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Introduction 

In traditional manufacturing, process qualification refers to tested validation data that 
ensures a specific manufacturing process can provide a consistent result.  
 
For Additive Manufacturing (AM), qualifying the process is essential to create parts that 
meet specific requirements without adding prohibitive testing and sampling costs. 
 
A validated AM process allows customers to know that their chemical, mechanical, and 
metallurgical specifications as well as complex geometries can be achieved consistently 
within specification limits. 
 
The combination of equipment, powder, and process + part and regulatory requirements 
makes qualification a challenging task due to the high number of input variables. 
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Today´s Agenda 

How to 
Validate  
a Medical 
Device? 

Qualification 
framework 

Outlook 

Deep Dive  
Lattice Validation  

Process  
Validation 

Part  
Validation 

Timeline 
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Application 
Examples  
of AM in the 
Medical Industry  

Additive Manufacturing (AM)  
is spreading into serial production 

Source: Alphaform, Instrumentaria, plus medica OT, Argen, DePuy Spine, Permedica Orthopaedics 
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AM Specific Standards  

ASTM 52900 

ASTM F3049 

ASTM F3091 

ASTM F3055 ASTM F3001 

ASTM 52915 

ISO17296 

ASTM F3184 

ASTM F3122 

ASTM F3056 

ASTM F2924 

ISO 3923 

ISO 3953 ISO 4490 

ISO 4497 

Production Standards  

ASTM E8 
ASTM F152 

ISO 22514 

EN2082 

ISO 2768 

ISO 6506 ISO 6507 

ISO 6508 ISO 6892 

ISO 12106 ISO 12107 

ISO 12111 

ISO 12135 

ISO 3951 

ISO 7438 

DIN 50125 

RoHS 

Medical  
Specific Industry Standards 

ISO 14971 ISO 14801 

ISO 15223 ISO 16054 

ISO 16061 ISO 21534 

ISO 22674 

IEC 60601 

MDD 

General 
Medical Quality 

Standards 

 ISO 13485  ISO 9001 

21CFR820 

Standard and  
regulatory  
framework for  
AM processes  
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Latest DIN Norm 

Source: DIN Deutsches Institut für Normung e. V. 
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VALIDATION:  
A REGULATORY REQUIREMENT ACCROSS THE BOARD 

FDA (21 CFR 820): 
“Where the results of a process cannot be fully verified by subsequent inspection and test, the 
process shall be validated with a high degree of assurance and approved according to established 
procedures.“ 

 
ISO 13485:2016 
“The organization shall validate any processes for production and service provision where the 
resulting output cannot be or is not verified by subsequent monitoring or measurement and, as a 
consequence, deficiencies become apparent only after the 
product is in use or the service has been delivered”. 

 
AS9100D (8.5.1.2) 
For processes where the resulting output cannot be verified by subsequent monitoring or 
measurement, the organization shall establish arrangements for these processes 
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Today´s Agenda 

Qualification 
framework 

Part  
Validation 

510(k) submission 

PMA submission 

Lattice requirements  

Outlook 

Deep Dive  
Lattice Validation  

How to 
Validate  
a Medical 
Device? 

Timeline 

Process  
Validation 
Global Harmonization 
Task Force (GHTF) 
QMS – Process 
Validation Guidance 

 IQ, OQ, PQ  
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Operational  
Qualification (OQ) 
 Process control limits 

 Risk Assessments and mitigations 

 Material handling requirements 

Installation  
Qualification (IQ) 
 Safety features 

 Verification of utilities and facility  

Factory  
Acceptance Test (FAT) 
 Functional Test 

 Conformity Check  

Performance  
Qualification (PQ) 
 Reproducibility and repeatability 

 Process Quality Monitoring 

  

Process for the development of qualified AM processes 
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Installation Qualification (IQ)  

… establishes, by objective evidence, that all key aspects of the 
process equipment and ancillary system installations adhere to the 
manufacturer’s approved specification and that the 
recommendations of the supplier of the equipment are suitably 
considered.  
Additionally, IQ determines, through documented evidence, that all 
systems and equipment are installed correctly. 
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Operational Qualification (OQ) 

… establishes, by objective evidence, that the equipment process control 
limits meet all predetermined requirements by challenging the limits to 
provide evidence that the predetermined process output requirements 
can meet the predetermined requirements. 
Additionally, OQ determines through documented evidence, that the 
equipment process control limits meet all predetermined requirements. 

