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XEO:

XEQ introduces a new generation
of hardware and software
capabilities designed to support
both today’s inspection needs and
future compliance requirements.
Many of these features operate
quietly in the background, yet they
play a crucial role in reliability,
flexibility, and long term system
value. This article highlights key
design choices behind XEO and
explains how performance, usability,
and compliance were intentionally
combined into a future-proof
inspection platform.

Rugged Architecture

XEQ's high-performance electronics
are protected within an |P65-rated
enclosure, with vibration approval.
This mechanical design ensures
reliable operation in demanding
field environments while protecting
sensitive components throughout
the instrument's full service life.

Figure 1 Rear of the instrument, showing the
battery bays. The 2 yellow side lids each conceal
the USB-C ports

ndtcorner.com
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CONTINUOUS POWER
AVAILABILITY

Two hot-swappable batteries
provide up to six hours of real
inspection time and remain
compatible with previous-
generation bay chargers. This
allows uninterrupted operation
during long inspections and
simplifies fleet management for
existing Sonatest users.

MODULAR CONNECTIVITY WITH
MINI-DOCKS

XEQ's interchangeable mini-dock
system allows inspection to scale
from a single PA to a dual PA and
up to eight UT channels without
external adapters. Mini-docks can
be replaced in seconds, enabling
the same instrument to support a
wide range of PAUT, TOFD &
multi-scan applications.

26 PA
Bx LT
1x PA
ﬂ m @ 2

Figure 2 XEO offering a wide range of PA and
UT splitter configurations

ENCODER INPUT

A new 3-axis encoder interface
using a 16-pin LEMO 1 connector
supports encoded inspections.
This ensures accurate positional
tracking for complex scan plans
and supports consistent, auditable
inspection results.

@/ndt-comer

USB-C POWER & HIGH-SPEED DATA
XEQ's USB-C ports provide both
power and high-speed data transfer,
supporting device charging and
external fast storage like SSDs (up to
7.5 W per port at 10 Gbps). This
facilitates modern workflows without
compromising performance or data
integrity. The external power supply
includes a high-power 100-watt USB-
C, allowing you to fast-charge
compatible USB-C devices.

FLEXIBLE DISPLAY OPTIONS

HDMI & USB-C video outputs
support both mirrored and extended
screen modes. Flexibile training,
remote & advanced analysis
workflows. When combined with
keyboard and mouse support, XEO
functions as a complete workstation,
expanding layout space & improving
visual clarity to 4K monitors.

Figure 3 Extended USB-C display setup:
Scanning specimen and get its weld PDF spec

sheet at the same time.

HUMAN-CENTERED INTERFACE
The user interface is built around an
11.6-inch HD touchscreen by a 360-
degree joystick with a clicker. Touch
enables intuitive scan-plan
interaction, while full joystick control
guarantees usability in wet, cold, or
gloved conditions.

NDT SCOOP quarterly magazine by NDT CORNER 8



XEO: Compliance & Future-Proof Tech

INTEGRATED OS TOOLS

XEO runs a KDE Linux environment,
providing native access to file
management, PDF documentation,
and multimedia tools.

Remote Desktop Protocol (RDP)
enables secure screen sharing for
remote support, training, or

collaboration through platforms, such

as Microsoft Teams.

SECURITY AND COMPLIANCE
FOUNDATIONS

XEQ is certified to I1SO 18563-1:2022
and ISO 22232-1:2020, covering both
phased array performance and
general ultrasonic testing
requirements.

The system has been designed with
cybersecurity in mind, aligning with
the requirements of EN 18031-1:2024
under the Radio Equipment Directive
(RED) 2014/53/EU.

As ultrasonic instruments increasingly
connect to networks, software
integrity and data protection are
critical design considerations.

XEQ ensures software integrity
through a secure boot architecture
and supports both over-the-air (OTA)
and offline updates. Access control
and system design measures reduce
exposure of connected interfaces,
enabling secure deployment in
networked environments

For compliance-related information
or application guidance, please
contact SONATEST. Our team will be
happy to support you in confirming
that XEO aligns with your company’s

inspection procedures and regulatory

requirements.

ndtcorner.com ® /ndtcorner

Figure 4 KDE on XEO transforms the device into a full PC.

.ONDE
Open data file format

Ready for Al integration
and system automation

16-pins LEMO 1K (3 axis)

Simuitaneously runs:
Up to 10 PAUT - TFM/TFMi
scans up to4 TOFD

Remote APl with full access to
parameters and the datastream

1920x1080 high-resolution
touchscreen

Integrated speaker /

Figure 5 Operating features, connectivity, not just for NDT.
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This is the second in our RT
series. In our previous article,
Your Films Know More Than
Your Ruler Can Tell You, we
explored how digital
measurement standardization
can dramatically reduce
operator variability in wall
thickness profiling. Request a
copy from us if you missed it.

THE PROBLEM RTR LEAVES

UNANSWERED

Real Time Radiography (RTR) has
become a valuable screening tool
for Corrosion Under Insulation
(CUI). The ability to see through
insulation without removal, in real
time, in the field, is a genuine step
forward for inspection efficiency.
RTR finds things that would
otherwise require opening up
insulation across hundreds of
metres of pipe. But RTR has
historically struggled to answer the
follow-up question that matters
most to asset integrity engineers:
how bad is it? Seeing a scale
formation indication is one thing.
Knowing whether it warrants
immediate intervention or
continued monitoring is another.
Pulsed Eddy Current (PEC) - a
common alternative for CUI
screening - provides a material
thickness reading but cannot
distinguish whether that thickness is
coming from the pipe wall, scale,
weld, or insulation interaction.

ndtcorner.com
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Sizing CUI Defects Without Opening the

Insulation

How a digital measurement platform can turn RTR from a

screening tool into a sizing tool for CUI inspection.

It tells you a number; it cannot
show you the picture.

RTR, by contrast, gives you the
picture. What it has not been able
to give you is a reliable size. This
has created a persistent challenge
in field practice: RTR identifies
anomalies, and teams must
decide whether to open the
insulation based largely on visual
judgement alone. The result is
two costly failure modes - missed
scale formations that look minor
on screen but are not, and
unnecessary insulation removal for
indications that turn out to be
insignificant. At MasterAlIR, we
asked whether this gap could be
bridged and whether the
geometry of the RTR system itself
could be used to produce
calibrated size estimates directly
from the image.

WHAT DOES AN RTR

IMAGE ACTUALLY SHOW?

RTR works by directing X-rays
through the pipe and insulation
onto a digital detector. Denser
material absorbs more radiation
and appears darker in the image;
less dense material or voids
appear brighter. In a healthy pipe,
the image shows a relatively
uniform profile across the
boundary between the pipe wall
and insulation.

@ /ndt-corner

Figure A: Typical RTR image

showing a smooth boundary
between the pipe wall (black)
and insulation (grey)

Scale formation - the buildup of
iron oxide and corrosion product
on the internal or external pipe
surface - appears as irregular
regions within the pipe profile.
The shape, position, and
apparent size of these regions
are what the inspector uses to
judge severity. In practice,
however, what appears large on
screen may be minor once the
insulation is removed, and what
appears minor may be
significant. This is the core
limitation RTR has faced: the
image tells you where, but not
how much.

Figure B: Typical RTR image showing
scale formation. The ‘scaly’ layer at
the boundary between the pipe
(black) and insulation (grey) depicts
scale formation.

NDT SCOOP quarterly magazine by NDTCORNER 10



Sizing CUI Defects Without Opening the Insulation

THE CHALLENGE: RTR
IMAGES ARE NOT TRUE-
TO-SIZE

X-ray images are not
photographs. Unlike a camera,
which captures light reflected off a
surface, RTR captures X-rays
transmitted through the object.
The size of what appears on the
detector depends not just on the
actual size of the object, but on
where that object sits between the
X-ray source and the detector.
When an object is close to the
source and far from the detector,
it casts a larger shadow on the
detector than its true size
(magnified). When it sits directly
against the detector, the shadow
is close to true size. This
phenomenon, known as X-ray
geometric magnification, means
that every RTR image is magnified
to some degree depending on
the geometry of the inspection
setup.

In a field CUl inspection, the RTR
system is placed against the
outside of the insulation. The pipe
wall itself sits some distance away
from the detector, inside the
insulation layer. This means every
scale indication seen on an RTR
image is already magnified and
without accounting for that
magnification, any size estimate
made directly from the image will
be inaccurate.

The Go-Scan C-View by Teledyne
ICM was the RTR system used in
this study. The inspection
geometry was used to calculate an
estimated calibration ratio.

ndtcorner.com
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TRIAL SETUP: VALIDATING
THE APPROACH

To test this concept, we set up a
controlled trial using an I1SO 19232
|Ql Duplex Wire - a standard
image quality indicator with known
wire spacings commonly used in
radiographic testing. The QI was
placed at three different distances
from the X-ray source, simulating
the range of object-to-source
distances encountered in real CUI
inspections on pipes of different
diameters and insulation
thicknesses.

At each distance, an RTR image
was captured and loaded into our
AIM platform. AIM accounts for
the known system geometry,
validates against the reference
point dimensions visible in the
image, and applies a corrected
calibration to produce a size
estimate. The result was compared
against the known physical
dimension of the |Ql wire spacing.

