
EESTI STANDARD EVS-EN 16602-70-80:2021

Space product assurance - Processing and quality
assurance requirements for metallic powder bed
fusion technologies for space applications

This document is a preview generated by EVS



EVS-EN 16602-70-80:2021

Tagasisidet standardi sisu kohta on võimalik edastada, kasutades EVS-i veebilehel asuvat tagasiside vormi
või saates e-kirja meiliaadressile standardiosakond@evs.ee.

ICS 49.025.99, 49.140

Standardite reprodutseerimise ja levitamise õigus kuulub Eesti Standardimis- ja Akrediteerimiskeskusele

Andmete paljundamine, taastekitamine, kopeerimine, salvestamine elektroonsesse süsteemi või edastamine ükskõik millises vormis või
millisel teel ilma Eesti Standardimis- ja Akrediteerimiskeskuse kirjaliku loata on keelatud.

Kui Teil on küsimusi standardite autoriõiguse kaitse kohta, võtke palun ühendust Eesti Standardimis- ja Akrediteerimiskeskusega:
Koduleht www.evs.ee; telefon 605 5050; e-post info@evs.ee

The right to reproduce and distribute standards belongs to the Estonian Centre for Standardisation and Accreditation

No part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying,
without a written permission from the Estonian Centre for Standardisation and Accreditation.

If you have any questions about standards copyright protection, please contact the Estonian Centre for Standardisation and Accreditation:
Homepage www.evs.ee; phone +372 605 5050; e-mail info@evs.ee

EESTI STANDARDI EESSÕNA

II

 NATIONAL FOREWORD

See Eesti standard EVS-EN 16602-70-80:2021
sisaldab Euroopa standardi EN
16602-70-80:2021 ingliskeelset teksti.

This Estonian standard EVS-EN 16602-70-80:2021
consists of the English text of the European
standard EN 16602-70-80:2021.

Standard on jõustunud sellekohase teate
avaldamisega EVS Teatajas.

Euroopa standardimisorganisatsioonid on teinud
Euroopa standardi rahvuslikele liikmetele
kättesaadavaks 22.12.2021.

This standard has been endorsed with a
notification published in the official bulletin of the
Estonian Centre for Standardisation and
Accreditation.

Date of Availability of the European standard is
22.12.2021.

Standard on kättesaadav Eesti Standardimis- ja
Akrediteerimiskeskusest.

The standard is available from the Estonian Centre
for Standardisation and Accreditation.

This document is a preview generated by EVS

www.evs.ee
/C:UsersgerliDesktopinfo@evs.ee
http://www.evs.ee/


 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 

 
EUROPEAN STANDARD 

NORME EUROPÉENNE 

EUROPÄISCHE NORM 

	
	 EN 16602-70-80 
  

 
 December 2021 

ICS 49.025.99; 49.140     

English version 

 Space product assurance - Processing and quality 
assurance requirements for metallic powder bed fusion 

technologies for space applications 

 

Assurance produit des projets spatiaux - Exigences de 
traitement et d'assurance qualité pour les technologies 

de fusion sur lit de poudre métallique pour 
applications spatiales 

 Raumfahrtproduktsicherung - Verarbeitungs- und 
Qualitätssicherungsanforderungen für metallische 

Pulver-Bett-Fusions-Technologien für 
Weltraumanwendungen 

This European Standard was approved by CEN on 5 December 2021.  
 
CEN and CENELEC members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for 
giving this European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical 
references concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to 
any CEN and CENELEC member. 
 
This European Standard exists in three official versions (English, French, German). A version in any other language made by 
translation under the responsibility of a CEN and CENELEC member into its own language and notified to the CEN-CENELEC 
Management Centre has the same status as the official versions. 
 
CEN and CENELEC members are the national standards bodies and national electrotechnical committees of Austria, Belgium, 
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, 
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia, 
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom. 
 
 
 

CEN-CENELEC Management Centre: 
Rue de la Science 23, B-1040 Brussels 

© 2021 CEN/CENELEC All rights of exploitation in any form and by any means 
reserved worldwide for CEN national Members and for 
CENELEC Members. 