Operational Qualification (OQ) provides in general the evidence that 
equipment and processes are working well within the defined ranges 



A d d i t i v e  M i n d s  |   EOS   | 12 

Performance Qualification (PQ) 

… establishes, by objective evidence, that a process consistently 
produces a result and/or product that meets the predetermined 
requirements (reproducible and repeatable). Additionally, the objective 
of PQ is to demonstrate that the process will consistently produce an 
acceptable product under normal operating conditions.  
Furthermore, PQ testing should always take place at nominal process 
conditions. Moreover, PQ samples should always be taken from the 
product lot(s) representative of production. 

Performance Qualification (PQ) provides the evidence in special that 
equipment and process are working well within the defined ranges and 
specific parts under condition of serial production 
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Requirements for a capable production process 

Technology (TRL) Readiness Level 

 

TRL 2 TRL 1 TRL 3 TRL 4 TRL 5 TRL 6 TRL 7 TRL 8 TRL 9 

TRL 1: Basic principles observed and reported 
TRL 2: Technology concept and/or application formulated 
TRL 3: Analytical and experimental critical function and/or characteristic proof of concept 
TRL 4: Component and/or breadboard validation in a laboratory environment 
 

TRL 5: Component and/or breadboard validation in a relevant environment 

TRL 6: System/subsystem model or prototype demonstration in a relevant environment 

TRL 7: System prototype demonstration in an operational environment 

TRL 8: Actual system completed and qualified through test and demonstration 

TRL 9: Actual system proven through successful mission operations 
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Requirements for a capable production process 

Manufacturing (MRL) Readiness Level 

 

MRL 2 MRL 1 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10 

MRL 1: Basic Manufacturing Implications Identified  
MRL 2: Manufacturing Concepts Identified 
MRL 3: Manufacturing Proof of Concept Developed 
MRL 4: Capability to produce the technology in a laboratory environment 
 

MRL 5: Capability to produce prototype components in a production relevant environment  

MRL 6: Capability to produce a prototype system or subsystem in a production relevant environment  

MRL 7: Capability to produce systems, or components in a production representative environment  

MRL 8: Pilot line capability demonstrated; Ready to begin Low Rate Initial Production  

MRL 9: Low rate production demonstrated; Capability in place to begin Full Rate Production  

MRL 10: Full Rate Production demonstrated and lean production practices in place  
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Requirements for a capable production process 

Technology (TRL) & Manufacturing (MRL) Readiness Level 

 

MRL 2 MRL 1 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10 

TRL 2 TRL 1 TRL 3 TRL 4 TRL 5 TRL 6 TRL 7 TRL 8 TRL 9 

Operational Qualification (OQ)  

Performance 
Qualification (PQ)  

Statistical Process 
Control (SPC) 
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Key Requirements of Manufacturing readiness level 
(MRL) for OQ 

Capability to produce initial 
prototype components in a 
production relevant environment 

Capability to produce a 
prototype in a production  
representative environment. 

• Design for Manufacturing done 
• KC mitigation plan developed 
• Machine Capability estimated 
• Quality metrics identified 
• Acceptance tests defined 
• Process FMEA done 
• Materials specified and validated 

Technology  
maturation  

and risk  
reduction 

MRL 2 MRL 1 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10 



A d d i t i v e  M i n d s  |   EOS   | 17 

Key Requirements of Manufacturing readiness level 
(MRL) for OQ 

MRL 2 MRL 1 MRL 3 MRL 4 MRL 7 MRL 8 MRL 9 MRL 10 MRL 2 MRL 1 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10 

Milestone C 

Pilot line capability 
demonstrated. Ready to 
begin low rate production 

Capability to produce in a 
production representative 
environment. 