Figure 1 shows the trial setup at 40
cm, 50 cm, and 60 cm,
respectively. Figures 2-4 show the
corresponding RTR images of the
|Ql at each distance - note the
visible change in apparent wire
spacing as the geometry changes.
Figures 5-7 show the AIM
measurement interface for each
image, including the density graph
used to locate wire edges and the

calibrated measurement result.

@ /ndt-corner

[Figure 1: Trial setup photographs at 40
cm, 50 cm, and 60 cm]

Q

[Figures 2-4: RTR images of IQl Duplex
Wire at 40 cm, 50 cm, 60 cm]
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Sizing CUI Defects Without Opening the Insulation

[Figures 5-7: AIM measurement screenshots at each distance showing density graph and calibrated measurement]
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Sizing CUI Defects Without Opening the Insulation

RESULTS

Cal. MeasuredCalculated Actual Error
(mm) %

px/mm  (px) (mm)

16.44 | 23277 14.16 15 [5.61%
13.15 | 188.03 14.30 15 |4.69%
10.96 | 166.35 15.18 15 [1.19%

Table 1: Magnification-corrected 1Ql
measurement results at 400, 500, and
600 mm SOD

At 600 mm SOD - the geometry
closest to a real CUI touch shot on
typical pipe and insulation profiles -
the error was just 1.19%. At 500
mm, the error was 4.69%. At 400
mm, 5.61%. All three results are
within a range that provides
actionable screening value.

WHAT THIS MEANS IN
PRACTICE

The practical implication is
significant. RTR has long been used
as a go/no-go screening tool where
you see an indication and decide
whether the insulation comes off.
That decision is currently made on
visual judgement alone. What this
trial demonstrates is that with a
known system geometry and a
calibrated measurement platform,
it becomes possible to attach an
estimated size to a scale formation
indication before any insulation is
opened. Consider the cost of
unnecessary insulation removal: the
scaffolding, the labour, the
insulation material itself, and the
new corrosion risk created by
reinstating insulation on disturbed
pipe sections. If an RTR indication
can be screened to under 5% error
in size estimation at typical
inspection distances, a proportion
of low-severity scale formations can
be confidently deferred or
deprioritised without opening the
insulation at all.

ndtcorner.com

®/ndtcorner

Equally, the ability to size a severe
indication, one that measures
significantly beyond acceptable
limits, even accounting for
estimation error, adds confidence
to urgent intervention decisions,
particularly in time-constrained
turnaround or shutdown contexts.
This is an estimated screening

measurement, where if the field
scenario is known with
confidence, the method performs
well. Where they are estimated,
users should apply appropriate
engineering judgement.

THE ROLE OF AIM

The measurement workflow
described here is implemented
within AIM, MasterAlIR's digital
inspection platform. The process
is straightforward: the RTR image
is uploaded, the operator inputs
the known system geometry, and
AIM accounts for magnification,
validates against reference point
dimensions visible in the image,
and applies a corrected
calibration to produce a size
estimate.

The density graph, visible in the
measurement screenshots,
provides a pixel intensity profile
across the measurement line,
allowing the operator to identify
scale formation boundaries with
precision beyond what is visually
discernible in the image alone.
Inner and outer edge positions
are marked, and the calibrated
distance is calculated and

displayed in millimetres.

@/ndt-corner

The machine handles the
calibration and the edge
detection. The inspector makes
the engineering call.

We are actively looking to work
with inspection teams running
live CUI campaigns to reimagine
corrosion under insulation

inspection programs.

Request the previous article
or learn more about AIM

masterair.ai
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ABSTRACT

Qil and Gas assets operate under
extreme mechanical, thermal, and
chemical conditions that pose
significant integrity risks throughout
their lifecycle. Traditional asset
integrity management practices,
largely based on periodic
inspection and conservative
engineering assumptions, are
increasingly challenged by aging
infrastructure, operational
variability, regulatory scrutiny, and
workforce transitions. At the same
time, damage mechanisms such as
corrosion, environmental cracking,
fatigue, erosion, and material
degradation are becoming more
complex and less predictable under
modern operating regimes. Digital
Twin technology is emerging as a
critical enabler for predictive, data-
driven asset integrity management.
By integrating physics-based
engineering models with real-time
operational, environmental, and
inspection data, Digital Twins
provide continuous insight into
asset condition, degradation
behavior, and future performance.

This paper examines the role of
Digital Twins in redefining asset
integrity management across
upstream, midstream, and
downstream Oil and Gas facilities.

ndtcorner.com
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Digital Twins and the Future of Asset
Integrity Management in the Oil and
Gas Industry

Particular emphasis is placed on
monitoring and managing
environmental corrosion cracking
and other safety-critical damage
mechanisms. Benefits, limitations,
and implementation considerations
are discussed, with alignment to
established standards such as AP
580/581, APl 579-1/ASME FFS-1,
ISO 55000, and regulatory integrity
management frameworks. The
paper concludes that Digital Twins
represent a foundational shift
toward continuous, auditable, and
risk-based integrity assurance in
the Oil and Gas industry.

1. INTRODUCTION

The Qil and Gas industry manages
some of the most complex, capital-
intensive, and high-risk engineered
assets in operation today. Offshore
platforms are exposed to cyclic
wave loading, corrosive marine
environments, and extreme
weather. Pipelines transport
hydrocarbons over vast distances
under fluctuating pressure,
temperature, and flow conditions.

Refineries and gas processing
plants operate with aggressive
chemicals, high temperatures, and
continuous mechanical stress.
Liquefied natural gas (LNG)
facilities experience severe thermal
cycling during liquefaction and
regasification processes.

@ /ndt-corner

Failure of these assets can result in
major safety incidents,
environmental damage, regulatory
non-compliance, and substantial
economic loss. As a result, asset
integrity management has long
been a core discipline within the
Oil and Gas sector, integrating
inspection, engineering
assessment, maintenance
planning, and risk management.
Historically, integrity programs
have relied on periodic
inspections, prescriptive codes,
and conservative engineering
assumptions. While these
approaches have prevented many
failures, they are increasingly
strained by modern operational
realities. Infrastructure is aging well
beyond its original design life,
operating envelopes are becoming
more dynamic, and regulatory
expectations are shifting toward
continuous demonstration of
integrity. In parallel, the industry is
experiencing a loss of experienced
personnel, reducing reliance on
institutional knowledge that once
compensated for limited data and
simplified models. Digital Twin
technology offers a pathway
toward a more predictive,
integrated, and defensible
approach to asset integrity
management. Rather than reacting
to damage after it is detected,
Digital Twins enable continuous
understanding of asset condition
and proactive management of
integrity risks.
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DIGITAL TWINS AND THE FUTURE OF ASSET INTEGRITY MANAGEMENT IN THE OIL AND GAS INDUSTRY

2. LIMITATIONS OF
CONVENTIONAL INTEGRITY
MANAGEMENT APPROACHES
Most conventional integrity
management systems remain
inspection centric. Assets are
examined at predefined intervals
using (NDT) techniques such as
ultrasonic testing, radiography,
electromagnetic inspection,
acoustic emission, guided wave
testing, and intelligent inline
inspection (ILI). These technologies
are well established and form the
foundation of many standards-
based integrity programs. However,
inspections provide only discrete
snapshots of asset condition.
Between inspection campaigns,
degradation mechanisms such as
corrosion, erosion, fatigue, and
cracking are typically assumed to
progress at constant or
conservatively estimated rates. In
practice, degradation behavior is
highly sensitive to operating
conditions. Changes in
temperature, pressure, flow
velocity, chemical composition,
water content, or contaminant
levels can significantly accelerate
damage. Transient operating events
further complicate integrity
assessment. Start-ups, shutdowns,
process upsets, and pressure
excursions often impose stresses
well beyond steady-state
conditions, yet their cumulative
effect is rarely quantified. As a
result, degradation between
inspections may remain undetected
until it reaches a critical stage.
Another major limitation is data
fragmentation. Design
documentation, inspection results,
operational data, maintenance
history, and risk assessments are
usually stored in separate systems
with limited integration. This
separation restricts the ability to
correlate operating conditions with
observed damage and increases
uncertainty in integrity decisions.

ndtcorner.com
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To manage uncertainty, engineers
often apply conservative
assumptions to corrosion rates,
crack growth models, and inspection
intervals. While conservatism
reduces immediate risk, it also drives
excessive inspections, unnecessary
repairs, and premature equipment
replacement. Lifecycle costs
increase without a proportional
improvement in safety or reliability.

3. DRIVERS FOR A PREDICTIVE
INTEGRITY MANAGEMENT
PARADIGM

Several structural trends are driving
the Oil and Gas industry toward
predictive integrity management.

First, aging infrastructure dominates
global asset portfolios. Many
pipelines, pressure vessels, and
offshore structures are operating
beyond their original design life,
often under conditions not
envisaged during design.

Second, operational variability has
increased. Production optimization,
debottlenecking, emissions
reduction strategies, and volatile
energy markets have expanded
operating envelopes and increased
the frequency of transient
conditions.

Third, regulatory expectations are
evolving. Regulators increasingly
require operators to demonstrate
continuous control of integrity risks
using auditable, risk-based
methodologies rather than reliance
on prescriptive inspection schedules
alone.

