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Foreword

[SO (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 electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
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document should be noted. This document was drafted in accordance with the editorial rules
C Directives, Part 2 (see www.iso.org/directives).

hws attention to the possibility that the implementation of this document may invelye the us
s). ISO takes no position concerning the evidence, validity or applicability of any claimed
in respect thereof. As of the date of publication of this document, ISO had notireceived notic
s) which may be required to implement this document. However, implementers are caution
iy not represent the latest information, which may be obtained from the patent database avail
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cument was prepared by Technical Committee ISO/TC 261, Additive manufacturing, in coop
STM Committee F42, Additive Manufacturing Tée€hnologies, on the basis of a partnership agrg

e Manufacturing, and in collaboration with the European Committee for Standardization
cal Committee CEN/TC 438, Additive manufacturing, in accordance with the Agreement on te
ation between ISO and CEN (Vienna Agreement).

pdback or questions on this dogument should be directed to the user’s national standards |
te listing of these bodies can be found at www.iso.org/members.html.

Fevision.
hin changes are as follows:

e third element of the title of the standard has been changed to “Orientation and location depe
mechanical pfoperties for metal parts”;

e title for\Figure A.6 b) has been corrected;

ference [12] in bibliography has been corrected.

pration
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en ISO and ASTM International with the aim\to create a common set of ISO/ASTM standards on

(CEN)
thnical

ody. A

cond edition cancels and(eplaces the first edition (ISO/ASTM 52909:2022), of which it constitutes a

hdence

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

AM produced metallic parts are being intensively developed and used more widely today with an expected
faster growth in near future. This document aims to support customers’ needs to address specifics of the
AM deposited parts - location and orientation dependent local properties and their variations over the part
or deposition chamber.

This document provides a list of accurate terminologies and existing standards dedicated to mechanical
testing of metallic materials, guidance on designation of coordinate systems and their application to AM
specimens/parts designation, and recommendations on possibilities for local properties measurement.

© ISO/ASTM International 2024 - All rights reserved
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Additive manufacturing of metals — Finished part properties
— Orientation and location dependence of mechanical
properties for metal parts
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2 N:rrmative references
I

bcument covers supplementary guidelines for evaluation of mechanical properties including
tatic and dynamic testing of metals made by additive manufacturing (AM) to provide gu
| reporting when results from testing of as-built specimen or specimen cut out frem)AM part
technique or both.

pcument is provided to leverage already existing standards. Guidelines are*provided for mec}
ties measurements and reporting for additively manufactured metallic specimen as well as th

bcument does not purport to address all of the safety concerns,.if-any, associated with its uj
ponsibility of the user of this standard to establish appropriate safety, health and environ
es and determine the applicability of regulatory limitations prier to use.

cument expands upon the nomenclature of ISO/ASTM 52900 and principles of [SO 17295 and e
pecifically to metal additive manufacturing. The application of this document is primarily in
Fide guidance on orientation designations in cases ‘where meaningful orientation/direction
be obtained from available test methods.

owing documents are referred to in.the-text in such a way that some or all of their content cons
bments of this document. For dated teferences, only the edition cited applies. For undated refe
bst edition of the referenced document (including any amendments) applies.

D9, Metallic materials — Fatigue testing — Axial force-controlled method

D6, Hardmetals — Compression test

D2-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
106, Metallic materials — Fatigue testing — Axial-strain-controlled method

108, Metalli¢ materials — Fatigue testing — Fatigue crack growth method

| 35, Metallic materials — Unified method of test for the determination of quasistatic fracture toug

static/
idance
5 made

nanical
bse cut

be. It is
mental

xtends
tended
for AM

titutes
rences,

yhness

ISO 17

PI5, Additive manufacturing — General principles — Part positioning, coordinates and orientatio

1S

ISO/ASTM 52900, Additive manufacturing — General principles — Fundamentals and vocabulary

ASTM E8/E8M, Standard test methods for tension testing of metallic materials

ASTM E9, Standard test methods of compression testing of metallic materials at room temperature

ASTM E399, Standard test method for linear-elastic plane-strain fracture toughness kic of metallic materials

ASTM E466, Standard practice for conducting force-controlled constant amplitude axial fatigue tests of metallic
materials
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E561, Standard test method for k-r curve determination
E606/E606M, Standard test method for strain-controlled fatigue testing
E647, Standard test method for measurement of fatigue crack growth rates

E1820, Standard test method for measurement of fracture toughness

ASTM E1921, Test Method for Determination of Reference Temperature, T,, for Ferritic Steels in the Transition

Range

ASTM E2472, Standard Test Method For Determination Of Resistance To Stable Crack Extension Under Low-

Constr

ASTM
and be

ASTM

3 Td

For thd
apply.