• Detailed design completed and frozen 
• Test/Inspection equipment proven (MSA) 
• Machine Capability Analysis started 
• All identified manuf. risks addressed 
• Work instructions prepared  
• Operators trained 
• Materials proven and validated 

Engineering  
and  

manufacturing  
development 
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Key Requirements of Manufacturing readiness level 
(MRL) for OQ 

MRL 2 MRL 1 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10 

Low rate production 
demonstrated. Capability in place 
to begin Full Rate Production 

MRL 2 MRL 1 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10 

Full rate production 
demonstrated and lean 
production practices in place 

• All manufacturing risks mitigated 
• Machine capability fully proven 
• Quality targets fully met 
• Quality issues occur rarely and unrepeated 
• Maintenance schedule fully implemented 
• Controlled processes implemented 

Full rate  
production 

Production, 
Deployment  
and Services 
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How to implement these requirements in 
an additive manufacturing environment? 
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Only a throughout assessment of all processes ensures qualified AM products 

Final  
Product 

The Building process is one of many steps in an AM 
process chain 

Source: EOS, Permedica, NMU.edu, Dreamstime.com, sgs.com, accuform, bodycote 

Incoming 
Inspection 
 Quality of gas 
and powder 

Ware-
housing 
 Powder 
handling 

Machine Setup 
 
• Filling of powder 
• Fitting of recoater 
• Flooding and 
Heating 

Building 
Process 
• Energy Density 
• Oxygen % 
• Flow Speed 
• Recoating 
thickness 

Unpacking 
& Cleaning 
• Removing of 
build platform 
• Sieving  
• Cleaning of 
machine 

Heat 
treatment 
 

• Tempering 
• Isostatic 
pressing 

 

Post Processing 
 
• Sampling and 
part testing 
• Machining and 
milling 

 

Data  
Preparation 
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Ensuring a qualified AM manufacturing process  

Source: EOS 

1a. Assessment of Process Steps and Flow 

 EOSINT M290
Maintenance and Inspection

Cooling system
Maintenance and Inspection

Recirculating 
system inspection

R
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EOS Service START

Annual Machine 
Maintenance?

Six monthly 
Inspection?

Monthly 
Inspection

Weekly 
Inspection?

Before Job start

Scheduling of 
Maintenance

Executing of 
scheduled tasks

Review of work

Record in Log Book

END

Cooling system 
air-water?

Replacement of 
water filter

Replacement of 
filter mat

Replacement of 
water filter cooling 

water

Replacement of 
water filter

Yes

No

No

No

No

Yes

Yes

No

Test of machine 
switch function

Test of emergency 
stop function

Test of safety circuit 
function

Record in Log Book

END

Yes
Cooling system 

air-water?
Yes

Check of water filter

Cleaning of 
condensor block

Check of water filter

Check of water filter 
cooling water

Check of air filter 
mat

Yes

No

Test of process door 
lock function

Check of power 
connection

Check of inert gas 
supply hose

Yes
Cooling system 

air-water?

Check of cooling 
water

Check of cooling 
water hoses

Check of air filter 
mat

Check of power 
connection

Check of 
connectorand 

connection of signal 
cable

Check of cooling 
water

Check of cooling 
water hoses

Check of power 
connection

Check of 
connectorand 

connection of signal 
cable

Yes

Yes

No
Recirculating 
filter system?

No

Empty Particle 
collecting bin

Replacement of 
cartridge filter

Replacement of fine 
filter

Yes

Checking of 
machine according 

Checklist set-up

Yes

END

No

O
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Critical Process 
Parameter

Approval

Self-Care?

