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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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Introduction

This document provides a methodology to evaluate PBF-LB/M AM-machines in the context of automotive on
an objective basis. The need to provide a document standardizing this topic exists because in high-volume
industrial production, the reproducibility of the produced component is crucial to meet production goals.
Therefore, reproducibility and capability of the machines used for manufacturing need to be evaluated
upfront. A methodology and performance characteristics are introduced to enable the evaluation on an
objective and quantitative basis. The documentation resulting from the AM-machine evaluation is used to

obtain

areliable orientation selection and evaluation of PBF-LB/M AM-machines.
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can be used in procurement, production planning and production to improve the undefst
en the machine manufacturer and user. The KPIs to be determined within the scope of this,dod
systematically evaluate the performance of PBF-LB/M machines. However, this does notnece

io. Since a large number of very specific influencing factors affect the selection ofanoptimal m
bnal, individual parameters must be included in the decision. However, the KPIs'\cah form the b
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Huirements regarding quality and planning of build jobs are specific forthe automotive indust
iced generic approach can be expanded to other industries.
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Additive manufacturing for automotive — Qualification
principles — Generic machine evaluation and specification of
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This dpcument is applicable to the additive manufacturing technology PBF-LB/M.
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[SO 44
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1SO 25
ISO/AS

performance indicators for PBF-LB/M processes

bcument specifies the methodology for generic AM-machine evaluation in automotive-envirg
bbjective test criteria and provides the framework for an objective AM-machine{evaluati

AM-machine evaluation within the machine procurement, acceptance, and qualification pro
pcument is specific to automotive, as it is related to existing series part requirements of
1 equipment manufacturers, but the content can be transferred to other industries if necessar

rmore, this document specifies machine KPIs in the context of machine procurement, prog
ng and production of PBF-LB/M components. It aims to reach a_detailed understanding b

aluation of machine performance during running production.For using this document, all
Lire process performance and its stability. Therefore, vdriables are not changed any more

r qualification. This document and the determination.ofithe KPIs help in the evaluation of m
ties, but do not replace an application-specific appraval‘process.

2 N:rrmative references
I

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

b9, Impermeable sintered metal materials and hardmetals — Determination of density

99-4, Hardmetals — Metallographic determination of microstructure — Part 4: Characterisd
y, carbon defects andeta-phase content

D2-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
178 (all parts), Geometrical product specifications (GPS) — Surface texture: Areal

TM 52900, Additive manufacturing — General principles — Fundamentals and vocabulary

nment
bn and

rison. This document finds application in benchmarks, in the preparation of purchase decisions, but

cesses.
rarious
.

uction
btween
rocess
rocess

pters, such as scanning speed, laser power, etc., are fixed, sidee changing these parameters can affect

during
achine

titutes
rences,

tion of

ISO/AS

TM, 52902, Additive manufacturing — Test artifacts — Geometric capability assessment of d

dditive

manuft

CtUTing SySterts

ISO/ASTM 52928, Additive manufacturing — Feedstock materials — Powder life cycle management

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

3 Terms and definitions

For the purposes of this document, the terms and definitions of ISO/ASTM 52900 and the following apply.
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

3.1

performance characteristics
defined characteristics which are measured in a defined framework (in this document based on generic
build jobs and produced specimens) and can be used to evaluate machines on an objective basis

3.2

machine KPIs
machine key performance indicators (KPIs) measure the relevant output of a production machi

define

Note 1
measur

EXAMH

3.3

qualit
define
mecha

34
specin
set of d

Note 1

4 M
41 ¢

4.1.1

This ¢
shall b
objecti

The m|
compli
enable
ISO/AS
throug
ISO/AS

l framework, e.g. timeframe, defined production lots

to entry: Throughout this document, various such KPIs are introduced and their meaningj’as well as
e them, is explained in detail.