Fourth, the economic impact of
failures is significant. Unplanned
shutdowns, particularly in offshore
and LNG operations, can result in
losses far exceeding the cost of
preventive measures.

Finally, workforce transition is
reducing reliance on experience-
based judgment, increasing
dependence on systematic, data-
driven tools.

@/ndt-corner

Together, these drivers necessitate
integrity management systems
capable of continuously assessing
asset condition, updating risk
profiles, and supporting proactive
decision-making.

4. DIGITAL TWIN CONCEPT IN
OIL AND GAS APPLICATIONS

A Digital Twin is a continuously
updated virtual representation of a
physical asset that reflects its
actual operating condition over
time. Unlike static models
developed during design, a Digital
Twin evolves throughout the asset
lifecycle by integrating real-time
and historical data from multiple
sources.

In an Oil and Gas context, a Digital
Twin typically integrates:
o Structural and mechanical
o Thermal and flow behavior
o Corrosion, erosion, fatigue,
and damage accumulation
o Environmental and chemical
exposure data
Operational process data
Inspection and condition
monitoring data

This integration aligns closely with
the intent of risk-based inspection
(API 580/581) and fitness-for-
service (APl 579-1/ASME FFS-1)
methodologies, which rely on
accurate assessment of
degradation mechanisms,
probability of failure, and
remaining life. As new data
becomes available, the Digital
Twin updates model parameters,
reducing uncertainty and
improving predictive accuracy. This
enables engineers to understand
not only the current condition of an
asset but also how it is likely to
degrade under future operating
scenarios.
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DIGITAL TWINS AND THE FUTURE OF ASSET INTEGRITY MANAGEMENT IN THE OIL AND GAS INDUSTRY

5. INTEGRATION OF
INSPECTIONS WITHIN A DIGITAL
TWIN FRAMEWORK

Within a Digital Twin framework,
inspections remain essential but
serve a fundamentally different role.
Inspection data is no longer treated
as an isolated endpoint; instead, it is
used to validate, calibrate, refine
predictive models. High-quality
inspection data supports improved
characterization of defects,
verification of predicted corrosion
and crack growth rates, reduction of
uncertainty in remaining life
assessments, and continuous
improvement of risk models.
Repeated inspections enable direct
comparison between predicted and
observed degradation,
strengthening confidence in both
data & models. Digital Twins also
improve inspection planning. By
identifying high-risk locations and
degradation drivers, inspection
intervals and coverage can be
optimized based on actual operating
conditions rather than fixed
schedules. This closed-loop
approach aligns with the continuous
improvement principles embedded
in ISO 55000 asset management.

6. DIGITAL TWINS AND ENVI.
CORROSION CRACKING
Environmental corrosion cracking
(EAC) represents one of the most
critical threats to asset safety and
integrity in Oil and Gas operations.
This category includes stress
corrosion cracking (SCC), sulfide
stress cracking (SSC), hydrogen-
induced cracking (HIC), corrosion
fatigue, and microbiologically
influenced corrosion (MIC).
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These mechanisms are particularly
challenging because damage
initiation and propagation depend
on the interaction between material
properties, envi. chemistry, stress
state, and operating history.
Cracking often initiates at a
microscopic scale and may progress
rapidly once conditions become
favorable. Traditional integrity
programs struggle to manage EAC
effectively. Periodic inspections may
detect cracking only after significant
damage has occurred, while early-
stage degradation remains
undetected between inspections.
Furthermore, static assessments
rarely capture the influence of
transient operating conditions on
cracking susceptibility. Digital Twins
address these limitations by
integrating environmental,
mechanical, and operational data
into predictive cracking models.
Parameters such as temp., pressure,
pH, H,S and CO, partial pressure,
chloride concentration, flow regime,
and stress history are continuously
tracked. Physics-based models
aligned with APl 579-1/ASME FFS-1
guidance can then be used to
evaluate cracking risk and crack
growth rates under actual
conditions. As operating or
environmental conditions change,
the Digital Twin dynamically
updates cracking risk, enabling
earlier intervention and improved
safety margins.

7. ENVI. MONITORING AND
CORROSION SENSING

Effective Digital Twin
implementation for corrosion and
cracking management depends on
reliable environmental and
condition monitoring. Modern
Digital Twin architectures integrate
data from corrosion probes,
coupons, electrical resistance
sensors, linear polarization
resistance sensors, hydrogen
probes, and chemical analyzers.
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By correlating sensor data with
degradation models, Digital Twins
provide continuous insight into
corrosion rates and cracking
susceptibility. Sudden changes in
environmental parameters or
corrosion behavior can be detected
early, triggering targeted
inspections or operational
adjustments. This capability is
particularly valuable in systems
exposed to variable chemistry, such
as produced water handling, gas
pipelines with changing
compositions, and refinery units

operating under cyclic conditions.

8. OFFSHORE PIPELINES AND
CORROSION FATIGUE

Offshore pipelines and structures
are highly susceptible to corrosion
fatigue due to the combined
effects of cyclic loading and
aggressive marine environments.
Wave-induced stresses, vortex-
induced vibration, and pressure
cycling interact with corrosion
processes to accelerate crack
initiation and growth. Conventional
integrity programs often assess
fatigue and corrosion separately,
leading to incomplete risk
assessments. Digital Twins enable a
fully coupled evaluation by
integrating structural dynamics
models with corrosion and fatigue
crack growth models. This
integrated approach improves
prediction accuracy and supports
more reliable life extension
decisions. Inspection intervals can
be optimized, unnecessary repairs
avoided, and safety margins better
justified.
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9. SUBSEA SYSTEMS AND
LIMITED ACCESSIBILITY ASSETS
Subsea systems operate in
environments where inspection
access is limited, and intervention
costs are high. Digital Twins
extend visibility into these systems
by combining sensor data, flow
assurance models, and structural
analysis. Even with sparse
inspection input, continuous
modeling enables tracking of
degradation trends and
identification of emerging risks.
This supports proactive
intervention planning and reduces
dependence on reactive
maintenance strategies,
significantly improving safety and
economic performance in
deepwater developments.

10. INTEGRITY MANAGEMENT
IN REFINERIES AND
PROCESSING FACILITIES
Refineries and processing plants
experience multiple interacting
degradation mechanisms,
including corrosion, creep,
fatigue, and metallurgical
degradation. Traditional programs
often assess these mechanisms
independently, increasing the risk
of overlooking combined effects.
Digital Twins enable integrated
evaluation of thermal cycling,
pressure fluctuations, and
chemical exposure. This holistic
view improves early detection of
abnormal conditions, supports
targeted maintenance planning,
and reduces the likelihood of
unplanned shutdowns.
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11. DIGITAL TWINS, SAFETY,
AND RISK-BASED DECISION-
MAKING

From a regulatory perspective,
asset integrity is closely linked to

major accident hazard prevention.

Failures driven by corrosion
cracking or other degradation
mechanisms can escalate rapidly
into loss-of-containment events.
Digital Twins strengthen safety
management systems by
providing continuous, auditable
insight into barrier health.
Probability-of-failure estimates
used in risk-based inspection and
quantitative risk assessments can
be updated dynamically based on
actual degradation trends,
improving decision quality and
regulatory confidence.

12. BENEFITS, CHALLENGES,
AND IMPLEMENTATION
CONSIDERATIONS

Digital Twins deliver significant
benefits, including improved
safety, optimized inspection and
maintenance costs, extended
asset life, enhanced regulatory
confidence, and improved
knowledge retention. However,
challenges remain. These include
data quality and integration,
cybersecurity risks, model
validation and governance,
organizational change, and initial
investment costs. Successful
implementation requires strong
engineering discipline, phased
deployment, and alignment with
existing integrity management
systems.
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13. FUTURE OUTLOOK

Asset integrity management is
evolving toward continuous
monitoring, advanced analytics,
autonomous inspection
technologies, and robotics. Digital
Twins provide the framework through
which these capabilities converge. As
environmental protection and
sustainability targets gain
importance, Digital Twins will play a
central role in preventing leaks,
minimizing unplanned releases, and
supporting safe life ext. of assets.

14. CONCLUSIONS

DT technology represents a
fundamental shift in Oil & Gas asset
integrity management. By integrating
operational data, inspections,
environmental monitoring, and
engineering models, Digital Twins
enable a transition from reactive and
conservative practices to predictive,
risk-based decision-making. Aligned
with established standards such as
API 580/581, APl 579-1/ASME FFS-1,
and I1SO 55000, Digital Twins provide
a robust, auditable framework for
managing complex degradation
mechanisms that directly affect safety
and integrity. The future of asset
integrity management is continuous,
predictive, and integrated—DT will
be central to achieving that future.
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The Comfortable Lie We Tell
Ourselves

Walk into almost any pipe mill,
fabrication shop, or weld facility and
you will hear some version of the
same sentence: "We do 100% NDT,
so we are covered." | have heard it
from production managers, from
purchasing departments, and
sometimes, uncomfortably, from
quality professionals who should
know better. It sounds reasonable. It
is also one of the most dangerous
assumptions in our industry. Here is
the problem. Probability of Detection
is never 100%. Not for radiography,
not for phased array, not for
TEM/FMC, not for any method we
have. Every POD study ever
published tells the same story:
detection is a probability curve, not a
guarantee. A small crack sitting at an
unfavorable angle to the beam, a
tight planar flaw in attenuating
material, a near-surface defect hiding
behind weld geometry — these can
and do slip past qualified inspectors
using calibrated equipment.

