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European Foreword

This document (EN 16602-70-80:2021) has been prepared by Technical
Committee CEN-CENELEC/TC 5 “Space”, the secretariat of which is held by
DIN.

This standard (EN 16602-70-80:2021) originates from ECSS-Q-ST-70-80C.

This European Standard shall be given the status of a national standard, either
by publication of an identical text or by endorsement, at the latest by June 2022,
and conflicting national standards shall be withdrawn at the latest by June 2022.

Attention is drawn to the possibility that some of the elements of this document
may be the subject of patent rights. CEN [and/or CENELEC] shall not be held
responsible for identifying any or all such patent rights.

This document has been prepared under a standardization request given to CEN
by the European Commission and the European Free Trade Association.

This document has been developed to cover specifically space systems and has
therefore precedence over any EN covering the same scope but with a wider
domain of applicability (e.g. : aerospace).

According to the CEN-CENELEC Internal Regulations, the national standards
organizations of the following countries are bound to implement this European
Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Serbia,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United
Kingdom.
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Introduction

This Standard specifies the processing and quality assurance requirements for
the different types of Powder Bed Fusion (PBF) Additive Manufacturing
processes for Metallic Materials for space flight applications. It can also be used
for Additive Manufacturing activities on space related ground equipment and
development activities for flight hardware. The Standard covers all Powder Bed
Additive Manufacturing processes using Laser or Electron Beam as melting
source.

This standard may be tailored for the specific characteristic and constraints of a
space project in conformance with ECSS-5-ST-00.
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1
Scope

This Standard defines requirements for processing and quality assurance of
powder bed fusion technologies for space applications.

Within this standard a set of phases are specified, each to be followed when
defining, verifying and manufacturing parts using metallic powder bed fusion
technologies. In addition, requirements for operating and supervision personnel
and equipment facilities are described.

This Standard does not aim to prescribe process parameters relevant to the
fabrication using metallic powder bed fusion technologies.

Although this standard is developed for powder bed fusion based techniques, its
principles can also be used as a reference for other metal-based and polymer-
based processes. These include Wire Arc Additive Manufacturing (WAAM),
Stereolithography (with metals), Binder Jetting, but also Selective Laser Sintering
(SLS), Stereolithography (with polymers), Fused Deposition Modelling (FDM),
and others.
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2
Normative references

The following normative documents contain provisions which, through
reference in this text, constitute provisions of this ECSS Standard. For dated
references, subsequent amendments to, or revision of any of these publications
do not apply. However, parties to agreements based on this ECSS Standard are
encouraged to investigate the possibility of applying the more recent editions of
the normative documents indicated below. For undated references, the latest
edition of the publication referred to applies.

EN reference Reference in text Title
EN 16601-00-01] ECSS-5-ST-00-01 ECSS system — Glossary of terms
EN 16603-33 ECSS-E-ST-32 Space engineering - Structural general requirements
N 16602-10-09 ECSS-Q-5T-10-09 Space product assurance - Nonconformance control
system
EN 16602-20 ECSS-Q-5T-20 Space product assurance - Quality assurance
N 16602-70 ECSS-Q-5T-70 Space product assurance - Materials, mechanical
parts and processes
EN 16602-70-15 ECSS-Q-5T-70-15 Space product assurance - Non-destructive testing
N 16602-70-45 ECSS-Q-5T-70-45 Space product assurance -Mechanical testing of
metallic materials
EN 2003-009:2007 Aerospace series - Test methods - Titanium and
titanium alloys - Part 009: Determination of surface
contamination
EN ISO ASTM Standard terminology for additive manufacturing -
52921:2016 Coordinate systems and test methodologies
ISO 2859-1:1999 Sampling procedures for inspection by attributes,

Part 1: Sampling schemes indexed by acceptance
quality limit (AQL) for lot-by-lot inspection

ISO ASTM 52941:2020 | Additive manufacturing - System performance and
reliability - Acceptance tests for laser metal powder-

bed fusion machines for metallic materials for
aerospace application

ISO ASTM 52942:2020 | Additive manufacturing - Qualification principles -
Qualifying machine operators of laser metal powder
bed fusion machines and equipment used in

aerospace applications
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3
Terms, definitions and abbreviated terms