LE Overall equipment effectiveness.

y level
1 ranges of values for a specified set of quality parameters such as relative density, surface roug
hical properties, etc.

hen package
ifferent specimens

o entry: Examples of different specimens are shown in/fable 1.

ethodology for generic machine evaluation

jpecification of use-cases

General

ause introduces the methedology of generic machine evaluation. The generic machine eva
e used to carry out an dssessment to evaluate the performance of a PBF-LB/M machine on a
ve basis.

ethodology of generic machine evaluation introduced here is not intended to define and
ance of target{meétrics but should instead be used to generate information and efficiency met
machine assessment and comparison. Further details of the machine acceptance process are shi
TM TS 52930. For this document it is mandatory that consistent handling sequences can be ag
h a goadtoperator’s expertise, since it is important on AM systems for a stable component qual
TMc52926 series).

ILe in a
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basis for two different use-cases, which are described in 4.1.2 and 4.1.3.

4.1.2

Use-case 1 - Benchmarking of machines

The framework and methodology introduced in 4.3.1 shall be used in the context of benchmarking of
machines. Therefore, a minimum of 1 run of the described build jobs according to 4.2.2 shall be produced
and tested in the described way. To strengthen the statistical significance of the benchmark, production
and evaluation of additional build jobs shall be necessary. This is an option at the discretion of the machine
manufacturer or the user.

© ISO/ASTM International 2023 - All rights reserved
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4.1.3 Use-case 2 - Generic evaluation in factory/site acceptance test

The framework and methodology introduced in 4.3.1 shall furthermore be used in the machinery
procurement process, more specific in the factory and site acceptance test. Before using the methodology,
the specific target values for the performance indicators shall be agreed on between user and machine
manufacturer. During factory and site acceptance test, at least one build job run is mandatory.

This methodology can also be used to evaluate build job-to-build job performance. For a better evaluation
of the machine, further evaluations of build jobs with specific relevant part designs can be taken into
consideration. The frame conditions for such specific build jobs can be derived from the framework of the
expected (future) build jobs or be pre-arranged by agreement between machine manufacturer and user.

4.2 S$pecification of specimen and build job design

4.2.1 | Specification of generic specimen and testing standards

In the [following, the test specimens used in the generic construction jobs and for the evaluation of these
construction jobs as well as the associated tests are defined. This clause gives an overiview of the relevant use
cases for the generic machine evaluation and introduces the framework for the data generation (spefimens
used, test methods, build job design and quality requirements).

Specinjen geometries to be used throughout the generic build job are described in Table 1.

Part, 4s well as build job powder removal methods cannot be changed, in order to maintain consistent
mechahical and surface quality of the specimen. The surface measurement shall be performed prio to the
porosity measurement.

The infroduced methodology is applied to quasi-static mechahical properties, relative density, and gurface
characteristics. Further properties (e.g. dynamic, and cyclic\properties) are excluded on purpose and|can be
included in individually designed build jobs following this methodology or individual agreements bg¢tween
user and machine manufacturer.

© ISO/ASTM International 2023 - All rights reserved
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Table 1 — Specification of specimen for measurement of surface roughness, relative density, and

tensile strength

Test specimen

Test standard, purpose and description

Test procedure and criteria

Surface measurement:

Test standard: ISO 25178 (all parts)

Measurement (in
accordance with

AN ISO/ASTM 52902) of S,,
Lt — Testspecimen:10 mm x 10 mm x 10 mm S Sskand Sy, on ea((:)h Ofo
12 10 diamond surface/density specimen the 4 surfaces for 45°, 90°,
135° angle against the
> — Test purpose: build plate
= = Measurement of surface roughness ol: | _ . rermination ofmean
1 o — 45° value and quautiles for
Lﬁ ! T each cube
B — 90°and
~ [ m~ — Area of measuremejnt
— 135°surfaces shall'be’the complete area
2 —  Test Specimen surface: thatis available in gach
. direction
s powder removed with pressured gas (no
ﬁ | surface modification) &) “Typically used
L= measurement filterf
in accordance with
ISO/ASTM 52902
Ty Porosity measurement:
e — Test standard:
—  Preparation: ISO 4499-4 — Cross section cut through
the diamond specimen
— Porosity measurement: [ISO 4499-4 .

