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Additive Manufacturing—Coordinate Systems and Test
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Methodologies

Thic ctandard 1o tccnod nodarthe Ovod docianation TSO/ASTAL 520921 the nuobor 1o diat l} follawinathe decigpnation tndicatac b

year of original adoption or, in the case of revision, the year of last revision.
1. Scope F2792 Terminology  for  Additive NManufacturing

1.1 This ferminology includes terms, definitions of terms, Technologies’
e : 2.2 ISO Standard:*

descriptions|of terms, nomenclature, and acronyms associated : 4 ! ] A )
with coordirjate systems and testing methodologies for additive ISO 841 .Industrla utomatlop §ystems apd Integrat
manufacturihg (AM) technologies in an effort to standardize Numerlcal Control of Machjgfes=Coordinate Systeth and
terminology used by AM users, producers, researchers, Motion Nomenclature

educators, p
results from
included cdg
coordinate s
is intended,
to clarify th
manufacturi

Note 1—T]

Fess/media, and others, particularly when reporting

testing of parts made on AM systems. Terms
ver definitions for machines/systems and their
ystems plus the location and orientation of parts. It
where possible, to be compliant with ISO 841 and
b specific adaptation of those principles to additive

hg.
he applicability of this standard to cladding has to be

evaluated. Digcussions are under progress.

Note 2—N|

1.2 This
safety conc
responsibili
priate safety
bility of reg

2. Referen

2.1 ASTM
D638 Tes
E8/ESM ]

terials

! This termi

bn-cartesian systems are not covered by this standard.

standard does not purport to address all of the
prns, if any, associated with its use. It is the
y of the user of this standard to establish appro:
and health practices and determine the applica-
llatory limitations prior to use.

ed Documents

[ Standards:*
Method for Tensile Propertigs™pt Plastics
fest Methods for Tension Tésting of Metallic Ma-

ology is under theyjusisdiction of ASTM Committee F42 on

Additive Manufpcturing Technologi€s and is the direct responsibility of Subcom-

mittee F42.01 o
Current edit
published as A§
2 For referen|
contact ASTM

h Test Methodsyafid is also under the jurisdiction of ISO/TC 261.
n approved, Warch 26, 2013. Published May 2013. Originally

[TM F292I51. Last previous edition ASTM F2921-11°

bed ASTM standards, visit the ASTM website, www.astm.org, or

Standards volu

the ASTM website.

Customer Service at service @astm.org. For Annual Book of ASTM
i i o the standard’ e
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ISO 527 (all parts), Plasties"— Determination of tpnsile

properties

ISO 6892-1 Metalli¢-aterials — Tensile testing — Prt 1:

Method of test’at foom temperature

3. Significancé\and Use

3.1 AlthQugh many additive manufacturing system
based heavily upon the principles of Computer Num
Control(CNC), the coordinate systems and nomenc
specific to CNC are not sufficient to be applicable acro
fall spectrum of additive manufacturing equipment. Th
minology expands upon the principles of ISO 841 and a

S are
erical
lature
ts the
S ter-
bplies

them specifically to additive manufacturing. Although this

terminology is intended to complement ISO 841, if
should arise any conflict, this terminology shall have pi
for additive manufacturing applications. For any issug
covered in this terminology, the principles in ISO 841 m
applied.

there
iority
s not
ay be

3.2 Furthermore, this terminology does not prescribe tle use

of any specific existing testing methodologies or standard
practitioners of AM may wish to employ for testing purf
however, it is expected that practitioners will employ 4
priate existing methodologies and standards to test parts
by AM.

4. Terminology

4.1 Definitions—Definitions shall be in accordance
Terminology F2792 and the following:

s that
0Ses;

ppro-
made

with
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Terms and Definitions—AM Machines and their Coordinate Systems

build platform, n—of a machine, any base which provides a
surface upon which the build is started and supported
throughout the build process (see Al.1).

Discussion—The machine build platform may be solid or perforated

Discussion—This is a universal origin reserved for the purpose of
identifying the location of parts within the build volume. (See A1.1 and
Al1.2).

machine origin, n—origin as defined by the original equip-

and made f]

Discussi
platform, 4
systems, sy
between th

build surfa
the last dg
which the
Discussi
platform.

