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Many inspection tools exist, choose 
the right one to ensure solid ROI
By Bill Herman and Matt Gormley

The outlook for any industry can oftentimes be ascertained by 
simply looking at where it’s been and comparing that to where 
it is going. When it comes to the value of additive manufactured 
(AM) parts, the numbers are impossible to ignore. With healthy 
growth projected to rise at a 15% compound annual growth 
rate (CAGR) from $12 billion in 2020 to $51 billion in 2030, 
the AM industry is on the cusp of finding its way forward after 
decades of challenging adaptation and underperforming results.

According to tech research expert Lux Research, the largest 
share of AM’s projected growth will be in end-use parts, which 
will reach 38% share of the market in 2030 (up from 23% in 
2020)1. Additive Manufacturing is finally forging a clearer path 
to profitability. Integration of new and existing technologies 
across many segments, some of the most prominent being 
the medical and aerospace industries, are forcing strategies to 
evolve and push thinking outside conventional boundaries that 
have limited AMs growth.

While AM is a technology utilized by many different sectors, the 
inability to integrate its potential into effective manufacturing 
plans has resulted in slow growth relative to the optimistic 
projections once believed to be in AM’s bright future.

AM is already replacing existing components, reducing part 
assembly configurations with single part prints, and allowing 
companies to design with less constraints. This leads to great 
opportunities for engineering and future manufacturing, but 
the importance of where inspection fits is often left behind or 
relegated to playing catch up.

An important aspect of the AM process is Non-Destructive 
Testing and Inspection (NDT, or NDI). This white paper will 
focus on the primary methods and importance of NDI in the AM 
process, the challenges associated with choosing the proper 
timing, and navigation of NDI to achieve ROI for a project.

CHALLENGE
The importance of NDI in the AM process cannot be 
overstated. Major OEMs across many industries who have 
embraced AM still struggle with how to incorporate NDI 
because they have been unwilling to change a thought 
process that still incorporates conventional manufacturing 
methodology. With conventional manufacturing comes 
standard inspection technology. These standard technologies, 
or methods of inspection, are important to the safety 
and critical nature in which we use them. They have all 
been proven, tested over the decades, but only a few 
methods stand out in their ability to truly support the entire 
manufacturing value stream with digital data, and/or a digital 
thread. As AM has changed the way we can manufacture 
product, we should also similarly adapt new inspection 
techniques. The (Figure 1) list represents NDT methods 

commonly used in Metal AM 
components. It has been developed 
by the ASTM E3166 Standard 
Guide for NDE of Metal additively 
Manufactured Aerospace Parts 
after build to highlight failure 
modes in AM. It provides many NDI 
methods for discontinuities.

The focus of this white paper is to 
understand how 2D x-ray or digital 
radiography (DR) and computed 
tomography (CT) is applied as a 
tool supporting detection and 
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Application of NDT to Detect Additive Manufacturing Discontinuity Classes*
Discontinuity 
Class

CT/RT 
CR/DR ET MET PCRT PT RT UT AE LT NR MT VT

Surface
Porosity
Cracking
Lack of Fusion
Part Dimensions
Density
Inclusions
Discoloration
Residual Stress
Hermetic Sealing

Figure 1. Application of NDT to Detect Additive Manufacturing Discontinuities – ASTM E07 Working Group
(*Edited from ASTM E3166 Standard Guide for NDE of Metal additively Manufactured Aerospace Parts after build)
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qualification of defects found in metal additive products. 

Using the right tool at the right time is a challenge many 
manufacturing operations must overcome in honing their 
final process. While it’s great to have high-tech tools to solve 
problems and add efficiency, using the wrong tool at the wrong 
time can result in inefficiency, waste, and lost profitability.

Use of x-ray and industrial computed tomography (CT)  
scanning are considered one of the top tools for inspecting 
metal AM hardware. Both of these forms of radiography, 
provide different types of data. A 2D radiograph is a single 
image taken of a part in one static position in time. This can 
be done in milliseconds using digital radiography. A CT scan is 
completed with a part while rotating. The rotation of the part 

allows for numerous 2D projections to be taken, typically over 
360 degrees. Those projections are then reconstructed together 
to form a 3D volumetric image of the product, this may take 
minutes or hours depending on the numerous variables in part 
geometry, material type, material thickness, etc. 