— Preparation of the ¢ross
rﬁ‘g — Test specimen; section cut according to
[

L i 10 mm x 10G@m x 10 mm diamond sur- the test standard
face/density specimen —  Measurement of the
z — Test purpose: relative density accprding
. - to the test standard in
nmeasurement relative density in cross I
; 25 x magnification
séction
e |
!—ﬁ | %< " Atesting with the Archimedes method in
Ll accordance with ISO 3369 can be added
IR Tensile test (as-built surface): — Testing according
| 5 — Test standard: ISO 6892-1 to test standard andl
- measurement of R} Ry
| | o — Test specimen: and 4
’ 5 | Near net shape tensile specimen (in ac-
P! cordance with ASTM E8M, the require-
RIE h ment regarding surface roughness may
H be waived)
L K|S|8| |— Tensile testing near net shape with as-
’ 1 | = builbcurfaca hoBes £ orocaccing)
H builtsurface{ro-postprecessin &3
’ | | — Enabling tensile strength trend analysis
’ i | over height
, H Ln
L] Vi m

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

Test specimen

Test standard, purpose and description

Test procedure and criteria

——
|

—|
JRP—|

Tensile test (machined surface):
— Teststandard: 1SO 6892-1

— Testspecimen:

Machined tensile/packing density spec-
imen (in accordance with ASTM E8M)
(optional)

— Enabling density & surface trend analysis

— Machining of the cylinder
in accordance with
ASTM E8M

— Testing according
to test standard and
measurement of R, Ry,g
and A

N

over height in multiple layers

— Creation of packing density

= (-

—|
JR—

N

Specimen package:
— Test specimen:

combined diamond surface/density, near
net shape tensile and machined tensile/
packing density specimen

— This combination of specimen is named
specimen package and should be used

in the following for build job design
considerations

— The specimen package hasa height of
112 mm

— Testprocedure accdrding
to thedescription for the
individual compongnts
of the specimen padkage
(see above)

4.2.2

In Figy
400 m

Build job design

Seszsess

e P

re 1, the representation of the generic buildjob for two different kinds of machines (in this example
m cubic/cylindrical build envelope) is shown.

b) Isometric view: cylindrical build envelope

X

c) Top view cubic build envelope

Figure 1 — Examples of build job design

© ISO/ASTM International 2023 - All rights reserved
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The requirements for the generic build job are:

— The specimen packages shall be stacked in Z for the maximum Z-height possible within the present
machine design (e.g. for a 400 mm Z-height shall be 3 layers of specimen packages, 112 mm each);

— The specimen packages shall be distributed homogeneously and with equal distances;

— The build job shall contain a packing density of approximately 30 % containing specimen packages and
measured from the volume in the bounding box of the full build envelope in X-Y and the height of the

bu

ild job (2);

— The machine manufacturer shall provide the exact packing density and spacing used for the assessment

a

%)

For fu
packag

Key

X X
Y Y4
1 ex

bcimen
ure 3.