ISO an
— IS
— IE

3.1 1

3.1.1
part1d

1int Conditions

E2899, Standard test method for measurement of initiation toughness in surface cracks yundeér
nding

2971, Practice for Reporting Data for Test Specimens Prepared by Additive Manufacturing

rms and definitions

purposes of this document, the terms and definitions given in ISO 17295 and ISO/ASTM 529

1 IEC maintain terminology databases for use in standardization'at the following addresses:

D Online browsing platform: available at https://www.iso.6rg/obp

[ Electropedia: available at https://www.electropedia.exg/

Definition

cation

location of the part/sample/specimen within*the build volume

Note 1
centre

3.2
The ab

to entry: The part location is normally’specified by the x, y, z coordinates for the position of the ge
bf the part’s bounding box with respect to the build volume origin.

Abbreviations

breviations used in Kigure A.4, are listed in Table 1.

Table 1 — Abbreviations

tension

00 and

bmetric

Abbreviation Signification Comment

S Start Any base of the specimen or part that provides a surface upon which depo-
sition starts (see Annex A).

E End Any area of a spec1men or part that prov1des a surface upon which tlre
bl)cbllllcll Ul pdl L UCPUDILIUII cuua LDUC nllllCA I‘\J

Middle Mid-plane of a specimen or part between start and end (see Annex A).
B Both Crack growth captures both start and end of build (see Annex A).
RD Scan direction This may or may not be the same throughout the build (see Annex A).

3.3 Acronyms

The acronyms used in this document for illustrating crack growth directions with respect to the build

directi

on are listed in Table 2 and illustrated in Figure A.4.

© ISO/ASTM International 2024 - All rights reserved
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Table 2 — Acronyms

Acronym Signification
XY, YX, XZ, ZX, |The first letter represents the direction normal to the crack plane and the second letter represents
YZ,ZY the expected direction of crack extension.

XYB Indicates that crack growth captures both the start and end of the build in XY direction.
XZE Indicates that the crack growth occurs from the end to the start of build in the XZ direction.
XZS Indicates that the crack growth occurs from the start to the end of build in the XZ direction.
YXB Indicates that crack growth captures both the start and end of the build in YX direction.
YZE Indicates that the crack growth occurs from the end to the start of build in the YZ direction.
YZS Indicates that the crack growth occurs from the start to the end of build in the YZ directjom:

ZXM (¢r ZX1/2) |Indicates that crack growth occurs at the middle plane in ZX direction.
4YM Indicates that crack growth occurs at the middle plane in ZY direction.

In situptions in which a test specimen is created from other locations with respect to the’start of the build

(for ex]
indicat

location one quarter of the way from the start of the build.

In situ
a port
should

4 Su

41 T

also uj
specin

4.2
direct

ample Y4, 3%, etc. distance from the start of the build) in the ZX direction, the ‘notation used
e this location. For example, ZX1/4 indicates that testing was conducted‘in the ZX directi

ptions where a test specimen (i.e. either a standard size or miniaturized specimen) is cut oy
on of a built part (e.g. from an actual part) this should be noted:“The terminology provided
still be used to indicate the location of the cut-out sample with respect to the original part geo

mmary of document

he purpose of this document is to provide guidelines for test methods referenced in Clauss
e some of the terminologies defined in ISO/ASTM 52900 with metal additive manufacturi
ens. Test specimens may be built directly to net-shape, or near net-shape, or cut out from a paf

tandard geometries can be used based-on the reference standards indicated in Clause 2, ha
Lesting of a part is a highly recommended practice for metal AM (See A.6).

should
bn at a

t from
above
metry.

| 2 and
hg test
t.