Part scan time, reconstruction, data visualization, and 
interpretation leads to an increased time of inspection. Adding 
inspection time and machine time (dosing the imaging detector 
longer) leads to increased costs. In many cases, the cost for a 
2D radiograph can be 1/5 to 1/10 of a CT scan. Choosing the 
appropriate one for the correct stage of the process, and the 
distinct characteristics of the AM part, is an opportunity to 
understand the risk versus reward for the cost to implement. 
(Figure 2) shows the inside of a cabinet style X-Ray/CT system.
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Figure 2. Pinnacle X-Ray Solutions – 500kV CT System used for AM
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The advantage of any NDI method is to 
properly evaluate its use for detecting 
certain types of flaws, either at the surface 
or subsurface of the part. Implementing CT 
scanning directly into the manufacturing line 
may create a disadvantage for detectability 
based on the part’s condition. If the goal is to 
provide robust metrology, and flaw detection 
data early on to the product, then CT may 
be the right fit if it can meet both standards. 
As an example, if the goal is to provide 
data in a stage of production detecting—to 
detect unfused powder or foreign material, 
then a simple 2D inspection would be 
more applicable. If the powder needs to be 
measured by volume than CT scanning would 
be more applicable. A 2D x-ray does not have 
the capability to measure depth or volume, 
thus CT scanning supports this measurement. 
See (Figure 3) a 2D radiograph of a tensile 
bar with unfused powder. (Figure 4) is a 3D 
CT scan of the same tensile bar of unfused 
powder. (Figure 5 & 6) shows the tensile bar 
test failure at the particular point of unfused 
powder – both in 2D and 3D. (Figures 3-6) 
are provided by Auburn University’s Materials 
Engineering group.

Powder deposit can be defined in both the 
positive and negative approach. As seen in 

the x-ray, positive powder is the remaining material or 
foreign material left over when the part is completed. 
The negative approach to powder identifies the void or 
porosity if powder is still remaining after print. Negative 
inspection indicates that a void, hole, or porosity is 
created. Residual powder that remains in pockets or 
passages is a huge challenge that can wreak havoc on 
the quality of an AM part. Machines and methods of 
effective residual powder removal are difficult to find 
especially when passages are extremely narrow.

While designing a build for an AM part with internal 
passages, powder will automatically be built into the 
part. Removal of that powder is critical. If the powder is 
not removed, and the part continues through a post HIP 
(hot-isostatic pressure) heat treatment, the powder can 
partially solidify, causing the part to be unusable.

There are physical, mechanical and automated methods 
for powder removal. Providing objective evidence that 
the part is 100% free of this may take multiple passes. 
Each of those passes can lead to an additional x-ray 
inspection. A second 2D radiograph, either at-line 
in manufacturing or at an inspection workstation, 
can provide quick evidence of residual powder. This 
leads to a reduced inspection time cost within the 
manufacturing process as opposed to what could 
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Figure 3. 2D DR Image Figure 4. 3D CT Scan – Volumetric Powder

Figure 5. 2D DR image 
after tensile test

Figure 6. 3D CT scan after tensile test
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be a long full volume CT scan. Partial area CT scans can be 
done if the area of interest in the 2D image is questionable. 
Questionable discontinuities (not clearly defined with current 
2D radiographic software tools) may then require additional 
inspection including a CT scan. If the part is large (more 
than the size of the imaging detector or larger than the part 
scanning capability of the machine) a partial scan of the area of 
interest may be performed. This allows reduction in numerous 
CT scans for final decision making. See (Figure 7) for an 
example an AM test article with visual porosity.

Quality standards (product acceptance) have been well 
established and understood in the fabrication, casting, and 
welding industries. For example, AMS 2175 allows acceptance 
criteria for grades of castings. Metal AM can be considered 

a blend of both casting and welding. The data shows that 
most OEM’s are unaware of how these standards are used 
when placing them on a AM print. These standards may not 
apply due to conflicting flaw types found either in a weld 
or castings. This should be a major concern for qualifying 
printed hardware. The ability to accept a part with flaws, 
which is not representative of what is being printed, can cause 
interpretation issues. This may lend the inspection facility to 
reject 100% of the product based on incorrect standards. 
Finding the correct method becomes even more important to 
part acceptability. 