Discussi
dation meaf
surface (foi]

OTT @ Wil Varicty oOf TateTiats aid CONMSTuCToTs.

N—In some systems the parts are built attached to the build

ither directly or through a support structure. In other

ch as powder bed systems, no direct mechanical fixture
build and the platform may be required.

e, n—area where material is added, normally on
posited layer which becomes the foundation upon
next layer is formed.

N—For the first layer the build surface is often the build

N— If the orientation of the material deposition or consoli-
s, or both, is variable, it may be defined relative to the build
example, a blown powder head may be kept normal to it.

See also Z pxis discussion).
front, n—of a machine, shall be designated by the machine
builder.
Discussign—Generally, this is the side of the machine that the

operator fa
or both. (S¢

machine cd

es to access the user interface or primary viewing window,
e Al.1).

ordinate system, n—a three-dimensional Carte-

sian coorﬁinate system as defined by a fixed point on the

build pla
and Z,w
B, and C

in ISO 84

origin, n—
primary
Synonym
coordinat
build vol

build platfor

arbitrarily

orm “with the three principal axes labeled X, Y,
th rotary axes about each of theses axes labeled A,
respectively” (see Al.1, Al.2, and A1.3) agstated
1.

L designated reference point at which the three
xes in a Cartesian coordinate«System intersect.
: zero point, or (0, 0, 0) whén wsing X, Y, and Z
S,

me origin, n—shall be-lecated at the center of the
m fixed on the build\facing surface.

priented. minimum bounding box, n—of a part,

extents o

th® points on the surface of a 3D part calculated

the minir:{um perimeter cuboid that can span the maximum

TITCITt TITAITU ACTUTET. S YOy IS T ITACITITIE [TOTIE, TTAaciTig
point.

Terms and Definitions—Location and Orientation of Parts Within the Build Volume

initial build orientation, n—of a part, is the orientation

ZE1ro

Z axis, n—of a machine, for processes emplQying planar

layerwise addition of material, shall run nonmal-to the lhyers.
(See Al.1 and A1.2.)

Discussion—For processes employing planat/layerwise addifion of
material, the positive Z shall be the directign, from the first layeq to the
subsequent layers (see Al.l and Al1.2).

Discussion—Where addition of material is possible from njultiple
directions (such as with blown.pewder systems), the Z axis rhay be
identified according to the principles in ISO 841 (section 4.3.3)|which
addresses “swiveling or gimballing.”

X axis, n—of a machine, shall run perpendicular to the ¥ axis

and parallel to.the_front of the machine. (See Al.1 and A1.2.)
Discussion>~Where possible, the X axis shall be horizonthl and
parallel withyont of the edges of the build platform.

Discission—The positive X direction shall be from left to r{ght as

viewedufrom the front of the machine while facing toward th¢ build
volame origin.
Y axis, n—of a machine, shall run perpendicular to the £ and

X axes with positive direction defined to make a rightl hand
set of coordinates as specified in ISO 841.

Discussion—Where possible, the Y axis shall be horizonthl and
parallel with one of the edges of the build platform.

Discussion—In the most common case of an upwards Z ppsitive
direction, the positive Y direction shall be from the front to the Hack of
the machine as viewed from the front of the machine (see Al.]).

Discussion—In the case of building in the downwards Z ppsitive
direction the positive Y direction shall be from the back of the mjachine
to the front as viewed from the front of the machine (see Al.2).

bf the
part as first placed in the build volume and becomgs the
reference for any further part reorientation (see A1.6)

without any constraints on the resulting orientation of the
box (see Al.4 and A1.5).

DiscussioN—Where the manufactured part includes the test geometry

plus additional external features (for example, labels, tabs or raised
lettering), the bounding box may be specified according to the test part
geometry excluding the additional external features if noted.

geometric center, n—of a bounding box, location at the
arithmetic middle of the bounding box of the part. Synonym:
centroid.

Discussion—The center of the bounding box may lie outside the part.