Ref. No. EN 16602-70-80:2021 E

This document is a preview generated by EVS



EN 16602-70-80:2021 (E) 

2 

Table of contents 

European Foreword .......................................................................................... 9 

Introduction ..................................................................................................... 10 

1 Scope ............................................................................................................ 11 

2 Normative references .................................................................................. 12 

3 Terms, definitions and abbreviated terms ................................................. 13 

3.1 Terms from other standards ........................................................................... 13 

3.2 Terms specific to the present standard .......................................................... 13 

3.3 Abbreviated terms.......................................................................................... 14 

3.4 Nomenclature ................................................................................................ 16 

4 Principles ..................................................................................................... 17 

4.1 General .......................................................................................................... 17 

5 General ......................................................................................................... 19 

5.1 Referential axis definition ............................................................................... 19 

5.2 Safety classification of AM parts .................................................................... 19 

5.2.1 Overview .......................................................................................... 19 

5.2.2 Definition of AM safety classes......................................................... 20 

5.2.3 Requirement .................................................................................... 20 

5.3 Multiple laser systems ................................................................................... 20 

5.4 Family of parts ............................................................................................... 21 

5.4.1 Overview .......................................................................................... 21 

5.4.2 Requirements ................................................................................... 21 

5.5 Acceptance criteria ........................................................................................ 21 

6 AM definition phase .................................................................................... 22 

6.1 Overview ....................................................................................................... 22 

6.2 Input for AM definition phase ......................................................................... 22 

6.2.1 Overview .......................................................................................... 22 

6.2.2 Requirement .................................................................................... 22 

6.3 Preliminary Manufacturing Concept Review (PMCR) ..................................... 23 

EVS-EN 16602-70-80:2021

This document is a preview generated by EVS



EN 16602-70-80:2021 (E) 

3 

7 Verification phase ........................................................................................ 24 

7.1 Overview ....................................................................................................... 24 

7.2 Establishment of pAMP ................................................................................. 24 

7.2.1 Feedstock ........................................................................................ 24 

7.2.2 Establishment of work processing windows including post 
processing ....................................................................................... 24 

7.2.3 Preliminary Additive Manufacturing Procedure (pAMP) .................... 25 

7.3 Verification on specimen- (AMP), and prototype-level (HFP) ......................... 25 

7.4 Additive Manufacturing Verification Plan (AMVP) .......................................... 26 

7.4.1 Overview .......................................................................................... 26 

7.4.2 Safety class 1.1, 1.2, and class 2 ..................................................... 26 

7.4.3 Safety class 3 ................................................................................... 27 

7.4.4 Reporting ......................................................................................... 28 

7.5 Prototype verification Plan (PVP) ................................................................... 28 

7.5.1 General ............................................................................................ 28 

7.5.2 Safety classes 1.1, 1.2, and 2 .......................................................... 28 

7.5.3 Safety class 3 ................................................................................... 30 

7.5.4 Reporting ......................................................................................... 30 

7.6 Re- verification of AM machines .................................................................... 30 

7.6.1 Overview .......................................................................................... 30 

7.6.2 Requirements ................................................................................... 30 

7.7 Machine pause .............................................................................................. 31 

7.7.1 Overview .......................................................................................... 31 

7.7.2 Requirements ................................................................................... 31 

7.8 Repair ............................................................................................................ 31 

7.9 Manufacturing supports ................................................................................. 32 

7.10 Parts cleaning ................................................................................................ 32 

7.11 Documentation .............................................................................................. 32 

7.12 Manufacturing Readiness Review (MRR) ...................................................... 32 

8 Hardware production................................................................................... 33 

8.1 Overview ....................................................................................................... 33 

8.2 Requirements for hardware production .......................................................... 33 

8.2.1 General ............................................................................................ 33 

8.2.2 Process interruption ......................................................................... 33 

8.2.3 Manufacture of hardware and witness samples ................................ 33 

8.3 Testing of witness samples ............................................................................ 34 

8.3.1 Tensile testing .................................................................................. 34 

EVS-EN 16602-70-80:2021

This document is a preview generated by EVS



EN 16602-70-80:2021 (E) 

