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Introduction to Part verification & Quality
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• Quality enables a user to characterize and determine which product is better
than the other

• The quality level of products and services indicates not only their intended
function and performance but also their perceived value and benefit to the
customer

• In the AM industry, organizations are required to have a quality framework that
addresses the new concerns specific to AM, in addition to adopting and
committing to the approaches and expectations defined in quality management
standards, such as ISO 9001:2015
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Part verification & Quality criteria 
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The part quality requirements may be defined by;

• Requirements by customer
• Requirements by organization
• Requirements by statutory and regulatory bodies
• Contract / orders requirements
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Part verification & Quality 
essential step not only to ensure that parts  meets customer 
expectations but also as a critical aspect of process control

NASA Standard
-MSFC-STD-3716 
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Assessing AM parts can be challenging…..

• Complex geometry 

• Poor / inconsistent surface finish

• Process and part orientation dependant material properties 

• Part quality can depend on part orientation, build location 
(for example in PBF-LB flow of argon can affect part quality) 

• Some defects are “unique” to AM
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“Unique” AM Defects

• Specific AM defects – Layer defects (horizontal LOF), cross-
layer defect (vertical LOF), unconsolidated powder and 
trapped powder

Trapped powder

Layer defect (horizontal LOF) Cross-layer defect (vertical LOF)

Unconsolidated powder

Courtesy ISO/ASTM JG59 DTR 52905, ‘Additive Manufacturing — Non-Destructive Testing and Evaluation — Standard Guideline for Defect Detection in Metallic Parts’, Submitted for balloting.
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When to measure part quality ? 

Need to measure final part quality but should check

• After critical process steps

• During processing  - increasingly in-process inspection methods 
are being employed to “measure as we make”

• Using this approach we can;
o Avoid incurring costs in downstream processes

o Enable replacement parts to be scheduled

o Identify the source of problem and prevent it affecting future parts 
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PBF-LB metal parts

Could measure;

• As built 

• After stress relieving 

• After base plate removal

• After support removal

• After heat treatment 

• After finishing 

But measuring introduces cost and delays – automated inspection 
methods will help to overcome this problem
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Inspection technique….? 

• Widely available

• No capital investment 

• No calibration 

• Limited training 

• Huge amount of data can be collected and processed very 
quickly 
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Visual Assessment 
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NASA Standard
-MSFC-STD-3716 

• Distortion/swelling
• Delamination
• Poor surface finish 
• Discolouration
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Final part quality assessment 

• Part accuracy  - hand held measurement tools, CMM 
+touch trigger probe (TTP) but increasingly using optical 
techniques (such as photogrammetry / structured light / 
laser strip)

• Surface finish – optical measurement of area (Sa,SZ) rather 
than linear  profile lines 

• Integrity - NDT (eg Xray CT)
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Assessing part integrity by Non 
Destructive Testing (NDT)

Mainly for reference but please READ
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X-ray Imaging
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Ultrasound
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Electromagnetic
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Thermography
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Other
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Measurement of quality “by proxy” 

• Witness samples produced alongside/joined to 
components 

• Can be subjected to destructive testing including; 

oMetallurgical assessment – microstructure / 
density

oMechanical properties 

oChemical composition (including interstitial 
contamination) 

oOther properties 
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In process measurements

• As well as in-process monitoring of KPVs the 
development of in-process inspection methods 
can be used to assess the accuracy and integrity 
of parts 

• As well as providing timely information it enables 
a directly link between KPVs and potential defects 
to be investigated 

• Systems under development include Ultrasonic 
and eddy current  NDT heads for DED to identify 
potential defects in-situ 
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Image of a layer obtained using the near-infrared 
thermal imaging camera on the Arcam Q20 at MTC
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Product verification
Case study – KHUB-AM-0005 planning for product verification
Heat exchanger produced by Metal PBF-L  
(you have been supplied with this report)
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Product verification is  important 
aspect of manufacturing,               
used to ensure product meets  
required design specifications 
and therefore performs as 
intended. 

