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Recap of Previous Parts and 
Introduction
The first part of this article introduced the 
basic concept of digital X-ray imaging, 
its components, and the commercial 
principles of such capital investment. 
Additionally, several metrics to analyze 
and compare processes and technologies 
were discussed and explained. The second 
part focused on the process to implement 
a digital radiography system starting 
from the initial demand, to definition 
of specification, to case studies, and up 
to installation and maintenance. To give 
readers a better understanding, different 
techniques like real-time radiography, 
automated defect recognition (ADR), and 
computed tomography were introduced 
and analyzed. The bottom line was that the 
process of implementing this technology 
requires a well-structured approach to 

avoid typical pitfalls. The last part of 
this article will outline characteristic 
requirements of different industries like 
automotive, aerospace, defense, or oil  
and gas. This includes special quality 
standards, process requirements, and 
company guidelines. To wrap this series 
up, this article will explain examples of 
systems and concepts for each industry and 
the different automation levels to provide 
inspiration. 

Characteristic Industry 
Requirements 
Each industry has its characteristic 
requirements, which are mainly dictated 
through the national or international 
quality standards, but also through process 
requirements, like production volume, or 
specific original equipment manufacturer 
(OEM) standards, which have to be 
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implemented by their suppliers. This 
section systematically analyzes their impact 
on digital X-ray inspection and provides 
possible solutions.

Aerospace
The aerospace industry has the most 
advanced and strict quality requirements in 
the civil sector. Additionally, the aerospace 
industry uses the most advanced materials, 
like honeycomb, composite structures, 
and super-alloys, which make inspection 
even more challenging. Every process 
needs to be qualified and strictly followed 
to ensure potential discontinuities are 
detected. Digital radiography provides great 
advantages for this industry due to the 
fact that processes can be easily qualified 
through automated test sequences (ATS). 
Generally speaking, the higher the degree of 
automation, the easier it is to prove process 
safety due to eliminated human failure. 
Looking at the quality standards, the 
aerospace sector mainly relies on the ASTM 
standards and a broad variety of company 
specifications. Of special importance in the 
digital world are ASTM E 2597 (ASTM, 
2014) and ASTM E 2737 (ASTM, 2010), 
which should be known by everyone  
who works with digital X-ray systems. 
Figure 1 shows how modern digital 
radiography image processing software 
can automatically evaluate the system 
performance as required by both standards. 
Such a toolbox is highly suggested, as 
all digital X-ray systems in the aerospace 
sector have to be regularly monitored 
according to these standards to ensure 
that no depreciation of the image quality 
is occurring. For this reason, the ASTM 
E 2737 introduces a phantom, which is 
basically a step wedge with two thicknesses 
out of the same material as the inspected 
object. The thin step has to equal the 
thinnest inspected wall thickness and 
the thick step has to equal the thickest 
inspected wall thickness. On the thin 
step, there has to be a hole-type image 
quality identifier (IQI) and a duplex IQI, 
while on the thick step just a hole-type 

IQI is required. With such a phantom, it 
is possible to check several performance 
indexes like spatial resolution, contrast 
sensitivity, signal-to-noise ratio, contrast-
to-noise ratio, dead pixels, and many 
more. A more detailed description of these 
parameters can be found in part two of  
this series.

In total, there are roughly 15 ASTM 
and ISO standards defining the use of 
image quality identifiers, evaluation of 

computed radiography system quality, 
focal spot measurement, implementation 
of DICONDE (ASTM, 2015), and 
others. Due to this high complexity, 
most aerospace OEMs have written their 
own company specifications, which are 
basically referring to the ASTM standards. 
Additionally, these standards are also 
extending the industry standards with 
specific process requirements. Due to this 
fact, these documents are the superseding 

Figure 1. Screenshot: (a) automated dead pixel evaluation and correction; (b) the automated 
evaluation of a phantom used for digital systems, as defined in ASTM 2737.

(a)

(b)



standards, which suppliers of those 
companies have to follow to pass an audit. 
In the appendix of this article is a list with 
the most important and commonly used 
quality standards in use in the aerospace 
sector, which should be available for Level 
IIIs responsible for digital radiography 
at any time. Most OEMs require their 
supplier to be qualified by NADCAP 
(AC7114-6), which would go beyond the 
scope of this article. It shall simply be noted 
that NADCAP is a comprehensive process 
audit system that qualifies not only NDT 
processes, but also manufacturing processes, 
documentation, materials, and much more. 