Yes

Executing of 
scheduled tasks by 

EOS Service
No

Executing of safety 
tasks

Record of work

XYZ

ABC

C
u
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EO
S-

A
M

C

Review of work

Approval

Review of work

Approval

Record in Log Book

END

Review of work

Approval

Record in Log Book

END

Review of work

Approval

Record in Log Book

END

Review of work

Approval

Record in Log Book

END

Review of work

Approval

Record in Log Book

END

Material Flow Production Flow Data Flow

Report/Approval Flow Testing

START

Material Incoming

Incoming Inspetcion

Warehousing

Release from stock 
and deliver to 
working area

Data Preparation in 
Magics**

Support 
Generation**

Slicing of datas in 
Magics, RP-Tools, 
BuildProcessor, 

Streamics**

Import of Slice data 
into EOSPRINT**

Job  preparation in 
EOSPRINT**

Export to HCS**

Import CAD data 
from Design or 
customer into 

Magics**

Switching on of 
machine*

Check of material

Check of machine
Check of supporting 

media

Filling of dispenser 
duct*

Preparing of 
collector*

Fitting and adjusting 
of building platform 

and Recoater*

Heating of building 
platform*

Recoating of first 
layer*

Flooding*

Starting of job 
building*

Loading/Selection of 
build job data and 

applicable machine 
settings*

Sieving of powder 
manually*

Cleaning of 
machine*

Next build job?

Shut down of 
machine

Close supporting 
media support

No

END

Retain samples?

Filling of powder 
into container

No

Demount of build 
platform*

Heating
Thermal 

treatment?
Yes

Cutting or 
customized post 

processing

No

Template: Incoming 
Inspection

Record: Incoming 
Inspection

WI: Powder 
Handling and 
warehousing

WI Setting-up

Checklist: Setting-up

Record: Setting-up

Record: Setting-up

Yes

Report into 
Machine Log Book

Machine Log Book

Machine Log Book

Print out Job Quality 
Report

Print out Part 
Quality Report

Review of
- Record Setting-up

- Record Data 
Preparation

- Job Quality Report
- Part Quality 

Report
- Test report(s)

Reports are 
o.k.?

Approval of Reports

Implementation of 
Reports into 

Document System

Release of Parts

END

Yes

Quarantine of parts

Start 
Nonconforming 

Process

No

Laser Power 
Monitoring?

No

Performance of 
Laser Power 
Monitoring

Yes

Alu 200° No

Heating of building 
platform

Fitting and adjusting 
of building platform 

and Recoater

Yes

Visual inspection of 
parts and/or 

sacrificial parts

Dimensional testing 
of parts and/or 
sacrificial parts

Tensile testing of 
test parts and/or 
sacrificial parts

Test parts?

Strength testing of 
test parts and/or 
sacrificial parts

Yes

Generation of test 
report(s)

No

No

Testing

Checking data 
regarding CAD 

failures and 
triangulation**

WI Laser Power 
Monitoring

WI Data Preparation

Checklist: Data 
Preparation

Record: Data 
Preparation

Record: Data 
Preparation

Checklist Job and 
Part Approval

Record: Job and 
Part Approval

Documentation of 
Cycle No.

Documentation of 
Cycle No.

Yes

*according to WI Setting-up

Cleaning of 
chamber*

IPCM module?

No

Vacuum and 
sievieng of powder 
with IPCM module*

Yes

Next build job?

Archiving of retain 
samples

Yes

Yes

Retain samples?