4 

8.3.2 Full height blanks ............................................................................. 34 

8.3.3 Powder capture sample ................................................................... 35 

8.4 Inspection of hardware .................................................................................. 35 

8.4.1 Non-destructive techniques .............................................................. 35 

8.5 Reporting ....................................................................................................... 37 

9 AM operation and supervision personnel ................................................. 38 

9.1 Overview ....................................................................................................... 38 

9.2 AM supervisor ................................................................................................ 38 

9.3 Qualification and certification of AM operators ............................................... 38 

9.3.1 Laser based Powder Bed Fusion processes .................................... 38 

9.3.2 Electron Beam based Powder Bed Fusion processes ...................... 39 

9.4 Qualification and certification of personnel for NDT ....................................... 39 

9.5 Safety of Personnel ....................................................................................... 39 

10 Equipment and facilities ........................................................................... 40 

10.1 Overview ....................................................................................................... 40 

10.2 Conditions for facilities ................................................................................... 40 

10.3 Laser based equipment calibration ................................................................ 40 

10.4 Electron beam based equipment calibration .................................................. 40 

10.4.1 Frequency ........................................................................................ 40 

10.4.2 Calibration protocol description ........................................................ 40 

10.5 Maintenance and repair ................................................................................. 41 

10.5.1 Maintenance of laser based machines ............................................. 41 

10.5.2 Maintenance of electron beam based machines .............................. 42 

10.5.3 Repair .............................................................................................. 43 

10.6 Materials and consumables ........................................................................... 44 

10.6.1 Management of powder ................................................................... 44 

10.6.2 Tooling and features ........................................................................ 44 

10.6.3 Gases .............................................................................................. 44 

10.6.4 Cleaning of machines ....................................................................... 45 

11 Quality assurance ...................................................................................... 46 

11.1 Configuration control ...................................................................................... 46 

11.2 Maintenance of AM procedure ....................................................................... 46 

11.2.1 Overview .......................................................................................... 46 

11.2.2 Requirements ................................................................................... 46 

11.3 Statistical Process Control ............................................................................. 46 

11.3.1 Materials Properties Database (MPD) .............................................. 46 

EVS-EN 16602-70-80:2021

This document is a preview generated by EVS



EN 16602-70-80:2021 (E) 

5 

11.4 Quality control ................................................................................................ 47 

11.4.1 Reference and witness samples....................................................... 47 

11.4.2 Documentation of manufacturing ...................................................... 47 

11.4.3 Anomalies and non-conformances occurring during the AM 
process ............................................................................................ 47 

11.5 Auditing ......................................................................................................... 47 

11.6 End Item Data Pack ....................................................................................... 47 

12 Testing of AM materials and parts ........................................................... 48 

12.1 Overview ....................................................................................................... 48 

12.2 Powder capture sample ................................................................................. 48 

12.2.1 Overview .......................................................................................... 48 

12.2.2 Requirement .................................................................................... 48 

12.3 NDT for AM.................................................................................................... 48 

12.4 Density testing ............................................................................................... 49 

12.4.1 Overview .......................................................................................... 49 

12.4.2 Requirements ................................................................................... 50 

12.5 Destructive testing ......................................................................................... 50 

12.5.1 Metallography .................................................................................. 50 

12.5.2 Tensile testing .................................................................................. 52 

12.5.3 Fatigue testing ................................................................................. 53 

13 Powders ...................................................................................................... 54 

13.1 Testing of powders ........................................................................................ 54 

13.2 Procurement .................................................................................................. 55 

13.3 Safe Handling ................................................................................................ 56 

13.4 Storage .......................................................................................................... 56 

13.5 Loading .......................................................................................................... 56 

13.6 Recycling ....................................................................................................... 56 

13.7 Blending ........................................................................................................ 57 

13.8 Disposal ......................................................................................................... 57 

Annex A (normative) Preliminary Manufacturing Concept Review (PMCR) - 
DRD ............................................................................................................. 58 

A.1 DRD identification .......................................................................................... 58 

A.1.1 Requirement identification and source document ............................. 58 

A.1.2 Purpose and objective ...................................................................... 58 

A.2 Expected response ........................................................................................ 58 

A.2.1 Scope and content ........................................................................... 58 

A.2.2 Special remarks ............................................................................... 58 

EVS-EN 16602-70-80:2021

This document is a preview generated by EVS



EN 16602-70-80:2021 (E) 

6 

Annex B (normative) Additive Manufacturing Procedure (AMP) - DRD ..... 59 

B.1 DRD identification .......................................................................................... 59 

B.1.1 Requirement identification and source document ............................. 59 

B.1.2 Purpose and objective ...................................................................... 59 

B.2 Expected response ........................................................................................ 59 

B.2.1 Scope and content ........................................................................... 59 

B.2.2 Additional requirements for various AM processes ........................... 60 

B.2.3 Special remarks ............................................................................... 61 

Annex C (normative) AM verification plan (AMVP) - DRD ........................... 62 

C.1 DRD identification .......................................................................................... 62 

C.1.1 Requirement identification and source document ............................. 62 

C.1.2 Purpose and objective ...................................................................... 62 

C.2 Expected response ........................................................................................ 62 

C.2.1 Scope and content ........................................................................... 62 

C.2.2 Special remarks ............................................................................... 62 

Annex D (normative) AM Verification Report (AMVR) – DRD ..................... 63 

D.1 DRD identification .......................................................................................... 63 

D.1.1 Requirement identification and source document ............................. 63 

D.1.2 Purpose and objective ...................................................................... 63 

D.2 Expected response ........................................................................................ 63 

D.2.1 Scope and content ........................................................................... 63 

D.2.2 Special remarks ............................................................................... 63 

Annex E (normative) Hardware Fabrication Procedure (HFP) - DRD ......... 64 

E.1 DRD identification .......................................................................................... 64 

