
B | === ==23a: e -
|l 2 =3
-
E [l
201 &40 2
45 2
NOTE 1|Artefactswased:
— lineaf artefact (x4); — circular artefacts (x1); — resolution pin artefacts (x4);
— resolution hole artefacts (YQ); — resolution rib artefacts (v1); — resolution slot artefacts (v'))

NOTE 2 Linear artefacts are aligned to the X- or Y-axis to highlight error motions of individual machine
axes.

NOTE 3 Measurements of perpendicularity between linear artefacts can highlight errors in squareness
between machine motion axes.

Figure A.1 — Engineering drawing and CAD model drawing of example build for quick check in
XY plane
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+ grade A for simple and inexpensive measurements commonly availab]e;
+ grade AA for slightly more difficult methods;

-+ grade AAA for laboratory level measurements that are expensive and elaborate but resu
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Annex B
(informative)

Measurement techniques

neasurement methods and their associated equipment vary in difficulty, uncertainty, a
\ccordingly, the measurement methods are divided into three categories:

lowest measurement uncertainty.

'he different measurement methods for several measures (many of which are option
neasurements on each artefact are summarized in Table'B.1.

(Vhile this document does not prescribe specific measurement methods, there are common methods
hat are anticipated to be helpful in measuring the various measurands on each lartefact. These

hd cost.

It in the

al) and

The expected deviation of the measurand from nonrinal should be taken into consideratiqn when
delecting an appropriate measurement methed.“Specifically, many users can require that the
mheasurement uncertainty be at least four times better than the value being measured (though 10 times
is sometimes preferred). For example, if thegzoundness (circularity) deviation of the inner rirfg of the
dircular artefact is expected to be 0,5 mm-ar better, the selected measurement method should be able
tlo achieve a roundness measurement unicertainty no larger than 0,125 mm (though 0,05 mm ¢ould be
preferred). This is known as the test'te-uncertainty ratio (TUR), and more information can be found in
ASME B89.1.13 and in ANSI NCSL-Z:540.3.
Table B.1 — Suggested.measurement methods and main characteristics of test arteficts
Measurand Output Measurement method Measurement(grade
Linear artefact
Position Coerdinate of each face CMM AAA
Coordinate of each face 3D scanner Ato AA
Protrusion thickness Hand-held micrometres or A
callipers
Spacing between protrusions Hand-held callipers A
§ttaightness Form along the length of artefact CMM AAA
Form along the length of artefact 3D scanner Ato AA
Form along the length of artefact Dial indicator with calibrated AA
positioning stage
Form along the length of artefact Dial indicator with straight- A
edge
Circular accuracy artefact
Roundness Form of the individual faces of each |[CMM AAA
(circularity) ring
Form of the individual faces of each |Roundness measuring device AAA
ring
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Table B.1 (continued)

Measurand Output Measurement method Measurement grade
Form of the individual faces of each |Dial indicator and calibrated AA
ring rotary axis
Diameter at several points (differ- |Hand-held callipers or A
ence between maximum inscribed |[micrometres
and minimum circumscribed
circles)

Diamete| Dfameter of bestfitcircie to muiti- [CMM AAK
ple points qn.)
2-point diameter Hand-held callipers or micro- A (19‘,
metres .
v
Concentficity |Centre positions of best-fit circles to | CMM }@Q
faces of each ring (f\q/
Form deviation of one face of ring  |Dial indicator and calibrated @ “AA
relative to reference location rotary stage =
Z-axis artefact \v\?
Step height Coordinate of each step CMM ,-O ' AAA
Coordinate of each step 3D scanner 9\\0 Ato AA
Height of each step Height gauge . o Ato AA
Height of each step Hand-held dept’}\l@ée A
Straighthess (or CMM \\Y - AAA
flatness) 3D scanneKQ\‘ Ato AA
Dial ig&tor with calibrated AA
positioning stage
Dial'indicator with straight- A
~& ge
Resolutjon pins , X
Pin dianjeter Minimum circumscribed cirg@ CMM AAA
Minimum circumscribed.CWI\e Calibrated microscope AAto AAA
Maximum inscribed q&le’ 3D scanner Ato AA
2-point diameter O\ Hand-held micrometres or A
/\Q callipers
Pin height o CMM AAA
» Depth gage or hand-held A
/)_Q callipers
Roundngss ?\Sw Calibrated microscope AAto AAA
(circulatity) \Q
p: v‘..\ CMM AAA
Cylindri :i%\ CMM AAA
3D scanner Ato AA
Resolution holes
Diameter Maximum inscribed circle Calibrated microscope AAto AAA
Best fit circle Calibrated microscope AAto AAA
Maximum inscribed circle Pin gage A
Hole depth Pin gage with depth gage A
Roundness Calibrated microscope AAto AAA
(circularity)
Resolution ribs
Rib thickness | CMM AAA
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Table B.1 (continued)

Measurand Output Measurement method Measurement grade
Hand-held callipers or micro- A
metres