Archiving of retain 
samples

Yes

**according to WI Data 
Preparation

Fixing of data in 
Magics**

Additive Minds prepare Process Flow Charts consisting of  

 Raw Material => Specification, Incoming Inspection, 
Material handling and Storage 

 Data Preparation 

 Setting-up the machine 

 Build Job 

 Monitoring 

 Cleaning 

 Post Processing 

 Testing 

 Documentation 

 Approval 

 Maintenance 
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Ensuring a qualified AM manufacturing process  

Source: EOS 

1b. Assessment of Key Characteristics 

 Additive Minds prepared Ishikawa Diagrams and Fault Tree 
Analysis (FTA) for AM consisting of 

 Part does not build  

 Part does not met specifications 

 No Part traceability  

 Health & Safety issues  

 Define failures, sub-causes and causes 

 Highlight the key characteristics 
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Ensuring a qualified AM manufacturing process  

Source: EOS 

2. Prioritise KCs within the AM-process  

 

 
Additive Minds prepare a Process-FMEA form for AM 
consisting of 

 Linked causes and sub-cause to every failure 

 Defined pre-mitigation by EOS 

 Initial risk evaluation 

 Recommended actions for further risk assessment 
with responsibilities and due date 

 Final risk evaluation 

 Pre-defined Control Plan  
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Ensuring a qualified AM manufacturing process  

Source: EOS 

3. Assign Control Methods 

 

 

 

Additive Minds conducts a “Critical-to-Quality” 
Workshop  to assess Key Characteristics: 

 Priorization of all Key Characteristics according to 
Additive minds knowhow 

 In-depth explanation of all KCs 

 Recommended for testing methods and limits 
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Ensuring a qualified AM manufacturing process  

Source: EOS 

4. Define Process control limits  

Additive Minds develop with the costumer test 
strategies for serial production based on static 
mechanical properties (tensile, density, porosity, 
hardness) and accuracy 

 Serial part geometries 

 Serial job layout 

 Defined acceptance criteria 

 Available measurement tools 

   

Additive Minds prepared a procedure for Process 
capability  

 Pp/Ppk analysis 

 Cp/Cpk analsysis 
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Ensuring a qualified AM manufacturing process  

Source: EOS 

5. Set required inspection lots (Statistical process control) 

 Additive Minds develops with the customer a Statistical 
Process Control (SPC) that consisting of  

 Defined control limits (UCL, LCL) 

 Defined pre-indications for out-of-control  

 Defined sample number 

 Defined Accepted-Quality-Level (AQL) 

Process Limits 

AQL-Level 

http://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiFyKXRn4bUAhWBWRQKHeN_BecQjRwIBw&url=http://www.processma.com/resource/spc.php&psig=AFQjCNET_yH5E3GyN0k9uNDnPcR4Kj9Mig&ust=1495636859189079
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Ensuring a qualified AM manufacturing process  

Source: EOS 

6. Control Key Requirements 

Additive Minds suport the development of an OQ 
Test Plan, by 

 Asking for evidence of implemented mitigations 

 Asking for evidence of implemented documents 

 Asking for evidence of training 

 Defining build parameter 

 Defining qualification build job 

 Defining test for built parts 

and 

 Executing OQ tests according to the Test Plan 

 Documenting results of the OQ tests 

 Approving the Operational Qualification (OQ) 



A d d i t i v e  M i n d s  |   EOS   | 28 

Ensuring a qualified AM manufacturing process  

Source: EOS, Beuth, Rehme 

Approach for implementation of key characteristics  

 

Process- FMEA 

Prioritise KCs  
within AM-process  

Assessment of  
Key Characteristics 

Process Map, 
Ishikawa Diagram,  
Fault Tree Analysis 

Assign Control 
Methods 

Critical to Quality 
Workshop (CTQ) 

Define Process 
control limits  

Machine Capability 
Analysis  

Set required 
inspection lots 

Statistical  
process control  

UCL 
CL 
LCL 

AQL-Level 

Process Limits 

Control Key 
Requirements 

Control Plan  
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Considerations  
for powder reuse  
in AM 

Process specifications for: Powder reuse in AM 

Definitions of powder states 

Key parameter for powder evaluation 

Blending strategies 

Definition of limits and test frequencies in serial production 

Powder storage and shelf live 
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Requirements for a capable production process 

