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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.
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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.
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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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Figure 8. Inspection system for solid-state rocket propellants using a tangential method and
real-time radiography.