3.1 Terms from other standards

a. For the purpose of this Standard, the terms and definitions from ECSS-S-
ST-00-01 apply.

b. For the purpose of this Standard, the terms and definitions from ECSS-E-
ST-32 apply, in particular for the following term:

1. structure

3.2 Terms specific to the present standard

3.21 as built

condition of a part or material sample that did not receive any treatment after
completion of the AM build job

3.2.2 build job configuration

design of the part, its location, the number of the part(s) and witness specimens,
in addition to supporting strategy in the build volume

3.2.3 build job

single complete operation of the powder bed fusion process to create objects in
the powder bed

NOTE  Multiple objects are commonly created during a
build job.

[adopted from NASA MSFC 3717]

3.24 structural part
declaration by the design authority of an application to be structural or non-
structural
NOTE The term “structural design” is defined in clause
3.244 of ECSS-E-ST-32 and can give some
guidelines on how to declare an application
structural or non-structural.
3.2.5 fatigue critical part

declaration by the design authority of a part to be fatigue critical or not

NOTE  Typical cases are where fatigue loads are a
significant factor in the design and verification
process.
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3.2.6 post process operations

action(s) performed after completion of the build job

3.2.7 powder lot

one quantity of powder manufactured in one continuous operation

3.2.8 powder batch
some quantity of a powder lot

NOTE When a large quantity of powder is procured
(from the same powder lot), the powder lot is
often split into different batches. Different
batches can be blended, but they all originate
from the same powder lot.
3.2.9 re-verification

repetition of a verification program or parts of it

NOTE The conditions are specified in clause 7.6.

3.210 end-to-end manufacturing process

process of producing AM parts, including any pre- and post-processing

3.2.11 overlap zone

part of the build volume of an AM machine, where sub-volumes of parts are built
by two or more lasers or electron beams

3.212 evenly distributed in the build volume

distributed such that locations in the x-y plane, but also in z-direction up to the
maximum height of the part to be built are covered

3.213 manufacturing supports

mechanical connections to limit parts distortion and to allow heat transfer during
manufacturing

3.3 Abbreviated terms

For the purpose of this Standard, the abbreviated terms and symbols from ECSS-
S-ST-00-01 and the following apply:

Abbreviation Meaning

AM additive manufacturing

AMP additive manufacturing procedure

AMVP additive manufacturing verification plan
AMVR additive manufacturing verification report
AQL acceptance quality level

ASTM American Society for Testing and Materials
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Abbreviation
CDR
CoC
DI
DRD
E-PBF
ECSS
EDS
EIDP
ELI
FM
Ftu
Fty
GSTP
HFP
HIP
HP
HPR
IPA
ISO
LBB
L-PBF
MMPDS

MOC
mPBF
MPD
MRR
NCR
NDT
OEM
PAC
pAMP
PBF
pHFP
PMCR
PVP

EN 16602-70-80:2021 (E)

Meaning

critical design review

certificate of compliance

de-ionised

document requirements definition
Electron Beam Powder Bed Fusion
European Cooperation for Space Standardization
energy-dispersive spectrometry

end item data pack

extra low interstitials

flight model

ultimate tensile strength

yield strength

general support technology program
hardware fabrication procedure

hot isostatic pressing

hardware production

hardware production report
isopropyl alcohol

International Organisation for Standardisation
leak before burst

Laser Powder Bed Fusion

Metallic Materials Properties Development and
Standardization

molecular contamination

metal powder bed fusion

materials properties database
manufacturing readiness review
nonconformance report

non-destructive testing

original equipment manufacturer
particulate contamination

preliminary additive manufacturing procedure
powder bed fusion

preliminary hardware fabrication procedure
preliminary manufacturing concept review

prototype verification plan
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Abbreviation Meaning

PVR prototype verification report
RFA request for approval

RFW request for waiver

SEM scanning electron microscope
SPC statistical process control
X-Ray CT x-ray computed tomography

3.4 Nomenclature

The following nomenclature applies throughout this document:

a. The word “shall” is used in this Standard to express requirements. All the
requirements are expressed with the word “shall”.

b. The word “should” is used in this Standard to express recommendations.
All the recommendations are expressed with the word “should”.