wever,

4.3 In order to investigate and doctment orientation and location-specific mechanical properties, cut

small-{
some [

5 Si

51 4
condug
the co
ASTM
spectr

cale specimen from the relevarit locations of the parts should be achieved. This document de
rinciples to apply for the testing of various properties.

pnificance and use

\lthough evdluation of mechanical properties of many additively manufactured materials

scribes

can be
idards,

ted using the guidelines developed for conventional materials within existing testing sta
ordinate systems and nomenclature specific to conventional materials testing (for exan
E399,>ASTM E647, 1SO 12108 and ISO 12135) are not sufficient to be applicable across t
im_Of spec1mens/parts produced by metal AM without causing confusmn This document is bg

the no

iple in
he full
sed on
ication

of this document is prlmarlly 1ntended to prov1de guldance on orlentatlon de51gnat10ns in cases in which
meaningful orientation/direction for AM cannot be obtained from available test methods.

5.2 Itshall be understood that the interpretations and guidelines in this document do not alter the validity
requirements of test methods nor can this document be used to change the designation of “invalid” data
(thatis according to test methods) to a “valid” condition. This document is primarily concerned with cases in
which it is not possible or practical to obtain meaningful data based on orientation/direction designations

that ar

e currently covered in standards developed for conventionally processed materials.
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6 Procedure

The test procedure, analysis of test record, and calculations shall be made in accordance with Table 3.

Table 3 — Standards to be applied according to test method

Test method Referenced standards
tensile ASTM E8/E8M, IS0 6892-1
compression ASTM E9, ISO 4506
force controlled fatigue ASTM E466,1S0 1099
| strain-controlled fatigue ASTM E606/606M, ISO 12106
linear elastic fracture toughness ASTM E399
Kp curve determination ASTM E561
non-linear fracture toughness ASTM E1820, ASTM E1921, ASTM E2472, ASTM _E2899, ISO 12135
fatigue crack growth ASTM E647,1S0 12108
7 Report
7.1 General
The report shall include all the information required by test methods dlong with the location and orientation

of the

7.2 Additional requirements

Since the scan strategy can have a significant effect on-the mechanical properties of the parts, it is
recommended that a specification of the scan strategy™s included in the test report for metallic ma

There
scans

type of AM machine used. Besides the scanning strategy, other process parameters that can have sign
influence on the mechanical properties in‘the parts include, but are not limited to: preheating of th

plate,

typically used in A, it is not possible te’relate the orientation nomenclatures to the scan strategy d
Conve;t;tional directions typically used for deformation processing have been used presently to def

axes
ASTM

part or specimen, following the guidance provided in this destiment.

are a number of different strategies that cair*be used to manufacture a part. Some of the cq
lrategies are included in A.1. However, different types of scan strategies can be used depending

bcanning speed, spot size, scan.path overlaps and others. Because of variation in scan str

d terminologies. Processing/post-processing parameters shall be reported in accordanc
F2971.

highly
terials.
mmon
on the
ificant
e base
htegies
irectly.
ne the
e with
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Annex A
(informative)

Example raster (scan) strategies for reporting

A.1 Example of strategies for reporting

All units are expressed in SI system. Figure A.1 gives example of strategies for reporting.

Z

c) Crosshatching

scanning divection

bufild direction

b
Y
a
X
a) Zigzag
Z
- :/'J,//
¥
X

b) Unidirectional

Z

d) Island

Key

X

Y Ydxis
Z
I
b Side.
¢ Top.

Figure A.1 — Example raster (scan) strategies for reporting

© ISO/ASTM International 2024 - All rights reserved
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A.2 Rectangular specimens orientations designation for tensile, low- and high-cycle
fatigue testing

The orientation of the specimen in the build chamber shall be identified by orthogonal orientation notation
as specified in ISO 17295. This nomenclature can be used for tests on rectangular specimens in which there
is no starter crack/notch requirement. These test methods are not limited to ASTM E8/E8M and ISO 6892-1
(tensile), ASTM E9 and ISO 4506 (compression), ASTM E466 and ISO 1099 (force-controlled fatigue), and
ASTM E606/606M and ISO 12106 (strain-controlled fatigue). For test methods that require a starter crack/
notch, see A.4.