And that is under laboratory
conditions. Add field realities like
scanning speed, coupling
variation, restricted access, and a
technician at hour eleven of a
twelve-hour shift, and the real-
world POD drops further. So what
does this mean in practice? It
means simple math. If your process
keeps producing defects, some
fraction of them will eventually get
through. Not because your
inspectors are careless, but
because detection is statistical. On
a good day, NDT catches the
defect. On a bad day, the dice
land differently. The only real
protection is not more inspection.
It is a process that makes fewer
defects in the first place.

Figure 1: Two ways to use the
same inspection result. The
gatekeeper model ends at
accept/reject. The improvement
model feeds every finding back
into production.

TWO WAYS TO USE THE SAME INSPECTION RESULT

[ THE GATEKEEPER MODEL

Accept / Reject
decision

v

Reject — repair or scrap
Accept = ship
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Record filed away,
never reviewed
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— T
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INSPECTION FINDING
e.g., porosity call on a production weld

THE IMPROVEMENT MODEL

Accept /) Reject decision
{still happens — always)

]

Finding LOGGED: type. size,
location, welder, shift

v

Weekly trend review —
root cause = process fix

FEEDBACK LOOP
Fewer defects next week
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PROCESS IMPROVEMENT FEEDBACK

Your Inspection Records Are
Trying to Tell You Something
Every NDT department generates
data, shift after shift. In most
facilities, that data is used for
exactly one thing: proving that
rejected product was rejected. The
records go into a binder or a server
and nobody looks at them again
unless an auditor asks. That is a
waste, because inspection records
are process data. Consider a real-
world pattern | have seen more
than once in pipeline
manufacturing. Porosity calls run at
roughly two per hundred joints for
months. Then they creep to three.
Then four. Nobody panics, because
each individual weld is still being
dispositioned correctly. But the
trend is screaming that something
upstream has changed shielding
gas purity, wire storage, fit-up
tolerance, a new welder, a worn
contact tip. If nobody is plotting
that trend, nobody investigates,
and the process keeps drifting until
the day a defect lines up just wrong
against the POD curve. The chart
below shows how this plays out,
and how three simple reference
lines turn raw rejection data into an
early warning system. The target
line is where management wants
the process to run. The historical
average is where it actually has
been running. The "start
investigating" line is the trigger:
cross it, and a process review
begins, no debate, no waiting for
someone concern.
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Rejection Rate (%)
w

~

Figure 2: Weekly weld rejection
rate plotted against a target rate,
the historical average, and a
defined investigation trigger. The
drift is visible by Week 5, the
trigger is crossed at Week 7, and
the process is stopped for
corrective action at Week 8 —
where the solid trend ends. The
dotted projection shows the
alternative: with no defined
trigger, the rate keeps climbing
and product keeps shipping
through Week 12 and beyond.

Notice something important in
Figure 2: the early warning came
at Week 5, when the rate pulled
away from its historical average.
The formal trigger came at Week
7. A facility that honors its trigger
stops the process at Week 8, runs
the investigation, and the trend
ends there — that is why the solid
line in the chart goes no further.
The dotted line shows the other
facility, the one with no written
trigger, riding the curve to Week

12

the whole time. Run charts like this
are not advanced analytics. A
spreadsheet and ten minutes a
week will do it. What most
facilities lack is not the tool — it is
the habit, and the agreed rule
about what happens when a line
gets crossed.
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Weekly Weld Rejection Rate — Three Reference Lines Turn Data
into an Early Warning System
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Abnormal Findings Deserve a
Root Cause, Not Just a Repair
Let me be practical about the word
"abnormal." Not every indication
needs a 5-why session — production
would grind to a halt. But certain
findings should always stop the
routine: a crack morphology you
have not seen before, a defect
cluster in a weld zone that has been
clean for years, laminations showing
up in plate from a new heat, or any
defect type trending steadily
upward. These are signals, and
signals deserve investigation before
the next shift produces more of the
same. Good root cause work in NDT
is a team sport. The technician or
Level lll describes what the
indication is, where it sits, and how it
is distributed. The welding engineer
or metallurgist translates that
pattern into a probable process
cause. The production supervisor
checks what changed on the floor —
electrode lot, preheat records, travel
speed, fit-up. Put those three
perspectives in a room and the
causal chain usually reveals itself
quickly. Skip that step, and the
organization learns nothing. The
defect gets cut out, repaired,
reinspected, shipped. Meanwhile
the condition that created it is still
active on the very next joint. Maybe
the next inspector is a little less
sharp that day. Maybe the next flaw
sits five degrees more favorably to
the beam.

and beyond, shipping product
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The Risk You Cannot See
Accumulates Quietly

There is a particularly sneaky failure
mode worth naming. When a
process starts deteriorating, the first
defects it produces are often below
rejection thresholds — small,
scattered, individually acceptable.
The organization sees no rejections
and concludes everything is fine. In
reality, sub-rejectable and even sub-
detectable flaws are quietly
accumulating in installed product.
Pipeline history offers sobering
examples: clustered manufacturing
imperfections, each one below
acceptance criteria, that later
interacted with residual stress and
pressure cycling to grow fatigue
cracks in service. In those cases, the
NDT system did exactly what it was
designed to do. It found what it
could find, rejected what exceeded
criteria, and passed the rest. The
failure was organizational — nobody
investigated the upstream drift
while it was still just a trend on a
chart.

Every Method Has a Blind Spot
It is worth being specific about why
POD never reaches 100%, because
the limitations are built into the
physics of each method — not into
the diligence of the people
applying it. Radiography is a density
technique. It excels at volumetric
flaws: porosity, slag, inclusions,
anything that changes how much
material the beam passes through.
But a tight planar crack aligned
unfavorably to the beam removes
almost no density from the image. A
fine lack-of-fusion defect lying along
a bevel face can sit inside a weld
that produces a perfectly clean
radiograph, while the same flaw
shot from a different angle would
have been obvious. Orientation is
everything, and in production
radiography you rarely get to
choose your angle.
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Ultrasonics inverts the picture.
Sound reflects strongly off planar
flaws facing the beam — the very
defects radiography struggles
with — but scatters unpredictably
from rounded volumetric ones.
And ultrasound brings its own
dependencies: coupling quality,
surface condition, and probe
pressure all modulate the signal
before the flaw ever gets a vote.
There is a dead zone near the
surface where the initial pulse
blinds the receiver. Coarse-
grained austenitic and dissimilar-
metal welds bend and scatter the
beam so severely that entire
qualification programs exist just to
manage them. Phased array
widens the angular coverage and
TFM/FMC sharpen the image, but
neither repeals wave physics:
resolution is still bounded by
wavelength, aperture, and access,
and a flaw oriented away from
every available beam path stays
dark.

The surface methods carry the
plainest restrictions of all.
Magnetic particle testing works
only on ferromagnetic material
and only for surface and slightly
subsurface flaws. Penetrant
testing requires the flaw to be
open to the surface — a crack
smeared shut by grinding, held
closed by compressive residual
stress, or bridged by a coating
simply does not draw penetrant.
Guided wave testing screens long
lengths of pipe efficiently, but it is
a screening tool, not a sizing tool;
every indication it flags still needs
local follow-up. And visual
inspection, the most used method
on earth, sees exactly what the
light reaches and nothing more.
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Then come the human and
environmental factors that
separate laboratory qualification
from a night shift in January. Most
procedures are qualified on
machined notches and controlled
flaw sets; real service defects are
rougher, branched, tighter, and
less cooperative. Add restricted
access, a hot surface, a scanning
speed pushed by the schedule,
and an inspector at hour eleven,
and the field POD sits below
whatever the qualification
demonstrated. Even the language
of formal qualification concedes
the point: an a90/95 statement
means the system finds 90% of
flaws of a given size, with 95%
confidence. Read that carefully. At
the qualified flaw size, one in ten
can be missed by definition — and
the certificate is still valid.

None of this is an argument
against NDT, and none of it means
any method is broken. It is an
argument for humility about what a
single method, applied once, can
promise. Layered inspection —
combining methods whose blind
spots do not overlap — narrows
the gaps but never closes them,
and every added layer costs time
and money. The one variable fully
within a facility's control is how
many defects the process creates
in the first place. A process that
produces half as many defects
gives the POD curve half as many
chances to fail you. That is the
quiet connection between this
section and Figure 2: the trigger
line is not there to protect the
inspection department’s statistics.
It is there because every week a
drifting process runs, it
manufactures more draws against
a detection probability that was
never, and will never be, 100%.
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Three Things That Have to
Change

On the technical side: trend
everything

Log findings with enough detail
to analyze later — defect type,
location, size, and the process
parameters behind that weld.
Plot rejection rates weekly
against your target, your
historical average, and your
investigation limit, exactly as in
Figure 2. Break it down by defect
category, by shift, by line. None
of this need’s special software.