Automotive
The automotive industry has less strict 
quality standards than the aerospace sector, 
but poses other challenges. Suppliers 
of the big OEMs mainly have to deal 
with their specific quality specifications, 
which largely refer to the ASTM defect 
catalogues and classes. A typical application 
is to find inclusions or porosities in safety 
relevant casting parts. As we are looking 
at rather big discontinuities compared 
to the aerospace sector, the focus of this 
section will not be so much on the quality 
side but more on the real challenges 
of the automotive industry: the sheer 
production volume and cost pressure 
demands for high automation and efficient 
processes. A common way to increase the 
system throughput is the use of either 
semiautomated systems through ATS or 
even ADR (VisiConsult, 2016a), which 
were already introduced in the previous 
article. Figure 2a shows how an ADR can 
reliably detect porosities in a common 
automotive cast part, while  
Figure 3 shows how a process could 
be automated to increase the overall 
throughput and allow 24/7 operation. 

The automotive industry was the first 
to widely adopt digital technology, as the 
throughput of inspection by film is just 
not feasible. The necessity to use X-ray 
for quality control came up with the 
switch from steel to lighter materials like 
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Figure 2. X-ray use in the automotive industry: (a) screenshot of an automated  
defect recognition (ADR) software that can detect porosities and inclusions in casting parts;  
(b) typical part created through additive manufacturing; (c) detailed inspection through 
computed tomography to create virtual cuts through the part and to perform dimensional 
analyses.

(a)

(b)

(c)
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aluminum or magnesium, and with the use 
of more complicated structures. The newest 
trend of introducing high-end materials like 
carbon fibers and advanced manufacturing 
methods like additive manufacturing 
will lead to another change in inspection 
technology over the next decade and is 
forecasted to dominate the discussions. 
Most likely these technologies will lead to 
a heavier usage of computed tomography 
(VisiConsult, 2016b) directly implemented 
into the production line. Figures 2b and 2c 
show a typical part created with additive 
manufacturing and its inspection through 
computed tomography.

Oil and Gas
The oil and gas sector is rather special as it is 
very diversified. On the one hand, there are 
stationary systems used to inspect pipeline 
segments right after production, as seen in 
Figure 4. On the other hand, mobile systems 
are used to inspect welding lines directly 
after welding segments together in-field, 
which can be seen in Figure 5. As most 
inspection tasks in this sector are related to 
weld inspection or corrosion measurement, 
the applicable quality standards are mostly 
defined by ASTM, API 5L, and ISO, and 
are complemented by company-specific 
standards. In this sector, the huge advantage 
of digital radiography is that inspectors 
get immediate image and feedback. In 
the past, it was required to first develop 
the film, which introduced a major delay. 
For example, the circumferential welds 
connecting pipeline segments have to be 
X-rayed in-field. After the welders finish a 
section, it can be inspected. With digital 
radiography, this step can be directly 
performed and reworks can be done by 
the welding team if required. Another 
example is the post-production inspection 
of longitudinal welds of submerged arc 
welded pipes. This was a tedious and time-
consuming process. A revolutionary new 
process has been developed allowing in-line 
inspections of the segments using digital 

Figure 3. An example for an automated system using an industrial robot.

Figure 4. Stationary system to inspect longitudinal welding lines on submerged arc-welded 
pipeline segments.

Figure 5. Highly mobile X-ray system consisting of a digital detector and a battery-operated 
tube designed for in-field inspection of welding lines or to perform corrosion measurements.
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radiography using a carbon fiber boom  
that houses a digital detector, as shown 
in Figure 6a. This way, the detector is 
physically protected from dust, water, heat, 
and damage, as can be seen in Figure 6b.  
A further benefit is that the ultrasonic 
testing (UT) inspection can be merged 
with the X-ray inspection. Manufacturers 
now have to invest in only one inspection 
system covering both methods, and can 
save a big amount of money and space on 
the manufacturing floor.