E.1.1 Requirement identification and source document ............................. 64 

E.1.2 Purpose and objective ...................................................................... 64 

E.2 Expected response ........................................................................................ 64 

E.2.1 Scope and content ........................................................................... 64 

E.2.2 Special remarks ............................................................................... 64 

Annex F (normative) Hardware Production Report (HPR) - DRD ............... 65 

F.1 DRD identification .......................................................................................... 65 

F.1.1 Requirement identification and source document ............................. 65 

F.1.2 Purpose and objective ...................................................................... 65 

F.2 Expected response ........................................................................................ 65 

F.2.1 Scope and content ........................................................................... 65 

F.2.2 Special remarks ............................................................................... 65 

EVS-EN 16602-70-80:2021

This document is a preview generated by EVS



EN 16602-70-80:2021 (E) 

7 

Annex G (normative) Prototype Verification Plan (PVP) - DRD .................. 66 

G.1 DRD identification .......................................................................................... 66 

G.1.1 Requirement identification and source document ............................. 66 

G.1.2 Purpose and objective ...................................................................... 66 

G.2 Expected response ........................................................................................ 66 

G.2.1 Scope and content ........................................................................... 66 

G.2.2 Special remarks ............................................................................... 66 

Annex H (normative) Prototype Verification Report (PVR) - DRD .............. 67 

H.1 DRD identification .......................................................................................... 67 

H.1.1 Requirement identification and source document ............................. 67 

H.1.2 Purpose and objective ...................................................................... 67 

H.2 Expected response ........................................................................................ 67 

H.2.1 Scope and content ........................................................................... 67 

H.2.2 Special remarks ............................................................................... 67 

Annex I (normative) Powder Management Plan (PMP) - DRD ..................... 68 

I.1 DRD identification .......................................................................................... 68 

I.1.1 Requirement identification and source document ............................. 68 

I.1.2 Purpose and objective ...................................................................... 68 

I.2 Expected response ........................................................................................ 68 

I.2.1 Scope and content ........................................................................... 68 

I.2.2 Special remarks ............................................................................... 68 

Annex J (informative) Template for auditing ................................................ 69 

J.1.2 Special remarks ............................................................................... 74 

Annex K (informative) Example of a Materials Properties Database 
(MPD) ........................................................................................................... 75 

Bibliography .................................................................................................... 76 

 
Figures 
Figure 4-1: Flow chart showing the steps required to establish a verified metallic 

Powder Bed Fusion process and consequently to produce hardware ........ 18 

Figure 5-1 Definition of coordinate system [source: EN ISO ASTM 52921:2016] ......... 19 

Figure 12-1: Melt pool measurement concept [Image and concept: adopted from NASA 
MSFC-SPEC-3717] ................................................................................... 52 

 
Tables 
Table 5-1: Safety classes ............................................................................................ 20 

EVS-EN 16602-70-80:2021

This document is a preview generated by EVS



EN 16602-70-80:2021 (E) 

8 

Table 7-1: Pre-verification test matrix .......................................................................... 25 

Table 7-2: Test methods for class 1.1, 1.2, and class 2 parts ...................................... 27 

Table 7-3: Test methods for prototypes, and witness samples for safety classes 1.1, 
1.2, and 2 .................................................................................................. 29 

Table 7-4: Test methods for prototypes, and witness specimens for safety class 3 ..... 30 

Table 8-1: Overview of witness samples to be produced with hardware ...................... 33 

Table 8-2: Overview of non-destructive tests for AM hardware .................................... 36 

 

Table J-1 : Audit template ............................................................................................ 69 

Table K-1 : Example of a Materials Properties Database ............................................. 75 

 
 

EVS-EN 16602-70-80:2021

This document is a preview generated by EVS



EN 16602-70-80:2021 (E) 

9 

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-S-ST-00. 

EVS-EN 16602-70-80:2021

This document is a preview generated by EVS



EN 16602-70-80:2021 (E) 

11 

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-S-ST-00-01 ECSS system – Glossary of terms 

EN 16603-32 ECSS-E-ST-32 Space engineering - Structural general requirements 

EN 16602-10-09 ECSS-Q-ST-10-09 Space product assurance - Nonconformance control 
system 

EN 16602-20 ECSS-Q-ST-20 Space product assurance - Quality assurance 

EN 16602-70 ECSS-Q-ST-70 Space product assurance - Materials, mechanical 
parts and processes 

EN 16602-70-15 ECSS-Q-ST-70-15 Space product assurance - Non-destructive testing  

EN 16602-70-45 ECSS-Q-ST-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 
52921:2016 

Standard terminology for additive manufacturing - 
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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