On the process side: write down
the trigger

Decide, in advance and in
writing, what rate crosses the line
and what happens when it does:
who gets notified, whether
production holds, who owns the
investigation. A trigger that lives
in someone’s head is not a
trigger. It is a hope.

On the leadership side: ask the
second question

After every production period,
managers ask "how many did we
reject?" The improvement-
minded organization asks a
second question: "what is the
defect rate telling us, and what
are we doing about it?" Leaders
who ask that question
consistently — and who fund the
investigations it generates — see
their rejection rates fall over time.
Not because inspectors got
softer, but because the process
genuinely got better.
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NDT Is a Flashlight, Not a
Fence

Everything in this article comes
down to one mental shift. A fence
stops bad product at the
boundary, and that is where its job
ends. A flashlight shows you the
condition of your process — every
shift, every weld, in near real time.
Treat NDT as a fence and you will
keep paying for repairs forever
while quietly carrying the risk of
the ones that got through. Treat it
as a flashlight and every finding
becomes an input to a better
process.

That shift asks something from all
of us. Technicians documenting
findings precisely enough to
support analysis, not just an
accept/reject tick. Level llls
owning the trend data and
escalating before the rejection
pile grows. Managers writing real
triggers and honoring them even
when production schedules are
tight. And the whole organization
letting go of the comfortable lie
— that inspection alone keeps us
safe. It never has. The process
does. NDT just shows us where
the process stands, and someone
has to act on what the light
reveals.
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ABSTRACT

NDT is one of the most important
safety barriers in commercial
aviation. While inspection
technologies continue to evolve,
many challenges associated with
NDT are not technical in nature but
organizational. Based on more than
seventeen years of experience in
aircraft maintenance, QC & NDT, this
article discusses the importance of
inspection preparation,
communication between
departments, personnel training, and
NDT awareness during heavy
maintenance checks.

INTRODUCTION

Throughout my career in aircraft
maintenance, quality control, and
NDT, | have learned that the success
of an inspection often depends on
factors that begin long before the
inspector arrives at the aircraft. Many
maintenance professionals
understand repairs, modifications,
and troubleshooting activities.
However, relatively few fully
understand the requirements
necessary to perform a reliable NDT.
This lack of awareness can create
delays, rework, and reduce the
effectiveness of the inspection itself.
As aircraft fleets continue to age and
maintenance programs become
increasingly complex, effective NDT
practices have become more critical
than ever.
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Beyond the Inspection:

The Importance of NDT Awareness and
Preparation During Heavy Maintenance Checks

THE HIDDEN CHALLENGE OF
NDT IN HEAVY MAINTENANCE
One of the greatest challenges
faced by NDT inspectors during
heavy maintenance checks is
communication. In many
situations, inspectors must explain
to supervisors, planners,
engineers, and technicians why
proper preparation is necessary
before an inspection can begin.

Typical requirements include:
® Paint removal
e Sealant removal
e Surface cleaning
® Fastener removal
® Access panel opening
® Proper lighting conditions
® Equipment calibration

Without these preparation steps,
inspection quality can be
significantly compromised.

As a result, NDT professionals
often serve not only as inspectors
but also as educators and
technical advisors within the
maintenance organization.

HEAVY MAINTENANCE REALITY
Heavy maintenance checks are
highly dynamic environments.
Structural repairs, engineering
evaluations, cabin modifications,
systems maintenance, quality
inspections, and NDT activities
frequently occur simultaneously.

@ /ndt-corner

Under schedule pressure,
maintenance teams naturally
focus on returning the aircraft to
service as quickly as possible.
However, the objective of NDT is
not speed alone.

The objective is reliability. An
inspection that is rushed or
inadequately prepared may fail
to identify critical defects that
could affect structural integrity
and long-term aircraft safety.

WHY PREPARATION MATTERS
Proper preparation is one of the
most important factors affecting
inspection reliability. For
corrosion assessment activities,
ultrasonic thickness
measurements are only as
reliable as the preparation
performed before the inspection.

S S,
Figure 1 — Ultrasonic Thickness

Mapping Inspection During Aircraft
Heavy Maintenance
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Figure 1 shows an ultrasonic
thickness mapping inspection being
performed on an aircraft structure
during a heavy maintenance check.
Proper couplant application,
equipment calibration, surface
preparation, and inspector
qualification is essential to obtaining
reliable measurements. The
inspection process demonstrates how
successful NDT depends not only on
technology but also on preparation
and execution.

CORROSION MAPPING AND
ENGINEERING DECISION

Making After thickness
measurements are collected, the
information must be organized in a
manner that allows engineering
personnel to evaluate the extent and
severity of corrosion damage.
Thickness mapping provides a visual
representation of material loss and
supports maintenance decisions
regarding repair, replacement, or
continued service.
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Figure 2 — Corrosion Grid Mapping Data
Collection and Analysis

Figure 2 illustrates a typical corrosion
mapping process used during heavy
maintenance inspections. UT
measurements collected in the field
are transferred to a structured
mapping report, allowing
maintenance and engineering teams
to visualize corrosion distribution and
identify critical areas requiring further
evaluation. This process transforms
individual thickness readings into
actionable engineering data.
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Common Consequences of Inadequate Inspection Preparation

Table 1 — Factors Affecting Inspection Quality

Factor

Proper Surface Preparation
Equipment Calibration
Qualified Personnel
Inspection Access

Poor Communication
Schedule Pressure

Inadequate Preparation

Issue

Paint Not Removed
Surface Contamination
Limited Access
Incorrect Calibration
Poor Coordination

Excessive Schedule Pressure

TRAINING BEYOND NDT
PERSONNEL

One lesson learned throughout
my career is that NDT awareness
should not be limited

to inspectors.

Maintenance supervisors,
planners, engineers, and
technicians all benefit from
understanding:

* \Why inspections are required

® Inspection limitations

¢ Preparation requirements

® Inspection duration

expectations

® Impact on aircraft safety

Organizations that invest in
NDT awareness training often
experience:

® Improved communication

® Reduced inspection delays

® Better maintenance planning

® Higher inspection quality

* Improved safety culture

@/ndt-corner

Impact on Inspection Quality

High Positive Impact
High Positive Impact
High Positive Impact
High Positive Impact
High Negative Impact
High Negative Impact
High Negative Impact

Potential Consequence

Reduced Crack Detection
False Indications
Incomplete Coverage
Inaccurate Measurements
Inspection Delays

Increased Human Error Risk

DEVELOPING THE NEXT
GENERATION OF NDT
PROFESSIONALS

As experienced inspectors
retire and aircraft fleets
continue to grow, the aviation
industry faces a significant
challenge in developing future
NDT professionals.

Technical qualification alone is
not enough.

Future inspectors must also
understand:
® Human factors
e Communication skills
* Maintenance operations
® Engineering requirements
e Safety culture

Training programs should focus
on developing both technical
competency and operational
awareness.
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SUPPORTING THE
DEVELOPMENT OF NEW NDT
INSPECTORS

In my current role as a Designated
Station Trainer (DST) for NDT, | can
support the development of new
inspectors entering the field of
NDT. One of the challenges
frequently encountered in airline
maintenance operations is that
many inspectors and maintenance
personnel have never had direct
exposure to NDT methods before
beginning their qualification
process. As a result, technical
training involves much more than
classroom instruction. Before
inspectors begin formal theoretical
training, | work closely with them to
establish a foundational
understanding of NDT principles,
inspection objectives, safety
requirements, equipment
operation, and regulatory
expectations. This preparation
phase helps inspectors better
understand the importance of NDT
within the maintenance
environment and provides the
technical context necessary for
successful qualification. My
responsibilities include supporting
inspectors before, during, and after
their training process by providing
technical guidance, practical
demonstrations, mentoring, and
field support during actual
inspection activities. This approach
helps bridge the gap between
theoretical and real-world
application, allowing inspectors to
develop confidence, competence,
and a stronger understanding of
how NDT contributes directly to
aircraft safety and airworthiness.
Through this experience, | have
learned that developing qualified
NDT personnel requires not only
technical instruction but also
continuous mentorship, practical
exposure, and ongoing support
throughout the qualification
process.

ndtcorner.com
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PRACTICAL NDT TRAINING AND
MENTORSHIP

The following photographs show
examples of practical training
conducted during actual aircraft
inspections. As a Designated Station
Trainer (DST), | use real inspection
opportunities to help inspectors
who are beginning their NDT
qualification journey gain practical
experience in a controlled and
supervised environment. During
these inspections, | demonstrate the
differences between calibration
techniques, equipment setup,
scanning methods, and inspection
procedures. We also review the
types of indications that may be
encountered, how to evaluate
inspection data, and how to
properly interpret and document
inspection results. This hands-on
approach allows inspectors to
connect classroom theory with real-
world applications, while developing
a better understanding of inspection
reliability and decision-making. By
working alongside inspectors during
actual inspections, | help them build
technical confidence, improve their
analytical skills, and develop the
accuracy and consistency required
to perform future inspections
independently and in compliance
with NAS-410, EN4179, and SNT-
TC-1A requirements.

The ultimate goal is not only
qualification, but also the
development of competent
inspectors capable of making sound
technical decisions and contributing
to the safety and airworthiness of
commercial aircraft.