Defense and Military
The last and very brief section will cover 
the military and defense sector. This 
sector is dealing with a huge variety of 
inspection tasks, ranging from high-
energy inspections of propellants using 
linear accelerators to in-line inspection of 
grenades and shells. The defense sector has 
very similar quality requirements to the 
aerospace sector, but even exceeds them 
in many cases—especially if explosive 
materials are involved. As most information 
in this industry is highly confidential and 
classified, not too much can be shared in 
this section. To provide one example, a 
well-known hand grenade manufacturer 
performs a sophisticated quality control 
on every produced unit. As we are talking 
about a high-volume production, human 
operators frequently missed discontinuities 
with potentially severe consequences. 
Therefore, an automation system with 
ADR was implemented to ensure 100% 
inspection, including dozens of checks like 
completeness checks, alignment checks, 
discontinuity analyses, homogeneity checks, 
and many more, as shown in Figure 7. Of 
course, systems have to be designed in a 
special way to have an antistatic design that 
ensures safe handling of explosive material. 
An example of such a system is shown in 
Figure 8. Designed for tangential inspection 
of solid-state rocket propellants, it is a 
customized system for a leading rocket 
manufacturer and allows operators to use 
high-quality real-time inspection to detect 
discontinuities more reliably.

Figure 6. Novel concept of testing longitudinal submerged arc-welded pipelines in an in-line 
system: (a) by using a carbon fiber boom to house and protect the detector; (b) showing how 
the detector is encapsulated by the fiber structures.

(a)

(b)

Figure 7. Screenshot showing in-line inspection of a hand grenade. Dozens of quality checks 
and measurements are performed per unit.
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Summary and Conclusion
The purpose of this final part of this 
series is to give operators and managers 
an overview about the use of digital 
radiography in different industries and 
introduce some unique characteristics and 
challenges of each sector. Implementing 
a new technique is never an easy step 
and should be prepared with utmost care 
to avoid costly pitfalls. Even though the 
above-mentioned characteristics are typical 
for their industries, it is no surprise that 
every NDT project and process is unique 
and might be slightly or significantly 
different; this could lead to completely 
new requirements for the equipment and 
systems. Therefore, it is highly suggested 
to get in touch with a flexible solution 
provider at a very early state to work out 
the system requirements as outlined in the 
second article of this series. 

Appendix – Quality Standards
l ASTM E 747 - Standard Practice for 

Design and Manufacture of Wires IQIs 
Used for Radiology

l ASTM E 1025 - Standard Practice for 
Design and Manufacture of Hole–Type 
IQIs Used for Radiology

l ASTM E 1165 - Standard Test Method 
for Measurement of Focal Spots by Pinhole 
Imaging

l ASTM E 1316 - Standard Terminology for 
Nondestructive Examinations

l ASTM E 1817 - Standard Practice 
for Controlling Quality of Radiological 
Examination

l ASTM E 1742 - Standard Practice for 
Radiographic Examination

l ASTM E 2002 - Standard Practice for 
Determining Total Image Unsharpness in 
Radiology

l ASTM E 2339 - Standard Practice for 
DICONDE

l ASTM E 2597 - Standard Practice for 
Manufacturing Characterization of Digital 
Detector Arrays

l ASTM E 2699 - Standard Practice 
DICONDE for Digital Radiographic (DR) 
Test Methods

l ASTM E 2737 - Standard Practice for 
Digital Detector Array Performance 
Evaluation and Long-Term Stability

l EN 4179 - Qualification and Approval of 
Personnel for Non-Destructive Testing

l ISO 19232 - Non-destructive Testing: 
Image Quality of Radiographs

l EN 12543 - Non-destructive testing - 
Characteristics of focal spots in industrial 
X-ray systems  h
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It is my pleasure to introduce myself  as the new technical 

editor of  The NDT Technician. I have been invested and involved 

in the ASNT community for many years, from my first role as 

the chair of  the San Diego Section’s education committee in 

1984 to my time serving as ASNT President in 2013 and beyond. 

In my NDT career I have worked in many methods, including 

radiographic testing (RT), liquid penetrant testing (PT), magnetic 

particle testing (MT), eddy current testing, ultrasonic testing 

(UT), and visual testing (VT), and have performed inspections 

on all types of  commercial and Navy ships, tall buildings and 

bridges, oil rigs, and many different types of  aircraft. In my 

career, I’ve learned that there are no shortcuts in NDT; in our 

industry, “good enough” just isn’t good enough.