part of the documentation.
rther testing and evaluation of the specimen packages and single specimen from the sp
es, distinctive naming shall be assigned. The distinctive naming is described in Figuré-2.dnd Fi
X X
L T R [AIB € e B o R
116666600000000000 ! o seed -
2000000 DOOOOOOODODD | | /@@@@@@@@@é\
300000000000 OOOOODD: - 70000000000 DD \
. 000060000000 000DDD | | !/@@@@@@@@@@@@@@\
- |[OOOOOOOOOOOOOOOODD | [QOOODHOOOOOOOODD.
Y . ©00000000000000000S: Y 6000000000 DDOD \
@l,@@@@@@@@@@@@@@@@% ,,,,,,,,,,,,, [ 1000000000 OOOOODS
 DOOOOOOOOOOOOOOOOS. | BOOOOOOOOOOOOHO OO D!
i !@@@%@@@@@@@@@@@@ BBEOOOO60560000000|
/0000 OOOOOOOOOODODD | H@}@@@@@@@@@@@@@@@@@}
o ToToToToToToTo o To o ToToToTo Yo To g D0OOOODODDOOOODODDD!
M L L T T T T T T ] } L EEEPEEEEEEE LN
. H@@@@@@@@@@@@@@@@@@ N@@@@@@@@@@@@@@@@ i
. DOOOOODOOOOOODODDOD! 1 : ‘@@@@@@@@@@@@@@@@/
o oo leleTolotote oo leToToToTo To g | [ O0O0DOOOOOODODD /
o lololeleTolololo oo e ToToToTo IO 8 - N000000060000
0000000000000 | [ 0000000000
18 00000 DODOOOOOOODO D) L] 0000

xis
Xis

hmple specimen label A8

Figure 2 — Build job labelling X-Y-directions
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Key

®w o> N
>

=2
ov]

For th
Due to
in 4 ed
21 spe
build ¢
consid
for cub
positig
on. Forf
is alwg
space i

In cassd
consid
shown

-level of density/surface specimen 3  example A8_1_ap

-level of tensile specimen as built.

ixis 1 example A8_C
evel of density/surface specimen 2 example A8 2'm

evel of tensile specimen as built.

Figure 3 — Build job labelling Z-direction and specimen differentiation

e machine evaluation, a representativ€)number of each specimen package layer shall be
the different ability of machines tolrealize full field laser exposure, the build envelope is ¢
ual areas (quadrants, which arelabelled 1, 2, 3, 4, see Figure 4). From these areas, a minin
cimens per layer (for cylindrical\build envelopes), or a minimum of 25 specimens per layer (fo
nvelopes), shall be taken fofnevaluation. Upon agreement, a different number of specimens
bred. The specimens to be considered (21 specimens for cylindrical build envelopes, 25 spe
ic build envelopes) should be evenly distributed on the build platform, see Figure 4, in dark gr
ns of the geometries(are for the cubic arrangement: A1, A5, A9, A13, A18, B1, B5, B9, B13, B18
the cylindrical build) the arrangement is: A9, B5, B13, E2, E5, E9, E13, E17 and so on. The arrang
ys such that the'cuter edges of the construction space are considered, and the interior of the b
s scanned atpegular intervals.

the build envelope is restricted due to screw holes the specimen package that need to be tak
bration. it shall be shifted accordingly. The numbers and letters on the sides of the buildir
in/Eigure 4 from above determine the specific position through rows and columns of the resj

samplg

tested.
livided
num of
r cubic
can be
rimens
ey. The
and so
rement
nilding

en into
g field
pective

geéometry. They serve a simple and quickly understandable specimen naming.
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A B C oo R A B C o R
11000060000000000000 B o000 B
21000000000000000000| | BOOOOOOOOG .
3.000000000000000000 L /000000000000
1000000000000 000000 | /0000000000000
007100000000 ,000009 | /00000 10000,00000.
00100000000 L000000! (00000 | 0000L00000 \
0000000000000 000DD | | ©660000000d00ddd |
8§ 0000000000 D00DOODD: 000000000000 00000O.
. 000066000000060006 | 0000600000 00000006|
[ [000000000000000000| [©000000000000000000)
5000000 00000000000 000000060000000600
0000000000000 OOOOD| 0000000000 000000 |
. [OOOOOOOOIDDODOOOOD| [\ 0000000 OOOOODOO
1002000000004 000000| | V0000000040000,
[ 0000000000056000000 N000d0000000d
00000000000 0000000 | | 000000000
1800000000000 0000009 Lo 000~ - Vi

Figure 4 — Definition of specimen selection for cubic and cylindrical build envelopes

