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1 INTRODUCTION

The COVID-19 pandemic has offered a preview of the potential of Additive Manufacturing
(AM). Various industries were able to leverage their distributed AM networks to quickly jump
start production of vital medical equipment amid supply chain disruptions. AM opens the door
to highly advanced designs coupled with decentralised manufacturing. Among other benefits,
it can facilitate light-weight vehicle designs to boost efficiency and extend range, replace spare
part inventories with digitised part libraries, and enable on-location production in remote
locations, including for the military, energy and space exploration.

Whilst AM has been around for some time, using it to produce durable end-use products is an
emerging market. This global market has grown at about 25% CAGR since 2015 but remains
below $15 billion by most estimates. This represents about 0.10% of the global manufacturing
industry, signalling tremendous upside potential [1]. AM allows for greater design freedom with
litle or no added cost for greater complexity, and results in less waste overall. It can create
lighter, better performing, greener and potentially cheaper industrial products, all with
enhanced operational flexibility, speed-to-market, plant productivity and supply chain
resiliency. The US Department of Energy recently estimated that 3D printing has the potential
to reduce energy costs by 50% and cut material costs by 90% [2]. Using the design and
manufacturing freedom of AM has real benefits and will play a major part in achieving net zero
targets.

In an April 2020 survey of 700 US manufacturing professionals by the Society of Manufacturing
Engineers, 25% said they had to change their supply chain in response to the pandemic, and
seven industries ranked AM in the top three technologies taking priority for investment post-
COVID [1].
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The UK has 4.19% of all industrial AM systems installed since 1988, making the UK the 5"
largest manufacturer of AM parts globally. The UK has 9 masters courses dedicated to AM,
has had over 100 PhD projects related to AM and 3D printing and hosted 75 AM events
between 2018 and 2019 [3]. Despite the huge potential for AM, uptake has been slower than
anticipated. A recent European Union Aviation Safety Agency- Federal Aviation Administration
(EASA-FAA) workshop (November 2019) identified a key barrier to widespread adoption as
being insufficient applicability of results from one geometry-material-process combination to
another. Quality assurance of manufactured parts requires measurements that describe these
structures, and which can be related to manufacturing processes and final material properties.
AM materials have complex microstructures with feature sizes ranging from micrometres to
millimetres and with highly anisotropic and irregular shapes making the definition of the
microstructure difficult. Development of digital twins requires the ability to determine and fully
describe the component. To support the digital twin, models are required that will functionalise
the digital twin and these require representative volume elements which would be duplicated
across the mesh of the model to form the final structure.

There are many aspects that continue to be worked on and developed to enable greater uptake
and utilisation of AM materials. As with many other areas in materials science, data is at the
heart of all this. Appropriate measurements generate the trust and assurance in the data
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needed to develop the models and digital twins allowing them to be used to predict in service
performance and accelerate product design. Measurements are also essential to enable the
correct control of processing conditions and parameters to ensure high quality products are
produced.

With so many potential areas of measurement requirement a consultation workshop was held
on 22" June 2021 to generate a more detailed insight on the metrology requirements of the
AM industry and where they feel a focussed effort from NPL would be of benefit to provide the
greatest impact to the industry and accelerate the uptake of AM parts.

2 WORKSHOP

The workshop was attended by representatives from ten industrial organisations, three
Government/RTOs and three universities. In total there were twenty-one external attendees
and six NPL attendees. The workshop itself consisted of an overview of NPL’s Strategy, a
review of the previous programme on AM and a summary of the NPL AM Strategy Review
document [2]. This was followed by a review of the responses received to a questionnaire
circulated prior to the meeting and finally a breakout session was held to discuss further points.
The intention of the workshop was to provide a forum for stakeholders to discuss key issues
and to prioritise activity for NPL moving forwards with its NMS' programme. Key questions
discussed at the workshop included:

e What are the main challenges for wider adoption of AM in the UK?

¢ What are the current application limitations for AM materials?

¢ Which AM production process do you feel has the greatest measurement challenges?
¢ Which materials/processes do you feel need the greatest support?

¢ Areas you feel NPL is best placed to provide support?

e Specific area you think NPL should engage in

o What properties do we most need assured data for?

e NPLs role in standards development

3  QUESTIONNAIRE RESPONSES

Prior to the meeting the invitees were circulated a questionnaire to complete to provide initial
steer and focus for a more in-depth discussion during the workshop. The questionnaire
received 26 responses, with industry forming 70% of these, 4% from academia, 22% from
Gov/RTO and 4% other (Figure 1). The organisations that did respond represented a cross
section of manufacturers, end users, standards development organisations, consultants, and
defence.