Technicians play an invaluable role in creating a safer 

world. As I reflect on my career, I remember the lessons I 

learned whenever I heard about a plane that crashed, or a 

rail car accident. I would look at these accidents and think, 

“How could NDT have prevented this tragedy?” Early in my 

career, I performed magnetic particle inspections on aircraft 

carrier catapult systems. I made very sure that every step was 

followed to the letter, and looked for the things that the process 

wouldn’t necessarily find. As an NDT technician, we often are 

the experts needed to ensure that the parts or structures being 

manufactured or repaired will operate as designed and will 

maintain system integrity as expected. I remember one incident 

where an NDT technician performed UT shear wave on a gun 

mount reinforcing deck insert and detected a large crack in the 

38 mm (1.5 in.)-thick weld. The production department wanted 

to have a picture, so I went out and performed radiographic 

testing on the location. As it turned out, the radiograph did not 

show any crack. After much discussion with management and 

production, I went back out and re-tested the location, using an 

angular radiographic technique—not a common procedure—and 

the crack was detected. This is a clear example where not one 

method is all-inclusive. It is the technician who has to state that 

the component is acceptable, and it is the technician who must 

say, “Good enough—just isn’t good enough.” I have had many 

incidents where I have had to verify findings using other NDT 

methods or using other processes. 

Letter from the Technical Editor
by Raymond G. Morasse

FOCUS

Past President Raymond G. Morasse, seen here at the 2012 
ASNT Annual Conference, now serves as the technical editor of 
The NDT Technician.
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I am often asked to define the role of  an NDT technician. His or 

her job is to perform testing on products or components and verify 

that they will perform as expected. Today, unlike when I started out, 

when an NDT technician says something is good, it gives everyone 

a sense of  satisfaction. Knowing that satisfaction is very rewarding. 

Welders and foundry workers can have a reputation for doing good 

work, and that gives everyone a good feeling, but it is the NDT 

technician who gives everyone a sense of  satisfaction for a job well 

done. It is the NDT technician who places the stamp of  approval on 

work performed by the trades. His or her signature provides the worker 

with satisfaction, and it also provides management and the owners with 

satisfaction that they are getting work and/or a product that will stand 

the test of  time. It also gives the engineers the assurance that what they 

designed will perform as expected, and this truly is the satisfaction that 

technicians receive when they perform their jobs well. It makes all the 

hours of  study and training worthwhile.

As the processes become more and more refined, and the 

requirements more and more finely tuned, the role of  the NDT 

technician has become more important, often because of  the 

individuals he or she communicates with. Today’s technician often 

must work with metallurgists, welding engineers, process engineers, 

architects, and designers. It’s not always about metals, as it was when I 

worked NDT. Today, NDT technicians are often involved throughout 

the entire process. This is why it is so important for technicians to 

continue their education throughout their careers. They will find that 

there is always something new to learn, and that education can come 

from many different sources, including the knowledge and expertise of  

their fellow practitioners. That is why I would recommend that if  you 

plan to make NDT your career, find and network with others in your 

field, and especially become a member of  ASNT.

Membership in ASNT benefits technicians not only in their 

employment, but also in their career development. Involvement in the 

community is key, and publications like TNT provide an opportunity 

to “shrink the globe” and allow technicians from all over the world to 

exchange ideas, technological advancements, and on-the-job experience. 

This is why submissions from you, the technician, are so important: 

you are not just the audience for this newsletter, but its voice, as well.

I’m looking forward to reading your articles, and welcome your 

feedback and suggestions.  h
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Marybeth Miceli is the president 
and founder of Miceli Infrastructure 
Consulting, LLC and the cofounder 
of We-NDT Marketing Network, and 
currently works full-time with Metal 
Fatigue Solutions. As a materials science 
engineer, Miceli has worked in many 
areas of NDT, including structural 
health monitoring and infrastructure. 
She is an ASNT Fellow, has been the 
recipient of numerous ASNT awards, 

and has served on the Board of Directors, the Section Operations 
Council, and the Technical and Education Council Infrastructure 
Committee.
Q. How did you begin your career in NDT?
A. The day before I started undergrad at Johns Hopkins 