4.3 Machine performance characteristics

4.3.1 | Input data and framework

To be gble to calculate the machine performance characteristics following the generic build job production,
data input shall be provided and recorded. The data input shall be-divided into three areas:

a) Terhnical data from the machine data sheet (see Table 2)

Table 2 — Data input from techfiical machine data sheet

Characteristic Unit

Available laser power w

Number of lasers —

Beam diameter (adjustable from (.sto ...) pum

Laser Working mode (e.g. continuous mode,
pulsed mode)

Preheating temperature (max.) °C

Build spaee’[x-y-z2] mm x mm x mm
Required flogrspace for installation m?
Mass of machine kg

a  Less buildplate thickness.

b) Teghnical data describing the PBF-LB/M process for generating the generic build job (see Table 3].

Table 3 — Minimum data input from PBF-LB/M process

Characteristic Unit
Number of lasers used —
Laser power used (hatch) w
Layer thickness (hatch) pum

Scanning speed (hatch) mm/s
Hatch distance (hatch) pum
Laser power used (contour) w
Layer thickness (contour) um

© ISO/ASTM International 2023 - All rights reserved
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Table 3 (continued)

Characteristic Unit
Scanning speed (contour) mm/s
Volume build job (V) cm3
Duration build job (¢g;) h

The data input shown in Table 3 is the minimum amount of data required to generate an understanding
of the process used by the machine manufacturer to produce the generic build job. In addition to that,

th

and the process used. An explanation of which parameters were used can be added using ASTM

13,

c¢) Terhnical data describing the raw material used in the PBF-LB/M process.

Th
da

IS

agfeed on between user and machine manufacturer.

e machine manufacturer should provide data that helps the user to further understand the

e alloy used in the PBF-LB/M process may be chosen by the machine manufacturer. Feg
fa used throughout the methodology shall be provided in a material data.sheet in accordang
D/ASTM 52928. In the use-case factory and side acceptance test, the allogy used may be indiv

achine
F2791-

dstock
e with
idually

4.3.2 | Definition of the machine performance characteristics
The mlachine performance characteristics introduced here are metrics for efficiency measurement and
information about a certain machine. As such, they shall be detetrmined as the result from the generic build
job genleration for benchmarking reasons. They can then be usé&d as informative support in the cont¢xt of a
procurement process.
There |are two main machine performance characteristics which shall be used for visualizatign and
comparison of different machines. These are:
a) Prpductivity indicator Kp [cm3/h]

Vg

Kh=—21 W

tB]

where

Vgi  Volume of the genericbuild job adjusted to the specific machine [cm3]

Necessary buildtime of completion of the generic build job [h]

b) Reproducibilityindicator K., [-]

rep

For th¢ calculation of the reproducibility indicators, a reference shall be defined upfront. The referenc
for thi$ docufmient is shown in Table 4:

e used
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Table 4 — Introduction of evaluation reference E, . (R, , R, 4 inaccordance with VDI 3405-2.1, 2.4)

Evaluation reference E, . Unit Target
Relative density, p.q % >99,2
Surface roughness, S, um <10
MPa — AISi10Mg: 210 to 295

Yield strength, R ;
' — Ti-6Al-4V: 1026 to 1178

MPa — AISi10Mg: 353 to 482

renstle serength Fi Ti-6A1-4V: 1 222 to 1 334
— _Ti-6Al-4V: 0

Other T

If the 1
other {
that dy

user aipd machine manufacturer.