Since AM is developing rapidly across numerous industries, 
including aerospace, space, and medical, there is a demand 
for understanding what requirements are necessary for a 
particular part type:
• Where will it be used? 
• How will it be used? 
• Will it need to be replaced?  
• Does it see high stress? 
• Will it be exposure to external weather elements and 

rough environments?  

These are some of the mechanical questions that decide 
whether or not a part is driven to be additively manufactured. 
Even when parts are printed, they often require a level of 
subtractive manufacturing. This approach utilizing both 
additive and subtractive methods has led to use of the term 
Hybrid Manufacturing. 

When we answer these simple questions, are we also asking 
the difficult question: Have we designed these parts for 
inspection? Quite often the response is status quo, “use the 
pre-existing standards list for the cast or fabricated part.” This 

Figure 7. CT Scan cross section showing porosity in Ti-6-4 Test Sample

Figure 8. Radiography of pyramid stepwedge  (Scatter radiation shown in 
more dense or thicker area)
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is not the right approach. In the aerospace industry, 100% 
inspection is often required in airframe and engine hardware. 
The critical nature of flight safety, including the form, fit and 
function of the part drives this inspection. Data and models 
have proven and tested how long these parts will last without 
re-inspection, repair, or replacement. Probability of detection 
studies (POD) have determined the level of confidence to 
which an inspection method is used to define and detect 
certain size flaws. The size is defined by engineering models 
and designed into the product for acceptability. 

The medical industry has taken a similar approach in the design 
of the human hip, knee, and joint replacements. The long-
term stress or fatigue is often correlated to the quality level 
of the printed part. This fatigue can be analyzed via simulation 
software if the CT scan and structural analysis data is available 
to engineering. Once the data is analyzed, new standards can 
be adapted. The level or grade of acceptability will change 
based on life cycle and the end use of the product. 

In every technology (or system) there are limitations. 
Limitations in inspection are often not provided because of 
fear it may not lead up to what engineering desires. In all 
cases, the desire is to see zero defects in an AM part. The 
reality is – this is not possible. The objective is to understand 
the level at which a part or material is no longer able to detect 
certain size flaws. While micro-focus x-ray or CT provides high-
level resolution, it is still challenged by physics, and the ability 

to penetrate certain material types and densities. Another 
limitation in x-ray and CT is scatter radiation, the effect of 
radiation bouncing off the internal and external features of 
a product. This is increased or decrease based on the part’s 
complexity or material type. (Figure 7) shows a setup of 
phantoms (pyramid style step wedge) in the level of internal 
scatter shown with a change in grey scale, and externally 
with a haze or fuzziness around the edges. These represent 
different degrees of scatter. 

There are methods to reduce scatter with hardware and 
software. However, even with the implementation of these 
features, there is still a degree of less than 100% removal. 
Scatter will limit the ability to make decisions, even with 
computer-aided software and algorithms. The human eye 
can be aided by these features, but those features must be 
proven and acceptable with some ground truth. Ground 
truth can be done with cut-up analysis and evaluation under 
a microscope. Correlation from the x-ray to digitally dissect 
will provide objective evidence in limitation, or uncertainty 
with the data collected. Based on a part’s function and 
structure  engineering can make more thorough decisions of 
limits and levels of defect detection. If we fail to understand 
the limitations, and accept them, we risk repeating the same 
inaccuracies in future designs and development. While CT 
scanning can provide some ultimate amounts of resolution and 
data, there are limitations. 
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THE SOLUTION
All NDT or NDI methods should be discussed at multiple 
stages throughout the part’s life cycle. In the case of AM, 
in-situ inspection may be the right approach to validating print 
quality during an extremely long print cycle, which can prevent 
material and energy waste. In other circumstances where 
in-situ cannot be easily correlated to the final result, first article 
inspections may require CT. The following stages could be 
in-process x-ray to validate foreign material, and overall initial 
print defects. CT could then be used to validate the in-process 
x-ray (deeper evaluation) as well as any metrology related 
concerns. (Figure 9) is a full volume CT scan of a turbine airfoil. 
(Figure 10) shows critical measurement points with automated 
wall thickness. The data provides an ability to use the CT 
scan for failure analysis and metrology. Both internal features 
of the AM or cast part can be validated with one inspection. 
The challenge with airfoils are material thickness and type. 
The ability to reduce scatter while providing a solid surface to 
measure from is critical for accurate and reduced uncertainty in 
measurement data. 