NOTE It is expected that, during tailoring,
recommendations in this document are either
converted into requirements or tailored out.

c. The words “may” and “need not” are used in this Standard to express
positive and negative permissions, respectively. All the positive
permissions are expressed with the word “may”. All the negative
permissions are expressed with the words “need not”.

d. The word “can” is used in this Standard to express capabilities or
possibilities, and therefore, if not accompanied by one of the previous
words, it implies descriptive text.

NOTE In ECSS “may” and “can” have completely

different meanings: “may” is normative
(permission), and “can” is descriptive.

e. The present and past tenses are used in this Standard to express statements
of fact, and therefore they imply descriptive text.
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4
Principles

41 General

Producing parts through metallic Powder Bed Fusion technologies occurs
frequently during the manufacture of parts for space applications.

This Standard specifies the necessary requirements to perform metallic Powder
Bed Fusion processes for space applications (see Figure 4-1). Firstly, it is
comprised of three phases, as they typically occur during the development of
additively produced space hardware:

1. Within the AM definition phase, hardware requirements are
reviewed and compared with AM manufacturing constraints,
allowing for an early assessment of the feasibility of the envisaged
AM project. At this stage, it is clarified, whether or not an existing,
verified AMP is applicable for the intended application. If this is the
case, the verification on specimen level in point 2 is not repeated,
but the verification on part level is then the next step.

2. The aim of the verification phase is to verify the AM end-to-end
process through a dedicated test campaign on specimen and part
level. The verification on specimen-level results in the approved
AMP. The HFP then summarises this two-stage verification on
prototype-level and constitutes the basis for any hardware
production. The intent of the AMP is to describe the intrinsic
material properties and can therefore also be used for other designs.

3. In the hardware production phase, the hardware is produced
according to the HFP. The success of manufacturing and inspection
is described in the HPR.

Additive Manufacturing processes are considered critical (see the definition of a
critical process in ECSS-Q-ST-70) and many factors are known to have a
substantial influence on the properties of the final product. Therefore, after the
here above described development phases, three clauses, namely clause 9 “AM
operation and supervision personnel”, 10 “Equipment and facilities”, and 11
“Quality assurance” address the suitability of operating and supervision
personnel, the applied equipment and facilities and define quality assurance
requirements.
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5
General

5.1 Referential axis definition

a. The standard axis shall be specified in accordance with EN ISO ASTM
52921:2016.

b. The gas flow over the powder bed as well as the recoating direction shall
be specified, using the referential axis definition.

c. The Z-axis shall be perpendicular to the build platform, as specified in
Figure 5-1.

d. The X-axis shall be perpendicular to the z axis and parallel to the front side
of the machine.

e. The positive direction shall be left to right, as specified in Figure 5-1.

f. The positive Y-axis shall be perpendicular to the Z and X-axis front to back.

+£
Build volume A

arigin (0,0,0)

Build
platicrm

Front of machine

Figure 5-1 Definition of coordinate system [source: EN ISO ASTM 52921:2016]

5.2 Safety classification of AM parts

5.2.1 Overview

Additively manufactured parts for space applications are classified into four
classes according to their function and requirements using safety categories (see
clause 5.2.2).

Different considerations are made for the classification.

For example, loaded parts subjected to a maximum Von Mises stress > 50 % of
the yield strength (Fty in tensile) or > 25 % of the ultimate strength (Ftu in tensile)
of the material, or if in human spaceflight and subjected to fracture control, are
likely considered structural in this context.

Another example is pressurized hardware designed primarily for the storage of
pressurized fluid with an energy level greater than or equal to 19310 Joule, or
with an internal pressure greater than or equal to 0,69 MPa, or which can create
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a hazard (if released) are also likely considered structural. Items with an energy
level below 19310 Joule can still be considered as structural, unless for instance
verified as Leak Before Burst (LBB), to mitigate the risk of catastrophic rupture
(see ECSS-E-ST-32-01), although those are sometimes still considered safety
critical, even if not fracture critical.