Since t
capabl
calculd

produg
and th

In Fory

K

I

% — AlSil0OMg:2to 7
Elongation, A

— Ti-6Al-4V:29t09,3

Falues can be agreed between manufacturer and user.

hechanical properties of the material that are evaluated are not defined within.VDI 3405 (all
uitable standards should be used upon agreement between machine manufacturer and use
ring the factory and site acceptance tests, a different reference may be used upon agreement bg

he aim of the generic machine evaluation is to determine the minimum capable quality (mi
e specification) in the present methodology, the reproducible quality Q. is introduced for f
tions. Q,,, defines the quality which, based on the given charaeteristic (R, Ry02, 4, Prel» Sa)s

ed in a reproducible way. Based on Q. a specification forresulting quality for the evaluated m
e evaluated characteristic can be derived and compared té results from different PBF-LB/M ma

nulae (2) and (3), the calculation of the capability indicator are shown:

_ Qrep,c
bp,c —

(valid for characteristic R, 5; Rid; Prel ) (
r,C

r,c

bp,Sa = (valid for characteristiesS,) (

rep,C

p,c =Ue —(u=Up )xCpyy (alid for characteristics Ry, 5; Rin; A5 Prel )
Lp,Sa = Usa —(us, -Up'sa JXCr (valid for characteristic S,)

- machine capability indicator = 1,67 by requirement

: 99,8659, quantile

: 0,235% quantile

<

‘mean value

parts),
r. Note
rtween

himum
urther
can be

achine
chines.

P)

B)

For evaluation purposes, the detailed results from relative density, surface roughness, yield strength, tensile
strength and elongation shall be documented so that additional calculations such as the determination of
the absolute reproducible quality can be performed.
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5 Definition of overall equipment effectiveness (OEE) for AM-machines

5.1 General

Major aspects of the automotive development process are planning, sourcing, setting-up and launching
production facilities and machines. During these phases of the development process, continuous monitoring
of the key performance indicator “overall equipment effectiveness (OEE)” ensures transparency with
respect to root causes of down time losses, speed losses and quality losses. The common understanding
shall be used as the basis for product requirement sheets and machine acceptance processes.

The stated OEE definitions and monitoring procedures shall be used for performance-definition and -loss-

analys
systen{

For thd
produg

a) tir

b) bujild job design (generic or specific part designs);

c) tal
d) tat

Generi
and m
quality

OEE nj
clausef

5.2
The tix

he period for evaluation;

s in one single system. This approach is not applicable for the comparison of different mag
S.

t requirement sheet before the start of the procurement process:

"get quality;
rget quantity.

c build jobs (see Clause 4) and defined customer parts cafr be used for the stated OEE def
bnitoring procedures. In both cases, defined quality andbuild job times which produce the r¢
shall be known and defined upfront to determine targets and framework of the OEE monitori

onitoring always constitutes a comparison between target and actual times. The followin
define these time blocks.

hines/

evaluation, the following items shall be agreed between machine manufacturer and gsef in form of a

inition
quired
hg.

g sub-

Dverview
he blocks are introduced in Figure 5.

|th,c

Lesc
&
tO,C
@
tyec |
tnp
t
V:‘ ") I

Figure 5 — Overview of time blocks contributing to OEE calculation

Figure 5 depicts the time blocks which contribute to the calculation of an OEE (see VDI 3423). In the
following, a company that offers a PBF-LB/M systems for sale or provides manufacturing capacity on such
a plant is designated as a supplier. The potential buyer/purchaser of these goods (automotive OEM or also
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a tier supplier) is referred to as the customer. The planned production time can be calculated according to

Formula (4):
tg =tgz,c —tgs,c 4)
where

tgzc  considered plant operating time for OEE monitoring. The customer responsible for its definition;

tgsc  timeloss from planned shutdown. The customer responsible for its definition;

tg planned production time.

The operating time can be calculated according to Formula (5):

tnfFtg —trs —tws —toc (p)
where
trk time loss from equipment failures (technical down time). The supplier is responsible for ifs defi-
nition;

tws time loss from planned supplier-maintenance and inspectian (preventive maintenance tinie). The
supplier is responsible for its definition;

tolc time loss from set-up/adjustments/customer-maintenance/cleaning (organisational down time).
The customer is responsible for its definition;

ty operating time.
The neft operating time can be calculated according te\Formula (6):
tng =IN —tvg,s —tve e ©)
where

tygs  time loss from reducedspeed (includes minor stoppage), due to supplier issues. The supplier is
responsible for its definition;

tygc  timeloss fromreduced speed (includes minor stoppage), due to customer issues. The customer
is responsibleAor its definition;

tNB net operating time.