The ISO 13485 requires e.g.: 

 Controlled part drawings and specifications 

 Material specification  

 Process Flow Charts   

 Risk Assessment (Process-FMEA)  

 Inspection/ Test procedures (Control Plan) 

 Process specifications   

 Critical Characteristics   

 Standard Operation Procedures (SOP)  

 Trained operators   

 Measurement System Analysis (MSA)  

 Process capability   

 Controlled process  
  

 

MRL 5 

MRL 5-6 

MRL 5-6 

MRL 5-7 

MRL 5-7 

MRL 5-6 

MRL 5-6 

MRL 5-6 

MRL 5-6 

MRL 5-6 

MRL 6-8 

MRL 9-10 
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Today´s Agenda 

Process  
Validation 

Qualification 
framework 

Part  
Validation 

510(k) submission 

PMA (Premarket 
approval) submission 

 Lattice requirements  

Outlook 

Deep Dive  
Lattice Validation  

How to 
Validate  
a Medical 
Device? 

Timeline 
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Procedure 

1 Design Build Testing Evaluation 2 3 4 
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Part Nr. 13 

250 W with 1000 mm/s 

Energy input 41,7 J/mm³ 

Part Nr. 3 

150 W with 2000 mm/s 

Energy input 12,5 J/mm³ 

Strut thickness X/Y Strut thickness Z  

Influence of Energy Input 1 
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Build Job 

Build Job for capability evaluation 
 

3 Jobs x 56 test coupons per job  

= 168 test coupons 
 
 
 
 
 
 

2 
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Testing 

Compression test 

 

 

Archimedes principle Stereological Evaluation 

3 
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Strut thickness X/Y 

Mean= 0,347 

Mean= 0,348 

Mean= 0,348 

Mean= 0,347 mm 

4 
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  How Machine/Material  Suppliers can support the Industry 

• Hand-over Material Data Sheets and Process Parameter Sets that provide 
validated material data for a given system and process 
 

• Co-develop with customers qualification design of experiments (DOE) that 
provide the right dataset, crucial to cost and time investment required for a 
proper process validation strategy. 
 

• Support the qualification of material/machine combinations at OEMs 
 

• Provide end-users with operating instructions, check-list, standard operating 
procedures, labels etc. 
 

• Support parts manufacturers during the entire qualification process to 
maximize speed and quality of the certification process 



A d d i t i v e  M i n d s  |   EOS   | 38 

Material Data Sheets 

Source: EOS 

Heat treated microstructure. 
Etched according to ASTM E407  

modified recipe #190. 

Heat Treatment Description: 
120 min (± 30 min) at 800 °C (± 10 °C) 
measured from the part in vacuum 
(1.3 x 10-3-1.3 x 10-5 mbar) followed 
by cooling under vacuum or argon 
quenching. 
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Documentation Support 

Source: EOS 

Additive Minds prepared for the AM process all necessary  

 Work Instructions 

 Checklists 

 Labels    

Additive Minds prepared a trainings matrix to visualize the training 
needs for 

 Operators 

 Maintenance Staff 

 Supplier 

 Process Developer 

 Responsible person for Data Preparation 
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Engineered Polymers : EOS low temp solutions ready 

EOS PA 2241 FR Material and EOS P396/P770 process certified by Airbus 

› Non-structural applications (class 3) of 
Airbus products 

 
› Suitable for parts which have to fulfil FST 

requirements, not for heat release 
 

› The qualification is valid for Airbus group 
globally 
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Example: Serial production of automotive exterior parts 

Challenge: High quality parts in an highly efficient production environment 

Requirements for indicator inlays 

• Withstand Environmental Impacts over Lifetime such as 

o UV Radiation 

o Resistance to Stone Chipping 

o Various Weather Conditions and Moisture 

• Homogeneous Distribution of Mechanical Properties  

over entire Building Area esp. elongation@break 

• High Part Accuracy 

• High Machine Availability   

Source: press.bmwgroup.com 
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Example: Serial production of customized blinker inlays 