University, I read an article about nondestructive evaluation 
(NDE) of infrastructure. I had entered school as a civil 
engineer, wanting to build bridges, but after reading the 
article by Dr. Robert Green, I knew I wanted to evaluate 
the bridges and make sure they were safe. During my second 
week of school I went to Green’s office and said I’d like to 
work for him. His administrative assistant said he really only 
had materials science engineers work for him. So I changed 
my major and went back a few weeks later and asked again. 
I think my persistence (or Jersey Girl pushiness) got me 
the job. I started working with Green (head of the former 
Center for NDE [CNDE] there), Dr. James W. Wagner 
(who was the department head at the time), and Dr. Boro 
Djordjevic my freshman year, and I worked in their labs on 
various NDE/NDT projects throughout my four years at 
Hopkins. Between my junior and senior years, I interned at 
the Federal Highway Administration’s new NDE Validation 
Center with Glenn Washer, who was completing his Ph.D. at 
Hopkins at the time. 

Q. Can you tell us about your certification and training?
A. The majority of my work is in the field of structural and 

condition monitoring, as well as consulting on advanced 
and emerging NDT methods. During my first job in New 
York City, I was certified in accordance with Recommended 
Practice No. SNT-TC-1A as Level II in infrared and thermal 
testing (IR), visual testing (VT), liquid penetrant testing 
(PT), and magnetic particle testing (MT), and a Level I in 
ultrasonic testing (UT). I am also a registered Chartered 
Engineer with the Engineering Council through the British 
Institute of Non-Destructive Testing (BINDT).

Q. Describe the work you do.
A. Well, my seven-year-old told people, “Mommy talks on the 

phone” when asked what I do for work; thank goodness 
he followed it with, “and helps save lives.” Early in my 
career, I worked on projects such as site safety at Ground 
Zero following 9/11, hardness testing of the Empire 
State Building antenna structure, transportation project 
management for the construction of Citi Field, and strain 
gaging of the Miller Park retractable dome. More recently 
in my career I have focused on structural health monitoring 
(SHM) consulting; I’ve worked on the George Washington 
Bridge, the New Jersey Turnpike, and various bridges across 
Pennsylvania and the country. I generally help owners 
develop SHM scopes of work for proposals as well as 
manage instrumentation projects. I additionally have helped 
technology development companies move into the bridge 
industry through what I have termed “parallel technology 
transfer.”

Q. What is your educational background? How do you keep up 
with changes in technology? 

A. I did my undergraduate work at Johns Hopkins University 
when the Center for Nondestructive Testing was there, 
working for Green and Djordjevic. I then got my master’s 

Marybeth Miceli

Practitioner ProfilePractitioner Profile
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degree at Virginia Tech with Dr. John C. Duke, Jr. working on IR 
of fibre-reinforced polymer (FRP) bridge decks. My entire job is 
really to be well versed in emerging technologies. It involves a lot of 
reading and continuing education at conferences. 

Q. How important is a background in engineering or mechanical systems 
to NDT technicians? How important is a college degree?

A. I think a background in engineering or mechanical systems is 
invaluable. Understanding how systems and structures work 
and operate allows you to determine where to look for potential 
problems with NDT. Depending on where you want to go with 
NDT—research, management, or field work—a college degree 
is not necessarily important. What’s most important in NDT is 
obtaining problem-solving skills and having the drive to work hard.

Q. Have you ever had/been an NDT mentor? How helpful have 
mentoring relationships been in your work?

A. The importance of mentoring cannot be underestimated. I’ve been 
blessed with a number of mentors in NDT looking to help me 
out over the years—Drs. Green, Djordjevic, and Duke, as well as 
Bill Via and Ricky Morgan, to name a few. Those relationships 
have really been fostered through activity in ASNT as well. 
In terms of mentoring others, I hope I’ve made some impact. 
I started the e-Mentoring Program in ASNT to help younger 
professionals across the globe connect with more experienced 
NDTers. Sometimes it is not an easy industry to be in and stand 
your ground when some owners may want you to “just sign off ” on 
inspections, and I think it is particularly helpful to have someone 
to talk to in those instances. I’ve tried to mentor others at every 
formal and informal opportunity, particularly for women if I can. 
Since women make up only 4% of the industry (which may be an 
optimistic number), I feel a responsibility to help other women 
in the industry as much as possible. That is one of the reasons I 
pushed to get the Recognition for the Advancement of Women 
in NDT award at ASNT in place. I also get involved with groups 
such as the American Aerospace Technical Academy (AATA) that 
help veterans and people from disadvantaged neighborhoods gain 
a career through NDT education. I love being able to speak to 
these students about NDT.