The fully produetive time can be calculated according to Formula (7):

tp Fing'>tvq,s —tvqc (V)

where

tyqs  timeloss fromrejected pieces that do not meet quality requirements, due to supplier issues. The
supplier is responsible for its definition;

tyqc  timelossfromrejected pieces that do not meet quality requirements, due to customer issues. The
customer is responsible for its definition;

tp fully productive time.
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5.3 Considered plant operating time for OEE monitoring

A fundamental requirement for OEE definition and monitoring is the existence of a production plan. Thus,
OEE monitoring is always a comparison between predefined target times and measured actual times.
Depending on the phase in which the OEE monitoring is conducted, the production plan shall be:

— the plan for the factory acceptance test (FAT) of the machine on the supplier’s premises,

— the plan for the site acceptance test (SAT) of the machine on the customers premises, or

— the production plan for a defined time span (e.g. one full week/month/year).

To be

in the
plan fq
of an 4
resporn

54 /

The ay
produg
materi
down

(the b3
The av

accordiing to Formula (8):

RA:

The th

5.5 Performance rate

The p4
to ope
substa
time. T

according to Formula (9):

RP_

Table ¢
speed

hble to clearly measure whether a machine is performing according to the specifications agH
product requirements sheet, the machine supplier and machine customer shall agree on"a,d
r the FAT and SAT. An example for an SAT plan is given in Annex A. The product requirement
AM-machine shall clearly quantify the maximum accepted values for time losses which lie
sibility of the machine supplier. The following sub-clauses categorize these time lgossés.

Availability rate

eed on
etailed
5 sheet
in the

tion for an appreciable length of time (usually several minutes). Examplés include equipment f
al shortages, and changeover time. Changeover time is included irnt.OEE analysis since it is a
ime. While it is usually not possible to eliminate changeover time; in most cases it can be r

ailability rate is the ratio of operating time ty to planned-production time tg. It shall be calg

ty _tB=trs—tws ~ltoc (
tp tg

Fee categories (tr, ty s Lo ¢) of down time loss are assigned through VDI 3423.

rformance rate R, takes into account speed loss, which includes all factors that cause a j
rate at less than the maximum~possible speed when running. Examples include maching
ndard materials, misfeeds,.and operator inefficiency. The remaining time is called net op
he performance rate is the)ratio of net operating tyy time to operating time ty. It shall be calq

tng _ EN v situe.e (
EN N

b assigns.-different events which can occur during production to the two categories (tygs, t
0Ss.

ailability rate R, takes into account down time loss, which includes._allevents that stop p%anned

ilures,
orm of
bduced

sis of SMED (Single Minute Exchange of Die) programs). The rémaining time is called operatinlg time.

ulated

B)

rocess

wear,
brating
ulated

P)

G.c) of

Table 6 — Assignment of production events to speed loss categories

Sp

eed loss category Production event (including example)

¢ Actual build time is longer than reference build time (e.g. longer recoating time
VG,S essary to process defined material)

nec-

tve.c customer during build results in longer job time)

Actual build time is longer than reference build time (e.g. extra data collection by

5.6 Quality rate

The quality rate R, takes into account quality loss, which factors out produced pieces that do not meet
quality requirements, including pieces that require rework. The remaining time is called fully productive
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time. The quality rate is the ratio of fully productive time ¢ to net operating time typ. It shall be calculated

according to Formula (10):

tp  tnB—tvgs —tvqc
RQ = =
t

(10)
NB tNB

Table 7 assigns different events which can occur during production to the two categories (tyq s, tyq,c) of
quality loss.