From the results of the questionnaire it was clear that the areas that the respondents felt
needed the greatest level of support were higher TRL techniques, with powder bed fusion and
directed energy deposition of metallic materials rating highest, as shown in Figure 2.

1 National Measurement System - The National Measurement System (NMS) provides the UK with an
infrastructure of laboratories that deliver world-class measurement science and technology and provide traceable
and increasingly accurate standards of measurement. We maintain a National Measurement System because of the
substantial impact it has on every aspect of UK life and its economic success. The NMS enables the UK to compete
in global trade and manufacturing by ensuring consistency and recognition of measurement units and standards
throughout the world. Internationally leading knowledge and expertise is passed on to UK stakeholders by a
coordinated programme of knowledge transfer [3].
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Figure 1 Breakdown of questionnaire response by sector.

@ Powder bed fusion 16
@ WaAM 10
@ D 15
@ Lasersintering 4
. Material extrusion 2
@ Material jetting 3
. Metallic materials 17
. Polymeric materials 7
@ Ceramic materizls 7

Figure 2 Responses to - Which materials/processes do you feel need the greatest support?

Post build measurements and non-destructive evaluation (NDE) were highlighted as being
areas with the greatest measurement challenges, Figure 3. NDE continued to be an area of
much discussion, with aspects such as rapid low-cost techniques being needed and NPL
possibly having a role in the validation of these techniques.
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o
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Figure 3 Responses to - Which AM production process do you feel has the greatest measurement
challenges?

Materials development and machine calibration also ranked quite highly in the measurement
challenges in production processes. In terms of where the respondents felt NPL should be
focussing their efforts there were three main areas: material property measurement
(particularly dynamic measurements), dimensional and surface measurements, and novel
NDE methods for part validation (Figure 4). These responses were based on the responder’s
clear appreciation of the role NPL plays and our measurement capabilities as shown by Figure
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5 and 6. The replies to where they thought NPL was best placed to provide support align with
our internal strategy to provide measurement capabilities and standards for materials

assurance.
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Figure 5 Responses to - Your understanding of NPL’s role and measurement capabilities?

Figure 4 Specific area you think NPL should engage in?
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Figure 6 Areas you feel NPL is best placed to provide support
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. Advice 19
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. Access to machines 12
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Figure 7 Potential future support you could offer?

Figure 7 shows the areas where future support could be offered to any NPL activity
demonstrating a willingness to support fundamental metrology and standard activity in this
area. During this exercise NPL also received comments on areas the responders did not think
NPL should be conducting activity in (Figure 8). This was in powder characterisation/recycling,
dimensional and surface measurements, and machine calibration, which contradicts the
responses presented in Figure 4. But it should be noted that there were minimal responses to
this question, as opposed to the high number of responses presented in Figure 4.
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Figure 8 Areas NPL should not be engaged in
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4 DISCUSSION SESSION

After a review of the initial questionnaire responses the attendees were invited into breakout
sessions to explore some of the questions further. We asked what were the current application
limitations for additively manufactured materials? Six key issues were identified, as shown in
Figure 9. These were:

¢ Regulations to support use in safety reliant applications
e Cost

e Trust in material performance

e Standards to support use

e Issues with surface performance

e Issues with surface finish

e Other

These indications show that there are general issues with both the assurance of materials data
with regards to the performance of the AM material and in the availability and confidence in
standards and regulations, particularly in safety critical applications. In the area of material
certification and quality control, it was explained that the implication for industrial users is that
the certification for billet material is widely accepted and as yet the industry is not able to do
this for AM materials. In particular, there was a concern regarding traceability and being able
to demonstrate due diligence in case of any failure that might occur. There was also a need
for more standards aimed at establishing test methods for testing lattice structures and
functionally graded materials, especially micro- tensile and fatigue, as it would give more
industrially relevant end-use application confidence.

Other |G
Issues with surface finish | RN
Issues with surface performance | INRNRENENEG
Standards to support use [ NG
Trust in material performance [ NNENEREGEGEGEEEEN
Cost NN
Regs to support use in safety reliant .
applications
0 5 10 15 20 25

Responses, %

Figure 9 What are the current application limitations for AM materials?