Figure A.2 illustrates possible orientation designation for tensile, low and high-cycle fatigue testing for

rectangular specimens.
Y
H[ Z

™
%

N,
|

XYZ

Y X

i
YXZ
Z
Y\L»x
ZXY
ﬁ Z
Y\T/.x
Figure’A.2 — Specimen orientations illustrating example orientation designation for tensile| low

XZY
YZX
7YX

NOTE Orientations shown in Figure A.2 are based on ISO 17295. For example, for the XYZ specimen, the longest
dimension is parallel to the X axis, the second longest dimension is parallel to the Y axis and the shortest dimension is
parallel to the Z axis. The Z axis is always the build direction.

A.3 Round specimen orientations for tensile, low-, and high-cycle fatigue testing
Figure A.3 illustrates possible orientation designation for tensile, low and high-cycle fatigue testing for
round specimensl(I[2](3],

© ISO/ASTM International 2024 - All rights reserved
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X
Z
v !
X
Y
Z
Y'Lv
X
Z

re A.3 — Spécimen orientations illustrating possible orientation designation for tensile,
and high-cycle fatigue testing for round specimens

ientation of the specimen in the build chamber shall be identified by abbreviated orth

orienta

itioh notation, as specified in ISO 17295, where the orientation of the specimen can unambig

low-

ogonal
uously

be described by listing only the axis to which the longest dimension runs parallel. These nomenc
can be used for tests conducted on circular specimen in which there is no starter crack/notch requirement.
These test methods are not limited to ASTM E8/E8M and ISO 6892-1 (tensile), ASTM E9 and ISO 4506
(compression) ASTM E466 and ISO 1099 (force-controlled fatigue), and ASTM E606/606M and ISO 12106

(strain

NOTE

-controlled fatigue). For test methods that require a starter crack/notch, see A.4.

atures

Orientations shown in Figure A.3 are based upon principles of ISO 17295. For example, an X specimen
designation indicates that the longest dimension is parallel to the X axis and the other two axes have symmetry. The Z
axis is always in the build direction.

© ISO/ASTM International 2024 - All rights reserved
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A.4 Specimen orientations illustrating crack growth directions with respect to the

build

direction for fracture toughness and fatigue crack growth testing

Figure A.4 illustrates specimen orientations and crack growth directions with respect to the build direction
for fracture toughness and fatigue crack growth testing11(2][31[4],

build

he test
20 and

direct

Key
X  Xgxis
Y Ydqxis
Z  bujld direction
E end
M  middle
S stgrt
B bofh
a RI), final raster direction.
b End of the build.
¢ Start of the build.
Figure A.4 — Specimen orientations illustrating crack growth directions with respect to the
direction for fracture toughness and fatigue crack growth testing
These [nomenclatures can only’/be used for test methods that require a starter crack/notch in t
specinjens (e.g. bend, compact tension, etc.). These test methods are not limited to ASTM E399/E18
ISO 121135 (fracture toughness), ASTM E647 and ISO 12108 (fatigue crack growth).
The raster strategy/direction should be reported along with the test report, although there is no
linkage between the nomenclatures here with raster strategies.
A.5 Exaniples of specimen extraction from standard geometries as well as parts
measure location- and orientation-dependent mechanical properties directly
A.5.1 General

Figure A.5 gives examples of specimen extraction from standard geometries as well as parts to directly
measure location and orientation dependent mechanical properties[2][61IZ][8],

In the case of specimens cut out from complex geometries, a computer-aided design (CAD) figure of the part
and a set of coordinate axes should be constructed based on the ISO 17295 coordinate systems to record
precisely the location and orientation of all the specimens to be extracted. Examples have been provided
here as a guidance. For the purpose of this guidance, the build direction is always considered as being
parallel to the Z-axis.

© ISO/ASTM International 2024 - All rights reserved
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Cut-out sample

gle of the cut-out sample with respect to the build direction should also be reported.

Excised specimen may also be used to document location- and orientation-specific microstructure or defect
structure. Various metallographic and non-destructive testing (NDT) techniques may be used on the parts
as well as the cut-out specimen following the same nomenclature outlined presently.