@/ndt-corner

CONCLUSION

Non-Destructive Testing is far
more than a technical inspection
process. It is a critical safety
function that depends on
preparation, communication,
training, and collaboration
between multiple departments.

The effectiveness of an NDT
program is not measured solely
by the equipment used or the
qualifications held by inspectors.
It is measured by the
organization's ability to create an
environment where inspections
can be performed correctly,
efficiently, and reliably.

After more than seventeen years
working in aviation maintenance
and NDT, | remain convinced that
one of the most important
investments an organization can
make is increasing awareness of
NDT requirements throughout
the entire maintenance
operation.

When maintenance teams
understand the importance of
preparation and inspection
integrity, everyone benefits
maintenance personnel,
operators, regulators, and most
importantly, the passengers who
depend on safe aircraft every day.
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Insight Into The Future

Phased Array
Ultrasound Probe
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We Make The Hidden Visible.

From Long Products to Deep Earth.

FOERSTER

MIDDLE EAST FZE (FME)

TS - Test Systems

High-performance ECT, UT, MFL, and Thermography
systems for long products - bars, tubes, wires,
billets and rails. Inline quality control for ferrous
and non-ferrous metallic semi-finishe long

CT - Component Testing

Customized turnkey testing lines for fast, precise
defect detection in automotive parts and forged
components. Drives precision in safety-critical
manufacturing.

IN - Inspection Services

Expert NDT solutions for reforming furnaces and
fired heaters with proven reliability. Trusted by
major refineries, petrochemical and DRI plants
globally.

MT - Mobile Testing

On-site service, maintenance, and inspection :
operations - for MRO, aerospace, power generation, |
defense and maritime industries.

Keep operations running without disruption.

DS - Detection & Security

Advanced EOD, UXO and metal detection systems
for defense, demining, and infrastructure security.
Proven in the most challenging environments
worldwide.

Visit us at NDTX2026 - Booth A11
#WeMakeTheHiddenVisible
www.foerstergroup.com sales.ae@foerstergroup.ae
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MFE AFRICA is providing all service to the Middle East and Africa region.

We sell MFL Tank Floor Scanners by MFE Enterprises, since 1994, a
U.S. based firm with more than 25 years of solid presence in the
market. MFE manufactures Non-Destructive Testing (NDT) and
Magnetic Flux Leakage (MFL) inspection equipment. It's manufactures
and sells specialized storage tank and pipeline MFL inspection tools to
ensure fast and efficient identification of defects in facility assets. Using
modern MFL detection technology, MFE Enterprises offers the very
pest in storage tank and pipeline inspection equipment. Our mission
has never changed: We provide educational information to the NDT
community about MFL technology and the advantages of deploying
our MFL Scanners for FAST and ACCURATE inspection of your plant
assets. We have sold scanners around the world to NDT service
specialists.

" MFE

AFRICA

Calibration

Rental

Sales

MFE manufactures Non-Destructive Testing
(NDT) and Magnetic Flux Leakage (MFL)
inspection equipment. It's manufactures
and sells specialized storage tank and
pipeline MFL inspection tools to ensure fast
and efficient identification of defects in
facility assets. Using modern MFL detection
technology.

We serve a variety of industries with our
NDT, RVI and Environmental inspection
equipment. Our tools and accessories help
ensure safety in the workplace while
maintaining equipment integrity!  and
protecting our clients’ bottom line. We offer
a large inventory of equipment from top

Qanufacturers.

NDT Electronics provide our clients with
outstanding calibration and repair services
in the field on Nondestructive Testing at an
affordable price with a turnaround time
unmatched in this industry. In 2016, NDT
Electronics has joined the MFE Family, a

family company since 1994. /

inspection s

New Cairo, Egypt, Sales@mfeafrica.com
www.mfe-is.com
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ADVANCED NDT
AND ASSET INTEGRITY
SOLUTIONS

Our global team specializes in tailor-made
Advanced Non-Destructive Testing (NDT)
solutions for inspecting your plant assets. With
our unwavering focus on precision and extensive
expertise, we confidently tackle your inspection
challenges with innovative and effective solutions.

Acoustic Emission Testing
Acoustic Pulse Reflectometry
High Temperature Hydrogen Attack
Ultra-Fast Automated Ultrasonic Testing = "
Phased Array Ultrasonic Testing 3 ¥ 7 gf
Time of Flight Diffraction f ' .
Automated Corrosion Mapping
Long Range Ultrasonic Testing
Short Range Ultrasonic Testing
Quantitative Short Range Ultrasonic Testing QSR
Alternating Current Field Measurement
Magnetic Flux Leakage
Tube Inspection (ECT, RFT, MFL, NFT, IRIS, NFA, ECA)
Pulsed Eddy Current
Remote Visual Inspection
Digital Radiography
Lifting Inspection ' ~
Third Party Inspection
Plant Inspection and Asset Integrity Services

CONTACT US <l ask@ariseglobal.com P ariseglobal.com
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Effect of Hot De-Denting Repair on
Burst Pressure of Dented LPG

Authors
Onur OZUTKU

Cylinders

Sefa Kemal BULUT

1. INTRODUCTION

LPG cylinders are portable pressure
vessels extensively used for
domestic, commercial, and industrial
applications. Due to the hazardous
nature of LPG and its storage under

pressure, cylinder integrity is critically

important for operational safety.
During service life, LPG cylinders are
frequently subjected to mechanical
impacts caused by transportation,
stacking, filling operations, and
handling activities. These impacts
may produce localized plastic
deformations on the cylinder body,
generally identified as dents. Dent
formation on pressure vessels may
lead to localized stress
concentrations and geometric
discontinuities that can potentially
reduce structural integrity under
internal pressure conditions.
Therefore, damaged cylinders must
be carefully evaluated to determine
whether repair operations are
technically acceptable and safe. In
industrial cylinder maintenance
practices, de dent repair operations
are commonly performed using
mechanical expansion or dent-
removal techniques. These
procedures aim to restore the
original geometry of the cylinder
body and reduce stress
concentration effects. However, the
repair process itself introduces
additional plastic deformation into
the material, potentially generating
residual stresses that may influence
the mechanical performance of the
cylinder.

ndtcorner.com
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To minimize residual stress effects
after repair, stress-relief heat
treatment is generally applied.
Nevertheless, concerns remain
regarding the influence of dent
repair and heat treatment
processes on burst pressure
resistance and overall cylinder
safety performance. The objective
of this study is to experimentally
investigate the effect of dent repair
and stress-relief heat treatment on
the burst pressure behavior of
dented LPG cylinders. Burst test
performances of repaired and
unrepaired cylinders were
comparatively evaluated to
determine whether the repair
process causes any reduction in
pressure resistance.

2. MATERIALS AND
EXPERIMENTAL METHODOLOGY
o R - 7

B
—

2.1 Test Specimens

A total of six dented LPG cylinders

were used in the experimental

study. The cylinders were divided
into two groups:

e Group A: Repaired Cylinders:
Three cylinders subjected to dent
repair and stress-relief heat
treatment.

e Group B: Unrepaired Cylinders:
Three cylinders tested without
any repair operation and heat
treatment.

@ /ndt-corner

All cylinders contained visible dent
deformations generated under
operational conditions. The
specimens were selected to
represent typical field-damaged
LPG cylinders commonly
encountered in industrial practice.

2.2 Dent Repair Process

Dents in LPG cylinders can be
removed by the careful application
of localized external heat in
combination with controlled internal
pressure using an inert gas or air.
This de-denting process shall only
be performed by qualified
personnel after the cylinder has
been completely gas-freed in
accordance with the applicable
safety procedures. Prior to heating,
the cylinder shall be pressurized
with air to a maximum internal
pressure of 5.5 bar. A pressure relief
valve (PRV) shall be installed in the
air supply line to prevent over-press.
The dented area is then heated
using an oxygen-LPG torch with a
neutral flame. A neutral flame is
essential because an oxygen-rich
flame can oxidize and damage the
cylinder steel. Heating is continued
until the dent gradually returns to its
original shape through the
combined effect of thermal
softening and internal gas press.
The repair is based on a controlled
mechanical expansion technique,
intended to restore the original
geometry of the dented region
while minimizing localized
deformation.
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Identification and inspection of
the dented region.

1- Pressurization of the cylinder

with air (maximum 5.5 bar).

2- Controlled localized heating of
the dented area using a neutral
oxygen-LPG flame.

3- Controlled mechanical
expansion of the deformed area
through the combined action of
heat and internal pressure.

4- Removal of the heat source
once the dent has returned to its
original profile. If necessary, minor
surface correction may be
performed using light blows with a
wooden mallet or soft-face
hammer.

5- Natural cooling of the cylinder

in still air without forced cooling.

The recommended de-denting
temperature is approximately
850°C. During heating, the
operator may estimate the
temperature by observing the
color of the heated steel. Heating
above this temperature can alter
the steel microstructure, reduce
mechanical properties, and
increase the risk of cracking. Any
cylinder that has been overheated
shall be rejected and scrapped.