DiscussioN—The initial build orientation is most easily communi-
cated via 3D computer models (which can be interrogated for part
position and orientation relative to the build volume origin). Where
practical, the initial build orientation may be designated as the part
orientation in the 3D computer model. Without electronic transfer of
computer models, it should be documented with image(s) of the part(s)
within the build volume and their orientation relative to the build
volume origin (see A1.6 and A1.7).

orthogonal orientation notation, n— of a part’s initial build

orientation, may be used when the intended build orientation
for a part is such that its arbitrarily oriented minimum

© ISO/ASTM International 2013 — All rights reserved
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bounding box is aligned parallel to the X, Y, and Z axes of the
build volume origin (as shown in A1.5(c)), its orientation
may be described by listing which axis is parallel to the
longest overall dimension of the bounding box first, fol-
lowed by the axis which is parallel to the second longest
overall dimension of the bounding box second, followed by
the axis which is parallel to the third longest overall
dimension of the bounding box.

Discussion— For example, a specimen which is placed so that its

=
S0

Ay ISO/ASTM 52921:2013(E)
bisecting the part perpendicular to the axis of rotational symmetry.
Normally, an image is required to identify initial build orientation when
parts have features with less than 360° rotational symmetry (see A1.7).

part location, n—within the build volume should be specified

by the X, Y, and Z coordinates for the position of the
geometric center of each part’s arbitrarily oriented minimum
bounding box with respect to the build volume origin (see
AL.11 and A1.12).

Discussion—Where finding the arbitrarily oriented minimum bound-

longest di\tension is parallel to the Z axis, the second longest
dimension §s parallel to the X axis, and its shortest overall dimension is
parallel to the Y axis shall be defined as having a ZXY orientation (see
A1.8 and A1.10 for examples).

Discussign—Where symmetry allows unambiguous designation of
orientation [by listing fewer than three axes (in descending order of
length), orthogonal orientation notation can be further abbreviated (see
A1.9 and A1.10).

Discussign—Some combinations of part symmetry in an orthogonal
initial build orientation fully define only one possible orientation and
therefore ro image is required to communicate the initial build
orientation.|This is the case for parts like the dog bone specimen (D638
or ISO 527) in Al1.10, which are bilaterally symmetrical (see A1.9)
through its|geometric center in the XY, XZ, YZ planes and have no
rotational qymmetry. This is also the case for parts like the round
tension bar|(see A1.10) which have 360° rotational symmetry through
a center ajis and are also bilaterally symmetrical across the plane

5. Keywords

nate systemy/part location; part orientation

ing box is not possible or practical, the coordinates of the center of the
part’s bounding box (aligned orthogonally to the build volume’prigin)
when the part is in its initial build orientation may be uséd‘for d¢fining
part location.

part reorientation, n—the reorientation ofj parts withjn the

build volume shall be specified by rotation arounfl the
geometric center of the part’s arbitfarily oriented minjmum
bounding box in the sequence of Ay B, and C (see A13 and
A1.12) from a specified initial build orientation of thaf part.

Discussion—Only non-zero anglées need to be listed. For exhmple,
see Al.12 where the front row, df parts are reoriented to A= 0, BE +45,

C= 0 from an initial build-orientation Z and are identified as B+4p from
Z.

5.1 additive manufacturing; test methods; machine cordi-

© ISO/ASTM International 2013 — All rights reserved


https://standardsiso.com/api/?name=5091379d56c7a10abd61d6beb90ba554

ISO/ASTM 52921:2013(E)

ANNEX
(Mandatory Information)

Al. IMAGES REFERRED TO IN THE DEFINITIONS

Al.1 See Fig. Al.1.

+Z Q
Build volume v
origin (0,0,0)

Front of machine
FIG. A1.1 Generic (Upward Building) Additive Manuf@g Machine/System

Al1.2 See|Fig. A1.2. $\\§\
Z

Build volume &

origin (0,0,0)

y

% Build

platform

(semi-transparent for
C) +7 lllustration purposes only)

\%O Front of machine

Fl 2 Generic (Downward Building) Additive Manufacturing Machine/System

Q.
&
v
%&
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%

Al.3 See Fig. A1.3.

ISO/ASTM 52921:2013(E)

Al1.3.1 Ap per ISO 841 when the thumb of the right hand
points in the positive X, Y, or Z directions, then positive
rotation wil] be the direction from the hand to the finger tips.

Al.4 See|Fig. Al.4.