The initial questionnaire showed that the more established and higher TRL AM methods
required the greatest support from NPL, Figure 2. The attendees confirmed that this was mainly
due to the maturity of the technology and its uptake and appeal to industrial use, and the fact
that given the higher TRL level it was closer to regulatory approval (see Figure 10).
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Other reason

Closest to achieving regulatory approval
Most likely to appeal to wider uptake
Market leaders

]

]

Most widely accepted technology [ IIEEGEGE

Most widely used technology I
]

Mature technology which is stabilising

0 5 10 15 20 25 30

Responses, %
Figure 10 The reason that the more established processing methods need the greatest support.

There was a feeling that the workshop attendees were mostly representative of the metal AM
industry, suppliers, and users, and that this might influence the responses regarding the need
for standards and regulations. To address this concern the participants were asked directly
whether metallic AM materials require more research or help with standards, legislation, and
regulations than other material classes. One third of the responses did indicate that metallic
AM materials were now mature enough to require more effort in the development of standards
and regulations. However, two thirds of the respondents believed that standards were needed
across all material classes and so a broader approach across different materials would need
to be considered. It was clear that there was a perceived need for standards. Figure 11 shows
the prioritisation of areas that the attendees thought that NPL should be active in to support
AM in the UK. As Figure 11 shows there was a wide spread of activity where it was felt NPL
could contribute and lead, ranging from leading pre-normative intercomparisons to working
with industry to develop standards and helping regulatory bodies to validate standards. Broadly
speaking it is possible to group the reply into two broad activities.

e Are current standards appropriate?
o Demonstrate the applicability of current standards (intercomparisons)
o Help with the uncertainty in standard test methods applied to AM
e Development of new standards
o Help regulatory bodies validate test methods for standardisation
o Work with industry by developing new standards
o Lead pre normative intercomparisons
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Figure 11 What do you think NPLs role in standards development should be?

Over the course of the workshop, comments from the attendees was received that have not
been captured in the questionnaire responses above. These are summarised below.

“What about fast ways of verifying quality at intermediate steps of the process chain,
e.g. fast ways of detecting trapped powder? | also don't see anything in this list about
detection of defects.”

“l have seen you mention design, but you do not include it into the priority areas, what
is your position on this stage of the AM process?”

“The challenges of techniques such as XCT and in situ defect identification ultimately
don't come down to an instrument/detail perspective but are more about what you do
with the data. A wider look at assurance of image processing and decision making
could have application across a range of techniques.”

“We need more standards aimed at establishing test method for testing lattice
structures and, functionally graded materials (especially micro- tensile & fatigue as it
would give more industrial relevant end-use application confidence).”

“The big issue for us is material certification and quality control. The implication being
that certification for conventional billet material is widely accepted and AM is not yet.
We're thinking traceability and a demonstration of due diligence.”

“Not taking full advantage of the in-process data captured. Need effective and speedy
data management to enable decision and correlation with results.”

“Standardisation of machine calibration at the start of the build.”

“Internal channel characterisation of complex parts.”

“Multi lattice structure material”

“Work towards validated NDE techniques that can provide a pass / no-pass
indication.”

“In process laser alignment for multi-laser machines especially when using multiple
lasers on the same part.”

5 SUMMARY

Additive manufacturing is a rapidly expanding and developing area. As such it is important to
focus the activity of a National Laboratory to where it would be of most benefit. NPL held an
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industrial consultation workshop to ascertain where it should focus its activity in future National
Measurement System activity and Collaborative Research and Development. The consultation
delivered several key messages:

1.

6

NPL should provide support that aligns with our internal strategy to provide
measurement capabilities and standards for materials assurance. There are general
issues with both the assurance of materials data with regards to the performance of the
AM material and in the availability and confidence in standards and regulations,
particularly in safety critical applications.

Post build measurements and non-destructive evaluation (NDE) were highlighted as
being areas with the greatest measurement challenges and so NPL should be
focussing their efforts on these. There were three main areas that were prioritised:
material property measurement (particularly dynamic measurements), dimensional and
surface measurements, and novel NDE methods for part validation.

NPL should provide the greatest level of support to higher TRL techniques, with powder
bed fusion and directed energy deposition of metallic materials rating highest. Although
it was made clear that standards were needed across all material classes.
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