Although the de-denting operation
restores the cylinder profile to a
condition close to its original
geometry, the process introduces
localized plastic deformation into
the steel. This plastic deformation
may generate residual stresses
within the repaired region,
potentially affecting the cylinder's
long-term structural integrity. For
this reason, an appropriate post-
repair stress-relief heat treatment
should be considered where
required by the applicable repair
standard or engineering
assessment. The air pressure
required to remove a dent
depends on the cylinder size, wall
thickness, and dent geometry and
should be established through
practical experience. However,
under no circumstances shall the
internal pressure exceed 5.5 bar, as
higher pressures may cause
permanent deformation or
structural damage to the cylinder.

The repair process involved:

1.ldentification of the dented
region.

2.Controlled mechanical
expansion of the deformed
area.

3.Restoration of the cylinder
profile as close as possible to its
original geometry.

Although the repair operation
improves geometric conformity, it
also introduces localized plastic
deformation into the steel
material. This may generate
residual stress within the repaired
region, making subsequent stress-
relief treatment necessary.

3. STRESS-RELIEF HEAT
TREATMENT

Following the hot de-denting
repair process, the reconditioned
cylinders underwent Post-Repair
Stress-Relief Heat Treatment
(SRHT) to mitigate severe residual
tensile and compressive stresses
generated by localized thermo-
mechanical deformation. The
localized heating and mechanical
reshaping severely alter the steel’s
microstructural grain matrix,
promoting localized strain
hardening and reducing material
ductility. Left untreated, these high
residual stresses serve as primary
stress-concentration zones that
accelerate premature fatigue
failure and heighten susceptibility
to stress cracking under cyclic
pressurization.

COLOUR TEMPERATURE RANGE C

Dark cherry red 700 - 750
Cherry red 750 - 825
Bright cherry red 825 - 875
Bright red 00

Orange 950 - 1,000
Light orange 1,000 - 1,050
Lemon 1,100 1,200

White 1,200 - 1,300
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To fully restore the mechanical
properties and structural integrity of
the cylinder wall, thermal processing
was executed in alignment with
relevant international standards (EN
1440). The cylinders were uniformly
heated in a controlled furnace within
a subcritical stress-relieving window
of 600°C to 660°C and held for a
designated soaking duration. This
soaking period supplies the
necessary thermal energy to relieve
locked-in lattice strain via dislocation
movement without triggering phase
transformations or dimensional
distortion. Following soaking, the
cylinders were cool processed in still
air to avoid thermal gradients,
thereby successfully recovering
baseline ductility, impact toughness,
and fatigue resistance.
The primary objectives of stress-
relief heat treatment include:
e Reduction of residual stresses,
e Stabilization of material
microstructure,
¢ Improvement of ductility,
e Reduction of crack initiation risk
under pressure loading,
e Enhancement of structural
reliability.

After heat treatment, cylinders were
cooled under controlled conditions
before being prepared for burst
testing.

4. BURST TESTING PROCEDURE
Burst Testing Procedure Hydrostatic
burst tests were conducted to
determine the maximum internal
pressure resistance capacity and
structural integrity limit of the LPG
cylinders following repair. Prior to
testing, all air within the cylinders
was completely evacuated and
replaced with water in strict
accordance with hydrostatic testing.
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Filling with water an incompressible
fluid is critical to minimize stored
elastic energy during pressurization,
thereby ensuring operator safety
and preventing hazardous
fragmentation upon rupture. During
the test, internal hydraulic pressure
was applied progressively using a
high-pressure pump at a controlled
pressurization rate to prevent
dynamic shock loading. Pressure
readings and volumetric expansion
rates were recorded continuously
via calibrated digital pressure
transducers. The internal pressure
gradually increased until burst
failure occurred. The ultimate burst
pressure, yield pressure,
location/orientation of the rupture,
and volumetric expansion
percentage at burst were
systematically recorded to evaluate
compliance with minimum design
pressure requirements and assess
the failure mode (ductile vs. brittle).
The following parameters were
recorded during testing:

e Tare weight,

o Water-filled weight,

e Post-burst weight,

e Burst pressure.

4.1 Experimental Results
Group

Burst Press
(bar)

Sample

Group A (Repaired) 1 125.29
Group A (Repaired) 2 125.60
Group A (Repaired) 3 121.94
Group B (Unrepaired) 4 124.67
Group B (Unrepaired) 5 128.83
Group B (Unrepaired) 6 126.67

@/ndt-corner
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5. RESULTS AND DISCUSSION
The experimental results indicate
that the dent repair process did not
produce a significant reduction in
burst pressure resistance. Both
repaired and unrepaired cylinders
demonstrated similar burst
strength behavior, with all results
remaining within the approximate
range of 122-129 bar. The repaired
cylinders exhibited slightly lower
post-burst expansion behavior
compared to unrepaired cylinders.
However, all measured values
satisfied applicable engineering
and safety criteria. These findings
suggest that properly executed
dent repair operations do not
adversely affect the structural
integrity of LPG cylinders. The
results further demonstrate the
importance of stress-relief heat
treatment following repair
operations. Residual stress
generated during dent removal are
believed to have been effectively
reduced through thermal
treatment, contributing to the
stable mechanical performance
observed during burst testing.
From an engineering perspective,
the findings support the industrial
applicability of dent repair
procedures for LPG cylinders,
provided that repair operations are
performed under controlled
conditions and followed by
appropriate thermal treatment.
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Why Videoscope REPAIRS
Become Expensive!

INTRODUCTION e CMOS image sensors
Industrial videoscopes operate in * lllumination systems

some of the harshest inspection * Protective tungsten braiding
environments, including turbines, * Internal support structures
engines, pipelines, boilers, ¢ Signal transmission

castings, and industrial components

machinery. While modern

videoscopes have become more All these components are
compact and capable, repair compressed into extremely small
costs have also increased diameters, often below 6 mm and
significantly especially for sometimes below 1 mm.
articulated probes and ultra-thin Miniaturization dramatically
systems. Understanding why increases repair complexity.

videoscope repairs become
expensive helps inspection teams Articulation System
reduce downtime, improve Damage

handling practices, and make .
. . One of the most common repair
better equipment investment . . .
failures is articulation damage.

decisions. Repeated over-bending,
aggressive operation, or excessive

The Most Common insertion force can damage:

Misunderstanding e Articulation wires

Many users assume that e Steering mechanisms

videoscope repairs mainly involve * Bending neck structures

camera replacement.

Most expensive repairs are In many cases, users attempt to

related to mechanical damage force the probe through narrow

inside the probe itself. passages while articulation is fully
engaged. This creates excessive

A modern articulated videoscope stress on the internal structure.

probe contains: Once articulation performance

e Articulation wires becomes unstable, repair often

e Precision bending sections requires partial or complete

e Optical systems probe rebuilding.
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Tungsten Tube and Outer

Layer Damage

Industrial probes are commonly
protected by tungsten braiding to
improve abrasion resistance.
However, tungsten protection is not
indestructible.

Frequent friction against sharp
edges, turbine blades, weld seams,
or casting surfaces can eventually
cause:

e Quter tube wear

e Surface cracking

® Internal structural exposure

Once the outer layer is damaged,
contaminants and moisture may
enter the probe structure, leading
to additional internal failures.

Optical System Failures
High-resolution image systems
require extremely precise optical
alignment.

Mechanical shock, dropping the

probe, or impact during insertion
may damage:

® Lenssystems

e CMOS image sensors

®  Prism structures

¢ Side-view optical assemblies

In ultra-thin probes, repair becomes
even more complicated because

optical components are significantly
smaller and more difficult to access.

Why Ultra-Thin Probes Are

More Expensive to Repair
Ultra-thin probes below 1.2 mm
represent one of the highest
engineering challenges in industrial
videoscope design.

Due to extremely limited internal
space:

¢ Component miniaturization is
extreme

ndtcorner.com
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® Repair accessibility is
limited

® Internal assembly requires
specialized tooling

® Replacement parts are
more difficult to manufacture
In many ultra-thin systems,
illumination fibers run through
the entire probe length.
Mechanical deformation or
crushing damage can affect
light transmission efficiency.
As probe diameter decreases,
repair difficulty increases
exponentially.

Operational

Environment Matters
Videoscope lifespan is strongly
influenced by the inspection
environment.

High-risk applications include:
e Aircraft engines

e Turbine inspection

® Heavy casting inspection
Sharp-edge weld
inspection

e High-temperature

environments

¢ Qil contamination areas
In many cases, the inspection
environment itself determines
the long-term operating cost
more than the initial
equipment price.

Reducing Repair Costs
Although repairs cannot be
completely avoided, proper
operational practices
significantly improve probe
lifespan.

Recommended practices
include:

e Avoid excessive
articulation force

e Never pull the probe while
fully articulated

e Use proper insertion
guidance

@/ndt-comer

e Clean probes immediately after
inspection

e Avoid twisting during insertion
e Store probes in controlled
conditions

e Select the correct probe
diameter for the application

In many industrial environments,
using a slightly larger probe can
dramatically improve durability and
reduce long-term repair cost.

The Real Cost of Ownership
When purchasing a videoscope
system, many users focus only on
initial price.

However, total ownership cost
includes:

® Repairs

e Downtime

e Service turnaround

* Replacement equipment

* Inspection interruption

A lower-cost system with poor
durability may ultimately become
more expensive over time.

Practical reliability and after-sales
support are often more important
than excessive technical
specifications.

Conclusion

Industrial videoscope repair costs
are closely linked to probe
miniaturization, articulation
complexity, and harsh operating
environments.