Key
bal
cu
3 stg

Fig

e
-out samples
ndard geometries

ire A.5 — Examples of specimen extraction from standard geometries and parts to dire
measure location- and orientation-dependent mechanical properties

A.6 Mini-specimens testing-approach

A.6.1

In the

use of
shall b
shapeg
mislea
specifi
deposi

General

rase of additively-manufactured parts, it is often difficult to assess the mechanical properties w
standard-sized specimens due to the limited amount of material available. Miniaturized spe
e used in cases in which local property measurements are desired in smaller parts with c
. This is-igiportant as separate deposition of the “reference” standard-sized specimens ca
ding and.different results from those obtained directly from the AM part because of AM {
cs. Thisrequires preparation of specimens of similar size to the part critical dimensions, with
Lion orientation, for subsequent material properties assessment.

ctly

ith the
cimens
bmplex
h yield
rocess
similar

AM-produced parts can exhibit anisotropy and variable properties along the build height in addition to
varying properties with different wall thickness[2I[10][11][12] Characterization of as-built surfaces in addition
to, or instead of, conditioned surfaces (e.g. polished, burnished, etc.) should also be considered depending
on intended application. In order to provide representative material properties, the samples should be
subjected to post-processing that is identical or equivalent to that of the intended final product, before any
testing of the material properties is performed.

© ISO/ASTM International 2024 - All rights reserved

9


https://standardsiso.com/api/?name=122b620c9039767fe914a73985361574

ISO/ASTM 52909:2024(en)

Evenifall of the recommendations above are followed, the use of miniaturized specimens shall be highlighted
when test results are reported to clearly indicate that non-standard specimens where used.

NOTE This document does not provided recommendations for miniaturized tension testing, resulting in a wide
range of sample geometries currently being used. Recent success was reported using the flat sample geometries
shown in Figure A.6, where elongation results most consistent with round specimens were obtained using a thickness
width ratio =0,5[131[14],

If elongation is not a critical property measurement, or the space is very limited, specimens with shorter
gauge lengths (see Figure A.6 b) have been used to yield reliable strength properties. From a practical point
of view, the minimum recommended gauge length is 3 mm.

The thlickness of the specimens should be of about 10 times the grain size to represent “bulk”raterial
behavipur(l3l. Based on recent experience summarized in References [13], [14] and [15], & piihimum
thickngss of 0,5 mm is recommended for machined specimens (see Figure A.6). Based on recent-éxp¢rience
for near net shape specimensl[2[16], Figure A.7 provides recommended minimum specinien dimepsions,
although using specimens with larger volume is highly recommended if possible, given thejconstraintf of the
build olume. In all cases, the testing and evaluation procedures should comply with ASTM E8/E8M| Strain
measufement shall be conducted with measuring systems of appropriate accuracy (video extensgmeter,
laser extensometers, digital image correlation systems, or mechanical extensometer).

Dimensions in millimetres

o~
o

) =
I, S -
m |

43 4,50 24,3 0,5 0,01

2
29
1£0,02

3 0,50 £0,0

a) Proportional specimen (10) b) Short specimen (15)
Figure A.6 — Exampleflat mini tensile specimen geometry

Dimensions in milljmetres

:49 | 10
25 15

Figure A.7 — Example of as-built shape specimen geometry (9)

Miniaturized tensile specimens can also be used for quality control of the AM process, as small specimens
(see e.g. Figure A.7) can be built at different locations within each batch. Their small size would not reduce
the available “commercial” build space within the chamber and not significantly increase build costs.

A.6.2 Fracture toughness tests

In the case of fracture toughness tests, small-sized specimen geometries based on Charpy-sized specimens
in ISO 26843 or ASTM E2248 are recommended. In case of smaller available material volumes, ASTM E1921
implements 0,16 T-CT specimens of dimensions 10 mm x 10 mm x 4 mml[1Z][18], Fatigue pre-cracked mini-
Charpy specimens have also been used for fracture toughness assessments in appropriate cases[19],

© ISO/ASTM International 2024 - All rights reserved

10


https://standardsiso.com/api/?name=122b620c9039767fe914a73985361574

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	3.1 Definition 
	3.2 Abbreviations 
	3.3 Acronyms 

	4 Summary of document 
	5 Significance and use 
	6 Procedure 
	7 Report 
	7.1 General 
	7.2 Additional requirements 

	Annex A (informative)  Example raster (scan) strategies for reporting 
	Bibliography 