FIG. A1.3 Right Hand Rule for Positive Rotations with
to the Build Volume Origin

Rfs( ce
)

Bounding box

Part geometry

© ISO/ASTM International 2013 — All rights reserved 5
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%

Al.5 See Fig. Al.5.

A1.5.1 Fig. A1.5 shows ( a) a pressure plate in an arbitrary
orientation and its bounding box aligned to the build volume
origin, (b) the same geometry in the same orientation with its
arbitrarily oriented minimum bounding box, and (c¢) the same
part now re-oriented so that its minimum bounding box is
parallel to the build volume origin.

Bounding box
(aligned to build volume origin)

Part geometry

a) T<.

Minimum perimeter bounding box
(arbitrarily oriented%@

Part geo
g r&@%’
xO

b) O@" T<.

Minimum perimeter bounding box

(a%g&d to build volume origin)
' Part geometry
R

£ ',
C) <~

FIG. A1.5 Examples of Different Types of Bounding Boxes

© ISO/ASTM International 2013 — All rights reserved
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Al.6 See Fig. Al.6.

A1.6.1 The pressure plate is shown in its intended build
orientation relative to the build volume origin (for a perspec-
tive view of this part in the same orientation see Fig. A1.5(c)).
The overall dimensions of its bounding box are provided so
that the geometric center can be calculated. Also the alignment
of the major features (the bolt circle) is shown with the center
lines.

ISO/ASTM 52921:2013(E)

six orthogonal alignments, which is convenient (especially
when specifying multiple occurrences of the part geometry
with reorientation) but it is not a requirement for the initial
build orientation. For example, if thoroughly dimensioned, the
orientation of this part as shown in Fig. A1.5(a) may be used
as an initial build orientation as well. In practice, the more
complicated the part geometry and increased number of
orientations the more likely this will be communicated using

three_-dimensional r‘r\mrr‘mtpr models_rather than mpﬂ'\n(‘ls for

A1.6.2 Dyscrssion— In TS cXampic e mitat buitd orfen-
tation is sudh that the arbitrarily oriented minimum bounding
box has beeh aligned to the build volume origin in one of the

2D reporting. '\(b

Build
volume
origin

37mm

© ISO/ASTM International 2013 — All rights reserved
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Al.7 See Fig. A1.7.

A1.7.1 Because a # b # c (even though they share the same
orthogonal orientation notation for their initial build orienta-
tions).

A1.7.2 Even when the arbitrarily oriented minimum bound-
ing box is aligned to the build volume origin, there are still

multiple orientations possible for many part geometries (espe-
cially when there is less than 360° rotated symmetry, such as
the 60° rotated bolt circle in the pressure plate shown). In order
to clarify which orientation is intended, a visual depiction is
needed.

da)

N

FIG. A1.7 Why is a Picture Normally Required

¥

to (’.&municate the Initial Build Orientation?

D
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Al.8 See Fig. A1.8.

Al1.8.1 Fig. A1.8 shows the possible alignments for an
arbitrarily oriented minimum bounding box with reference to
the build volume origin and their notations as described in
Section 4 (orthogonal orientation notation).

A1.8.2 In practice, this notation is usually abbreviated due
to the symmetry of the bounding box (see A1.10).

ISO/ASTM 52921:2013(E)

XYZ

XZY

FIG. A1.8 Orthogonal Orientation Notation

© ISO/ASTM International 2013 — All rights reserved
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Al1.9 See

52921:2013(E)

Fig A1.9.

A1.9.1 Bilateral symmetry is present when geometry is
mirrored across a center plane.

A1.9.2 Discussion— Parts with radial and other types of
symmetry are often bilaterally symmetric as well, such as the
round tension test specimen.

A1.10 Se

A1.10.1
ated where {
dog bone-sh
described by
longest dim
round tensil
described H
dimension T

e Al.10.

ins parallel as shown.

FIG. A1.9 Examples of Bilateral Symmetry

Drthogonal orientation notation may be abbrevi-
ymmetry allows. For example, the orientation of a
aped tensile specimen (bilateral symmetry) can be
listing the axes parallel to the longest and second
nsions as shown. Additionally, the orientation of a
b bar (rotational symmetry) can unambiguously be
y listing only the axis to which the longest

10
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