As inspection systems become
smaller and more advanced, users
must also understand the
operational limitations of these
technologies.

Proper handling, realistic
application matching, and
preventive maintenance remain the
most effective ways to reduce long-
term repair expenses and maximize
equipment lifespan.
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Leading
the Way in
NDT Solutions

Cet in touch with GNDT Representative:
+97 143 413 667 |

sales@gndtme.com #

www.gndt.me &

GNDT, headquartered in Dubai, UAE, is a leading solutions provider for the Oil and Gas,
Aerospace, Construction, Mining, and Industrial Sectors across the Middle East and Africa.

Since its inception, GNDT has been committed to reducing operational inefficiencies by
providing cutting-edge technologies and industry-first solutions. Whether it's supplying
high-tech analyzers, top-tier safety equipment. GNDT ensures that clients have access to
reliable and cost-effective products to keep their operations running smoothly.

GNDT'’s mission is to eliminate operational delays through innovative products and services,
ensuring that businesses can achieve maximum efficiency. Our highly skilled team is
dedicated to providing technical consultation and tailored solutions, creating long-term
partnerships that drive success.

GNDT supports industries like Mining, Infrastructure Development, Oil and Gas, ensuring
our clients stay ahead in a competitive market. With operational branches and service

centers strategically located, GNDT guarantees swift delivery and expert support wherever
needed.

SYSTEMS
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OUR SERVICES:

& Advanced NDT #&Conventional NDT

A.Heat Exchanger A.Ultrasonic Testing (UT)

B.Tank Services B.Radigraphic Testing (RT)

C.Pipeline Inspection C.Visual Testing (VT)

D.Boiler Inspection D.Liquid Penetrant Testing (PT)
E.Piping System Inspection E.Magnetic Particles Testing (MT)
F.Pressure Vessel Inspection F.Eddy Current Testing (ET)
G.Insulated Component Inspection G.Vacuum Box Testing

H.Process Towers Diagnostics H.Positive Material Identification (PMI)

& Destructive Testing # Cleaning Services

& Casing and Tubular Inspection & Engineering Design

@& Lifting Inspection & Heat Treatment

# Rope Access Services & Scaffold ntal Measurements
& Online PSV/PRV Testing & Material Supply

& Vendor Inspection & Fitness For Service FFS

& Expediting Services

CONTACT US:

To learn more about how SA-International can support
your business needs, please don't hesitate to reach out.

Q 11th Floor, 40th EL Ferdous Street, Q +20 10 67810010 /+20 10 50386501
Media Building, Smouha, Alexandria, Egypt.  § SA International LTD - EGYPT

& NDT@sa-international.org in SA International LTD - EGYPT
INFO@sa-international.org @ www.sa-international.org

RFQ@sa-international.org
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MFL Tank Floor Inspection Gourse

ORIGINAL EQUIPMENT MANUFACTURER OPERATIONAL TRAINING

Magnetic Flux Leakage Tank Floor Corrosion Mapping Inspection

According to the Standards set forth by APl 653 Annex 6, and SNTTC 1A.

MFL COURSE OUTLINE

» 40 hours, 5 days

» Includes Original MFL HANDBOOK, Classroom, and Hands-on.

P> Breakfast & Lunch Provided All Five Days
» One Final Exam and a Practical Test.

OEM Certifications LEVEL Il

COURSE CONTENT

® MFL Theory & Basics
® Factors of MFL testing
® Function testing

® Reporting analysis

SIGN UP TODAY

Featured business at ndtcorner.

® Scanning operations
® MFL limitations
® Manual & Mapping scanning

® Defects sizing

® Defects & Corrosion profile
® System setup & assembling
® Inspection process

® Exercises & Case study

mfe-is.com
Sales@mfeafrica.com



Certifications that
Create a Safer World

Equipping professionals and organizations worldwide with premier
nondestructive testing (NDT) credentials, ASNT certifications ensure

integrity and reliability in industries like oil & gas, aerospace,
manufacturing, energy, transportation, and infrastructure.
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American Welding Society
Professional Certifications

AWS offers a wide range of certifications for a variety of roles in the welding
society. These certifications can help enhance one’s career, strengthen lifetime
earning potential, and develop broader knowledge of the welding profession.

Certified Welding Inspector (CWI)
Senior Certified Welding Inspector (SCWI)
Certified Welding Supervisor (CWS)
Certified Welding Educator (CWE)

Certified Welding Engineer (CWENG)
Certified Resistance Welding Technician (CRWT)
Certified Radiographic Interpreter (CRI)
Certified Robotic Arc Welding (CRAW)

Scan the QR Code for further Scan the QR Code for further
Ce rtiﬁEd Weldlng Sales Representaﬁve (CWSR) details on International Agents details on AWS Certifications
Certified Associate Welding Inspector (CAWI)

For further details, Contact:
sales@aws.org/ customercare@aws.org
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Inspection & Petroleum Services

We are ISO Certified Accredited by LIYODS
Register: ISO 9001: 2015.

We are "ISO 45001: 2018" Accredited by LIYODS register.
We are "ISO 14001: 2015" certified, Environmental
Management System - Accredited by LIYODS register.
We are Certified of full Membership, Lifting

Equipment Engineers Association. Certificate No. 6455.
We are an IRATA International Membership for Rope Access (Operator &Trainer)
Certificate No. 7108/0T.

We are formally recognized as a member of Drops, the industry wide initiative focused on preventing
dropped objects in the workplace. DIPS is licensed from the Egyptian Nuclear & Radiological
Regulatory Authority (ENRRA) for industrial Radiography.

We are Certified for ABS Certificate, for Hull Gauging for vessels NDT & Rope access.

our services

. Non-Destructive Testing inspection & examination services.
. Industrial — Radiographic Service License no. |.S. 19/0139.
. Advanced Non-Destructive Testing.

. Lifting Equipment Inspection.

. In services inspection.

. Welding and Painting inspection.

. Dropped Objects Survey.

. Rope Access services.

. Training Courses.

WCOoONOCTO,,WN =

Head Office - Cairo

Q 17 Fouad Bedwany District 8, Nasr City, Cairo, Egypt.

Q Training Venue : Free Zone 3 Block G, Attaka, Suez, Egypt

. Mob: 01010 424216 ¢ Tel. : 0220724126
info@deltaips.net k.ramadan@deltaips.net

Kuwait Office AAFIENFNIEICLE)
Q Soud Al Mutairi Complex, M1 Floor, Office 21, Salmiya.
« Mobile : 90078311 C Tel:41113940

Kuwaitadmin@deltaips.net
Algeria Office V1V EYY YR www.deltaips.co
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Connecting Expertlse, Technology, and Industry'

About NDTX

The MENA's leading NDT, Welding,
Corrosion, Asset Integrity, and Insustrial
Inspection Exhibition & Conference. A
premier international platform driving
strategic dialogue on digital transformation,
bringing together leaders, innovators, and
stakeholders from across sectors to engage
in high-impact discussions, share insights,
and catalyze cross-sector collaborations!
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ASSET
INTEGRITY NDT

ONE-ONE NET WORKING
Meet the key regional O&G and industry
players, government representatives and
technology associated. ndtcorner.com



WHY EXHIBIT AT
EXPO

ND T X %oz

Your Strategic Gateway to the Middle East & Africa's Industrial Growth

THE ENERGY HUB:

Over $40+ Billion

MEGAPROJECTS SURGE:

Massive expansion

- : - A in Green Hydrogen, Stricter regional
In active OII' ga%, m Nuclear Energy, government mandates
and petrochemical 120¢) and mega for quality (QA/QC)
investments across transportation and predictive
Egypt and the networks requiring maintenance, opening
Meditatisrasn world-class NDT, a massive market for
. welding, and asset international
region. integrity solutions. technology providers.
()2 TARGETED VISITOR PROFILE
BY INDUSTRIAL SECTOR BY JOB FUNCTION & AUTHORITY
W 40%
Oil, Gas & C-Level Executives &

Petrochemicals Ultimate Decision Makers

90 %
QA/QCI/ Maintenance,

Fabrication, Asset Integrity
Managers & S.Engineers.

25 %

Manufacturing &
Industrial Plants

20 %

Energy, Power,

Heavy Construction.
10 % NDT, Weld, QC, Corrosion
0 Specialists, Inspectors &

Marine, Offshore & Procurement Officers.
Aerospace, Trans.

03 PREMIUM EXHIBITOR FEATURES

COMMERCIAL-TECHNICAL
SPEAKING

Position as an Industry Leader: The

= . Call for Papers is officially open! As a
for visitors at your booth. Gain P ¥y or
2 global manufacturer or service
exclusive access to our pre-

scheduled B2B Platform. Book provider, you can submit an abstract

rivate. one-on-one meetinas with to present technical papers on your
sfﬁcialldelegations from magjor latest innovations, Al, robotics, or

; advanced solutions directly to an
regional operators and contractors I :
auditorium full of target clients.
before the expo doors even open.

EXCLUSIVE
B2B MATCHMAKING

Maximize Your ROI: Don't just wait

Expo.ndtcorner.com REGISTER NOW




ndtcorner.com

The International Non-Destructive Testing
Encyclopedia & Recourses

Explore Previous Editions
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