Q. How did you decide to start your own business?
A. Well, by any sane person’s standards, I would not have done so 

initially. My son was seven months old and we had just bought a 
house five months earlier, but I guess life is never neatly packaged. 
The start-up I had been working for was struggling after a change 
in ownership, and in the year preceding the formation of Miceli 
Infrastructure Consulting, I had seen many owners struggle 
with sifting through all the new technology out there. Owners, 
particularly in the bridge industry, were wanting to use structural 
health monitoring, but were not sure how to get meaningful data 
from it in order to make decisions. Likewise, SHM technology 

manufacturers were unclear about what was important to the 
bridge industry and how to talk with owners about the value of 
their technology. I saw a real need in the marketplace to become 
that bridge for them so that good technologies could be adopted 
more easily and so that owners could obtain actionable data, 
saving time and money and increasing safety. I brought several 
technologies over from other industries to the bridge industry 
and coined the phrase “parallel technology transfer.” One of those 
clients I helped was Metal Fatigue Solutions, and in the past year 
I went to work for them full-time in order to manage one of their 
big contracts and help them with global business development. 
Generally, I go where I feel I can make the most impact in the 
industry. It’s been a very rewarding career following that path, even 
when that path is unclear at first.

Q. How has ASNT membership/Section involvement benefitted your 
career?

A. Wow, how hasn’t it benefitted my career? Being involved in ASNT, 
not just being a member, has allowed me to be on the cutting 
edge of the industry and emerging technology. I can continue my 
education while networking with the greatest minds in our field. 
What I love about ASNT is that it brings together the technicians 
on the front lines with manufacturers, researchers, and educational 
institutes all in one place. This allows the industry to move forward 
faster than others and fosters relationships where each group 
can help the others excel. Being involved at the section level was 

Marybeth Miceli with her son, Sammy, at the 2010 International 
Bridge Conference.
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particularly rewarding for me, as you help members connect to the 
larger organization and become a conduit for information in both 
directions. I will also add that throughout my career, when I was 
frustrated at work, involvement in ASNT allowed me to continue 
to make a difference and feel good about the work I was doing.

Q. What’s been your most interesting/unusual application of NDT?
A. Actually, I think my thesis work was pretty unusual. We were doing 

infrared thermography on FRP bridge decks in-situ at a weigh 
station in Virginia, so we had to build a large hot air convection 
device and heat up the deck in order to inspect it, and we needed 
to do it prior to sunrise. So, I think blowing hot air into a bridge 
deck from underground in the dark was certainly a strange 
experience. But I’ve called my overprotective Italian mother from 
the antenna of the Empire State Building, roofs of stadiums, the 
inside of dams, the top of bridges, and various other strange places, 
just to freak her out. I guess that kind of variety and excitement is 
one of the reasons I got into the industry.

Q. What’s the best part of NDT? 
A. The best part of NDT is being able to help save lives while 

solving problems and being an innovator. It is both challenging 
and rewarding. I can look around at various cities and point to 
structures I’ve worked on and say, “I’ve made a difference.” That 
is priceless. I really enjoy talking to owners about getting better 
information from their structures and showing them how it can be 
incorporated into their structural preservation decision-making. 
And I like finding new applications for good technologies in other 
industries and in areas where they can make the most difference.

Q. What is the best way for a technician to advance his or her career in NDT?
A. Get involved. In ASNT, in your place of employment, wherever 

you can help. You gain knowledge about how the decisions are 
made and in time you are called on to help make those decisions. 
That and also, work hard.  h

You can reach Marybeth Miceli at miceli@metal-fatigue-solutions 
.com or at Marybeth@miceliconsulting.com.

More of Marybeth Miceli’s interview can be found at: http://tc.asnt.
org/pro/b/practionerprofile.com.
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