EXAMPLE product verification plan
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Planning for Product Verification 
• Should start at the design concept and process planning stages

• Has significant impact on product quality, manufacturing process and cost

• Final inspection of product at the end of manufacturing process is most 
common method of verifying product quality 

BUT

• Components which are complex or require multiple manufacturing operations it 
may be better to verify as manufacturing progresses to;

o Avoid incurring cost /time for downstream process

o Take time corrective action (such as rebuild)

o Identify the cause of the problem (for example geometrical inaccuracy) 

o Enable access to features (for example assembled/welded parts)

.

21

EXAMPLE product verification plan
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Strategy for Product Verification 
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Documents relating to product verification against key product lifecycle steps 
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Functionality statements 

Recommended that document with the following minimum 
information is created: 

1. Functional requirements: high level qualitative statements of 
the intended part function; 

2. Interpretation: high level quantitative expressions of how the 
functional requirements will be translated into specifications; 

3. Characteristic type: whether the functional requirement 
relates to form, fit or function; 

4. Criticality: an assessment of relative criticality or importance 
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Some of the functional requirements for heat exchanger…
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Verification matrix 
Describes how to assess if each requirements is met;

• Dimensional inspection e.g. measuring a feature using manual gauging; 

• Condition of supply checks, e.g. ensuring a valid and traceable CoC (certificate of 
conformity) has been provided, as the supplier might be responsible for carrying 
out the inspection; 

• Manufacturing process controls, e.g. ensuring the process is stable or capable, or 
locking and using correct versions of programs; 

• Functional testing; 

• Leveraging data, e.g. from in-service history or on-going statistical analysis. 

• An assessment of how adequate each method would be, This can be as simple as 
stating whether the requirement would be fully or partially met, or a more 
advanced assessment could include the RPN score (risk priority number) from a 
DFMEA (design failure mode and effect Analysis). 
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Verification matrix for heat exchanger 
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different colours represent the 
different methods, and the icons 
represent whether a requirement 
is fully or partially met. 

• Select verification routes from the matrix based on minimising risk, or 
maximising the component’s functionality, within the given cost and 
practicality constraints. 

• For the heat exchanger example, we can see that, as a minimum, 
functional testing, X-ray computed tomography, and 3D structured light 
methods should be used to verify the component. It is notable that 
verification in this case will be heavily reliant on functional testing. 
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Part definition and inspection planning 
• Part definition refers to the creation of drawings and GD&T (geometric 

dimension & tolerancing) , following from the definition of the general 
geometry. 

• For a single component the following drawings could be created: 

• Stage drawing for the component in as-built condition; 

• Stage drawing following the removal of support structures; 

• Stage drawing for the post-heat treated condition; 

• Stage drawing following surface processing (e.g. polishing); 

• Stage drawing(s) for the machining operations; 

• Part drawing for the component in its finished-machined condition; 

• Inspection drawings; 

• Drawings for any machining and inspection fixtures; 

• Drawing for any nested parts on the build plate. 

27



This project has been funded with support from the European Commission. This communication reflects the views only of the author, and the
Commission cannot be held responsible for any use which may be made of the information contained therein.

generating full set of drawings is advisable as it will help highlight 
issues early, for example any potential issues with datum 
transfers and tolerance stack ups. 

Downside is multiple drawings will have to be updated when 
changes are made to the design or the process. 

For this reason an organisation should look at adopting digital 
definition practices (see ASME Y14.41 and ISO 16792) and move 
towards the use of PMI (product manufacturing information) in 
CAD. 
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Inspection planning 

creating the overall strategy for the inspection of every 
feature or requirement in the drawing (such as drawing notes 
or referenced specifications) 

The inspection plan should include the following information: 

• Part number; 

• Drawing name and version; 

• Feature description and feature grid reference or number; 

• Inspection system to be used; 

• Measurement strategy to be used; 

• Feature construction strategy or algorithm to be used; 

• Feature reporting strategy. 
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Part of the inspection plan for the heat exchanger 
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Grouping Inspection Requirements
Multiple inspection plan documents will need to be created for the different 
manufacturing operations. It might be preferable to group inspection 
requirements of a single inspection operation (example above) or it might be 
preferable to separate out the requirements for different systems (example 
below which separates out the XCT inspection requirements). 
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PARTNERSQuestions ? 
& Thank you  

www.skills4am.eu
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http://www.skills4am.eu/
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