Table 7 — Assignment of production events to quality loss categories

Quhplity loss category Production event (including example)
Time fraction during build time spent producing inferior quality parts, due to
tvq,s machine related issues (e.g. unplanned loss of laser power resulting in higher pprt
porosity)

Time fraction during build time spent producing inferior qualityparts, due to dperat-
tvoc ing related issues (e.g. uncleaned laser window resulting in weaket energy deppsition
and higher part porosity)

5.7 OQEE calculation

The OHE takes into account all three factors and is the ratio of fully productive time ¢, to planned proquction
time t{. It shall be calculated according to Formula (11):

t
Ogk =2 =R, Rp (1)
tg

The OKE represents the fraction of production time spent'making good pieces (no quality loss), as|fast as
possible (no speed loss), without interruption (no downctime loss).
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Annex A
(informative)

Examples for Clauses 4 and 5

A.1 Examples for Clause 4: Example visualization of machine performance
chargcteristics

Ko

Key
K, mgchine performance characteristics productivity 1  machine 1
Kep machine performance characteristics reproducibility 2 machine 2

Figure A.1 — Visualization of machine performance (Productivity over reproducibility)

The previously determined machine performance characteristics productivity (Kp) and reprodufibility
(Krep) qre used to create a performance-map of the machine as shown in the diagram above. From th{s map,
the performance of the machine can‘be determined for at least two data points based on quality prerpises 1
(deterinined as reference in 4.3.2))and an additional quality level (here named as level 2 - which is optional
and bgsed on voluntary provision by the machine manufacturer). Additionally, a comparison of different
machines can also be carried out and visualized. The machine manufacturer can provide data for machine
evaluation based on different quality level to describe the evaluated machine. The machine manufjcturer
can perform the introdiiced methodology for other parameter sets he offers on a voluntary basis to ithprove
the data basis for cistomer decisions. For the user, this can help to understand the machine performgnce in
different working\modes and draw the right conclusions regarding the individual application area.

A.2 Examples for Clause 5: Calculation example for OEE during SAT

Table A.1 gives an example for a SAT plan consisting of

— Generic build job 1 (consisting of 30 test specimens, build time 1 875 min.) performed 2 times;
— Generic build job 2 (consisting of 40 test specimens, build time 2 100 min.) performed 2 times;
— Serial build job 1 (consisting of 24 parts, build time 2 000 min.) performed 6 times;

— Serial build job 2 (consisting of 100 parts, build time 1 950 min.) performed 2 times;

— one maintenance interval and

© ISO/ASTM International 2023 - All rights reserved
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— setup times of 1 hour prior to every single job.

In this example the SAT is planned for 30 days resulting in a considered plant operating of 720 h. The time
loss from planned shutdown is given with 305,5 h resulting in a planned production time of 414,5 h.

© ISO/ASTM International 2023 - All rights reserved
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Prior to the SAT, the table is filled with the known job times and planned maintenance and setup times. In
order to base OEE calculation on the correct planned production time, it is important to define the exact
starting time of every job. The resulting OEE calculation of the number-example shown in Table A.1 is given
in Figure A.2.

=

(] =
= o =
) = A
= < )
g | 2 =
o = =
= | E z
= = O
= S [~

ltszc

tes,c
lts
toc
tn 397,50

tvec | 0,00

397,50|

397,50| 1,000 |

Figure A.2 — Calculation example of a SAT OEE Plan

In the falculation example shown in Figure’A.2, the following limit values for down time, speed and guality
losses during SAT are defined by supplier and customer:

trk = 0 h (no time loss due'to equipment failures is allowed during SAT)
twls <5 h (max. timeloss due to planned supplier-maintenance and inspection)

tol <13,2 h (max>time loss due to set-up/adjustments/customer-maintenance/cleaning)

tygs SH (max. time loss due to reduced speed caused by supplier issues)

tyg 6 =3 h (max. time loss from reduced speed caused by customer issues)

tyq,s SES h (max.)time loss from pieces/specimens that do not meet quality requirements, due to sup-
plier issues

tyqc <5h (n.lax. time loss from pieces/specimens that do not meet quality requirements, due to cus-
tomer issues)
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