Straightness Form of artefact CMM AAA
(or flatness)
Form of artefact 3D scanner Ato AA
Form of artefact Dial indicator with calibrated AA
positioning stage
Form of artefact Dial indicator with straight- A
edge
Resolution slots
$lot width Distance between faces Feeler gauges (gauge shims) A
Distance between faces CMM (coarse slots only) AAA
Distance between faces Hand-held callipers or micro- A
metres (coarse slots only]
Flatness Deviation from best fit plane CMM (coarse slots only) AAA
farallelism CMM (coarse slots.only) AAA
Angularity Angle of arm CMM AAA
3D scanner Ato AA
Surface texture
Average rough- |R, Contact (stylus) profilometer AAto AAA
ness
S, Optical profilometer AAto AAA
Average peak |R, Contact (stylus) profilometer AAto AAA
Yo valley S, Optical profilometer AAto AAQA
$kewness Ry Contact (stylus) profilometer AAto AAA
Sk Optical profilometer AAto AAQA
Kurtosis Ry, Contact (stylus) profilometer AAto AAA
Sku Optical profilometer AAto AAA
Maximum peak |R, Contact (stylus) profilometer AAto AAQA
height Sp Optical profilometer AAto AAA
Maximum val- |R, Contact (stylus) profilometer AAto AAQA
ley depth Sy Optical profilometer AAto AAA
B.2 Suggestions for dimensional measurement
(reneral suggestions:

Repeating a measurement several times and taking the average value over those measurements
reduces measurement uncertainty. A minimum of three replicate measurements on each measurand
is suggested.

Minimum force should be applied to the measured part or feature, especially for small fragile
geometries.

The user is encouraged to look for possible non-flat or “turned-up edges” on nominally flat faces that
can affect results.

With high roughness surfaces, the measured dimension is systematically larger than the amount
of solid material present because measurement probes systematically capture peaks in the surface
more than they capture valleys in the surface.
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For coordinate measuring:
— More points are always preferred.
— Atleast 80 % of the surface should be covered by the range of the coordinate measurements.

— A stratified random coverage of a surface generally results in a lower measurement uncertainty
than a uniform coverage of a surface because it avoids aliasing of systematic errors.

For measurements with an optical microscope:

W

— Edge detection plays a large role in bias and precision. Careful analysis should be made of.‘th
employed edge detection method and its contribution to measurement uncertainty.

9%

— |Lightingaffectsthe quality of the image and therefore the edge detection. Arepeatableptocedur
for achieving uniform lighting (while avoiding saturation) with the equipment ayajlable help
reduce measurement uncertainty.

1°2]
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C.1 General

'he measurement procedures described in this Annex are not necessarily preferred ovg
neasurements for the same measurand. For example, when measuring the positions-ofthe fac
rotrusions in the linear artefact, measurements using a CMM result in lower measiitement unc
han measurement using dial or digital callipers. The higher-end measurement teghniques (lab
nd AAA in Annex B, such as CMMs, etc.) have significant documentation ofigood practices; u
ncouraged to seek out standard methods and other documentation for guidance on those teg
s the complete description of how to use those techniques for optimal-measurement of po
utside the scope of this Annex. To help ensure good practice in meastging artefacts with more
echniques, this appendix provides some suggestions for good praétice measurements conduct
allipers, etc., as the simplicity of using dial or digital callipers allows for more complete discy

=~ = ot o 0y D 0y e~ =~ 3

heasurement concepts, which are reinforced in the procedihes addressed in this Annex.

(C.2 Linear artefact

(.2.1 Equipment for measurement

— Digital micrometre screw or digital callipers, with a maximum permissible error (MPE) < 0
A micrometre screw offers a larger_contact area than digital callipers. Digital callipers
inaccurate results if, for examplé;-the jaws are placed parallel to the build direction ar
contact between built layers,

(.2.2 Instructions for benchmark measurement

Fach distance should be(measured three times at varied heights up the cube:
1+ 1stmeasurement,on bottom surface;

+ 2nd measufemient mid-way up cube;

+ 3rd measurement at top of cube.

(.2.3"Considerations for measuring benchmark

r other
bs of the
ertainty
blled AA
sers are
hniques
sition is
manual
ed with
ssion of

heasurement procedures. Further, the simplicity of use oftenleads users to be less mindful of pirecision

02 mm.
tan give
d make

edge 3 NoANR a . e o, a ala n_me emen e me emen

localized features such as this should be avoided whenever possible during measurement.
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Figure C.1 — Raised edges formed on top surface of geometry

grouping of face position measurements can allow for the separation“of error sources. Fo
,in the case of powder bed fusion, a measurement between opposing fages can be influenced b

Opt

Rou

Mes
cird

Con

?‘%set error. It can be beneficial to analyse the measurements of face positions that are oriented i

W~ o~ T

direction of the datum face separate from the face positions thatare oriented in the opposit
of the datum face to separate (and, possibly, determine the magnitude of) beam offset error.

rcular artefact

Equipment for measurement

ical Measurement, CMM, or equivalent.

Instructions for benchmark measurement

ndness of the rings:

W

surement dimensions are shownin Figure C.2. The E, D and F dimensions used depend on th
ular artefact chosen for measurement.

Scan should start at Pt1.
Pt1is 0,5D mm fremPlane B and 0,5(D-E) mm from Plane A.

The scan should be continuous to end back at Pt1.

w

The scap-should be performed at a plane parallel to Surface C at a height 0,5F mm from Surfac
C.

centricity / cylindricity of the rings:

The circles / cylinder should be measured / constructed at two heights parallel to Surface C at
heights 0,25F mm and 0,75F mm from Surface C.
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