While the medical and aerospace industries have always 
been quick to adopt new technologies, their true AM success 
has clearly been a willingness to embrace innovation and 
adopt new engineering approaches required to optimize the 
advantages of AM. Figure 9. IN-718 HPT Airfoil – CT Scan
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A willingness to break from convention and to embrace out-
of-the-box thinking that aligns with available technological 
innovation, is the best possible starting point for the adoption 
of any AM process. There are many tools in the AM toolbox, 
including inspection technology. Finding the right tool with the 
correct implementation is critical for success.

Manufacturers who are able to listen and learn from New 
Era will allow them to adopt successful AM manufacturing 
processes, insights into unknown issues necessary to meet 
specific needs, and business goals. Partnering with experts in 

NDT with a company like Pinnacle X-Ray Solutions provides 
critical insights to the essential technology required to 
effectively manufacture parts utilizing a 3D printing process.

Geared to market growth, profit, quality, ROI, ideal energy 
consumption, and efficient transportation costs, the New 
Era approach assesses a manufacturing process that extends 
both up and downstream from equipment, to software, 
suppliers to and distributors. It all starts with a willingness to 
think differently.

Figure 10. Automated Wall Thickness

Recognizing that everyone who can benefit from AM is big 
enough to make mistakes, or to ignore the lack of an efficient 
or profitable process, you can quickly see how experienced 
AM consulting can create immense value. Establishing an AM 
process embracing innovation at the highest level, is only 
effective if it is paired with a forward-thinking approach that is 
not limited by pre-determined conventional processes. 

Best practices in the implementation of AM start small and 
focus on each of the specific operational silos required for the 
manufacturing process. Many AM problems begin with a lack 
of understanding for what AM operations require. The simple 
truth is: Designing a 3D printed part properly for powder 
evacuation is the solution for avoiding the problem in the first 
place. Implementing a process with the correct inspection 
methods built-in along the way ensures the highest levels of 
quality in the final part.

The distinction in technological capabilities is also reflected 
in the cost of the inspection. The most common or most 
implemented inspection method may not fit the need for 
validating part quality. There are numerous inspection 
techniques such as digital radiography, which are efficient at 
obtaining a level of results. Those results can be re-evaluated, 
if necessary, based on production goals or engineering needs. 

The best-case scenario for any AM process is to have access to 
the experience, knowledge, and insights at the beginning of the 
planning stage. Along with those insights, you will get access 
to essential industry leaders for key stages, such as inspection, 
which can further create efficiency and – profitability. 

Realizing there are other ways to think about a process is the 
first step to being successful with AM. When it comes to AM 
parts development, the popular saying is: ‘Let the part be 
what it wants to be.’ This premise suggests each individual 
application requires a thorough understanding of the best 
material and process to follow for the ultimate results. 
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Let New Era Assessments, LLC help guide your success. Contact us today.

With more than 13 years experience in metal and plastic 
additive manufacturing (AM), New Era Assessments, LLC 
brings a diverse skill set and approach to projects and a 
commitment to quality that make them especially effective in 
the evolving 3D print arena. Offering essential manufacturing 
know-how and critical partnerships with skilled innovators in 
the additive segments, New Era approaches each build-out 
with a focus on navigating the technology and connecting the 
many variables that can overwhelm a project.

We work to educate, navigate and collaborate around the 
complexities of AM and cover the market from A-to-Z: 
• Comprehensive assessment of market, product needs  

and ROI
• Guidance around the forks in the road to full development 

—entry-level to highly complex and regulated industries
• Reduced time, task and risk entering into AM/3D printing 
• Creative engineering; unbiased, open-minded;  

outside-the-box thinking 
• Supply chain development and resourcing
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