Automotive Example 

Dyed blinker inlay made of PA 1101  

Challenge 

Produce serial parts that meet the high-grade plastic 

qualities in automotive industry 

Results 

 Freedom of design allows realisation of 
individual customer wishes 

 Short production times enable customized 
products to be delivered within a few weeks 

 Part quality, functionality and safety matches the 
stringent product-guidelines 

 System tailored to serial production 

Solution 

Additive manufacturing with EOS P 396 

Source: EOS 
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Result: Successful qualification of EOS P 396 into automotive production system  

Project Outcome  

• Used Material for Application: P1101  

• Layer Thickness: 120μm 

• Proven and stable AM Process with 4 EOS P 396 

(successful capability studies: MFU and PFU) 

• Start of Serial Production: Q1/2018 

 

Example: Serial production of automotive parts 
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Today´s Agenda 

Process  
Validation 

Qualification 
framework 

Part  
Validation 

510(k) submission 

PMA submission 

 Lattice requirements  

Outlook 

Deep Dive  
Lattice Validation  

How to 
Validate  
a Medical 
Device? 

Timeline 
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Operational Qualification (OQ) Time Table 

2 4 6 8 10 12 14 16 18 20 22 24 
Week 

Phases 

Timeline 

      

Risk Assessment 

Phase I: 
Assessment 

Phase II: 
Implementation 

Phase III: 
Qualification 

Project Plan 

Consultants 

V1.0 

Initial  
Assessment 

Risk Mitigations 

Process  
Map 

OQ Testplan 

Procedures and Work 
Instructions 

Perform OQ Testplan 

Phase IV: 
Closure 

Validation 
Master Plan 

V2.0 

CTQ 

V3.0 

Specify Serial 
Condition 

Final 
Assessment 
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Performance Qualification (PQ) and SPC Time Table 

1 2 3 4 5 6 7 8 9 10 11 12 
Week 

Phases 

Timeline 

      

Definition of 
test specimen 

Phase I: 
Assessment 

Phase II: 
Implemen
-tation 

Phase III: 
Qualification 

Project Plan 

Consultants 

V1.0 

Definition serial  
part criteria 

Definition of serial test 
methods 

OQ Testplan Perform OQ Testplan 

Phase IV: 
Closure 

Definition of statistical 
acceptance criteria 

V2.0 V3.0 

Statistical Analysis of OQ 
Testplan 

Definition of 
serial control plan 
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510(k) submission 
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How to 
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Timeline 
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Newest Developments 

Source: AM Metals Magazine 

1) Identify and orientate 
2)  Find location 
3) Show action 
4) Provide operator manual 

Objective: to help organisations in the AM industry to: 
 

• Use AR technology to train the workforce  
• Increase production quality with repeatable fixed processes 
• Standardise workflows with guided AR work instructions for 

machine setup and maintenance 
• Enable an end-to-end digital thread 
• Validate processes to adhere to customer regulatory requirements 
• Generate part certificates of conformance, other quality 

documentation and data analytics reports 
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AM Production Qualification 

Summary 

1) International standards do exist 

2) FAT, IQ, OQ and PQ as well as MRLs provide 
the framework 

3) A throughout assessment of all processes – 
from design to final part including incoming 
inspection, warehousing, post-processing, etc. 
– ensures qualified AM products 

4) Many customers have successfully qualified 
their AM production 

5) Suppliers should support qualification efforts        
    on various levels 

6) New technologies facilitate Quality Assurance 
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Additive Minds support organizations to become AM 

>400 
successful 

customer projects 

in >25 countries 

110 AM 

experts: 
largest team 
world-wide 

  

13 trainings 

and 17 

consulting 
offerings 

7 global 

technical 
and 

Innovation 
centers 

#1 
consultancy 

in AM 
market 

Thank you 
for your 
attention 