5.2.2 Definition of AM safety classes

5.2.2.1 Safety Class 1.1 parts

Are considered critical and structural. Failure of a Class 1.1 part results in a
loss of spacecraft, major components, loss of life, or loss of control of the
spacecraft.

5.2.2.2 Safety Class 1.2 parts

Are critical, but non-structural. Failure of a Class 1.2 part results in loss of
spacecraft, major components, loss of life, or loss of control of the spacecraft.

5.2.2.3 Safety Class 2 parts

Are non-critical but structural. Their failure can reduce the efficiency of the
system but not cause the loss of the spacecraft.

5.2.2.4 Safety Class 3 parts

Are non-critical and non-structural and are contained so that failure does not
affect other flight elements. These parts require minimal integrity verification,
the controls are mainly visual.

5.2.3 Requirement

a. The customer and the design authority shall agree on a safety class for the
intended product, as specified in Table 5-1.

Table 5-1: Safety classes

Structural Non-structural
Critical Class 1.1 Class 1.2
Non-critical Class 2 Class 3

5.3 Multiple laser systems

a. If AM systems with multiple lasers are used, means to test the overlap
zone(s) of lasers shall be implemented.

b. If AM machines with multiple interacting lasers are used, all laser
interaction areas, including the overlap zone(s) shall be assessed by
testing.
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NOTE The intention is to build test specimens, which
are built by two lasers to assess the interface zone
of these.

5.4 Family of parts

541 Overview

The intention of this clause is to allow for design modifications, of a previously
verified design, which are not expected to have an impact on the manufacturing
stability nor on the final properties of the part without going through a full
verification.

5.4.2 Requirements

a. If design modifications are performed on parts which have previously
been verified in compliance with requirement 7.5.4a, the supplier may
propose to re-use the PVR of the initial design, to create a new HFP.

b. The new HFP, specified in requirement 5.4.2a, which then does not
undergo full verification, shall be submitted to the customer for approval.

5.5 Acceptance criteria

a. Acceptance criteria for all tests shall be specified prior to entering the
prototype verification phase.
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6
AM definition phase

6.1 Overview

The aim of the AM definition phase is to converge to a preliminary
manufacturing concept, allowing for an early assessment of the envisaged AM
project. Conducting a feasibility study before starting the AM definition phase
intends to help identifying critical aspects at an early stage.

6.2 Input for AM definition phase

6.2.1 Overview

Requirements are defined in order to be able to converge to a preliminary
manufacturing concept.

Requirements can refer to: mission and purpose of the part, functionality,
applicable safety class, geometry of the part, interface location, thermal and
mechanical loading, acceptance criteria for defects, cleanliness aspects, surface
conditions, inspectability, etc.

Changes or additions of basic requirements at a later stage of the project can
drastically reduce the performance of a part or in worst case require a complete
redesign potentially leading to higher cost and effort in the subsequent phases.
The design can be developed through co-engineering meetings between the
customer, the supplier, and its major partners for post-processing.

This can include the addition of material to ease e.g. milling, which is removed
before delivery, but can impact the surface finish. Areas for marking and the
associated technique(s) can also be discussed during these meetings.

6.2.2 Requirement

a. AM manufacturing constraints shall be iterated with requirements, which
are applicable to the part to be built, to converge to an AM end-to-end
process.

NOTE1 AM manufacturing constraints can refer to:
design allowables of the MPD, safety class, build
volume, feature sizes (e.g. thin walled
structures) maximum buildable overhang,
availability of feedstock, post processing
constraints (e.g. accessibility, clamping), the
removal strategy for powder and manufacturing
supports.
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NOTE 2 Cleanliness requirements which also address
cleanability of the part, can significantly
influence the design.

NOTE 3 Violated AM design constraints in the AM
definition phase can lead to a complete redesign
or in worst case to abandonment of the AM
concept and to higher cost and effort in the
verification phase.

6.3 Preliminary Manufacturing Concept Review (PMCR)

a. As a result from the AM definition phase, a Preliminary Manufacturing
Concept Review (PMCR) shall be performed.

b. The minimum content of the PMCR shall be in accordance with the DRD
from Annex A.

C. If the customer declares the PMCR successful, the supplier shall proceed
with further development.
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