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The way NDE works
NOW:

Basic data processing and imaging
Human interpretation and decisions

Constrained in data rate and complexity by
human cognitive ability

Structural integrity calculations at design
stage — lead to acceptance standards

Calculations performed for specific defect
cases in service, leading to human
decision — ignore/monitor, repair or scrap.

Hand-offs between discipines

Slow and labour intensive, hence costly.
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Structural-integrity
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A Future of In-Process
NDE

Rapid, large and complex raw data from
numerous installed sensors.

Automated big-data analytics with
artificial intelligence to convert data to
information and knowledge.

Digital Twin to keep all information in a
virtual replica of the real component.

This feeds further state-specific
structural calculations and automated

decision making.
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CAD data from design and repairs, etc Operational loads &
environmental data
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expertise NDE
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State-specific Automated
performance conversion to

prediction ‘information/
knowledge’

N—

Big Data Analytics

Automated Non-destructive Verification Continuously
improving life-

Resilient self-verifying assets prediction.

Decentralised Al/ML asset-integrity decisions



NDE 4.0 Roadmap Precursor

Contributions & Dependencies

SU b'Obj ectives Based on (inter-)national,

Developments Required Technologies (technical)  socital super-obiecties’

NDE4.0 Objectives

< > g Large scale structural simulations

Controlled proving grounds

Instance-specific assetlife prediction

Improved asset

New rugged sensors for performance, through-life

long-term deployment Continuous monitoring (structural
Proven algorithms health / condition / loading)

Good data on realistic conditions

Regulatory & user acceptance More efficient production,
g ry P including of new product

Co-location of disparate datasets dinspection und
(depth and breadth)

High-quality & -performance
simulation capabilities

Better/ faster/ cheaper NDE
Digital twin of inspection process ('QCfeln;entla| |m;f)rovem$nt,
Established calibration workflows includes less frequent)

| Readiy usable toolkits /lbraries ——

Established open schema Framework for interchangeability and X Efficient quality control for

E tomised products (e.g.
traceability of data CUSiol
Proven algorithm architectures ‘ additively manufactured)

Methods of sourcing training data Advanced analysis / planning etc.
algorithms, especially machine learning
Qualification frameworks Reducedllje:d for
Full inspection digitalisation, e.g. W\ personnelin harms
" . > way / travelling
optical tracking of manual scanning

Regulatory acceptance

Suitable software & hardware
Advanced automation hardware

( e.g. cobots, micro-crawlers, drones - - - Efficient quality ‘control
More efficient manual inspection for decentralised

Advanced visualisation including production
Augmented/ Virtual Reality

- - Lower quality / consumer-grade sensors
Next generation wireless providing useful integrity information
communication protocols

Note: arrows are not considered to represent requirements of end-points as much as contributions of start-points, reflecting multiple ways of reaching some objectives, depending on specifics.
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NDE 4.0 Roadmap Draft

= 1
©
o : ( Regulatory acceptance )
E : ( User / societal acceptance )
Q
o1 ( Skills )
-+ 1
1
m 1 ( Established workflows for large scale structural simulations )
D : ( Readily usable toolkits / libraries for data security & data sovereignty )
Z| : ( Readily usable toolkits / libraries for efficient wireless communications )
C
(ZD : ( Improved deployability of inspection automation mobile platforms etc. )
1 ( Improved location awareness of mobile inspection platforms )
|
1 ( Readily usable toolkits / libraries for advanced visualisation )
|
9 1 ( Human-Machine interfaces )
= .
GC) : ( Controlled proving grounds for long-term sensor deployment ) .
| " ; . ) ) . ) i )
8 I ( Good data on realistic asset environments ) Sass Potentially repeat for different industries / operating environments etc.
-
: ( Established open schema for interoperability and traceability of inspection data ) E
-
1 ( Co-location of disparate datasets to enable digital twin of asset(s) ) -"‘:
I -
S‘g : ( Proven algorithms for data reduction and fusion ) E
8 1 ( Qualification frameworks for advanced algorithms ) H
-
-
% : ( Proven algorithm architectures for planning and analysis — via open benchmarks ) i
1
=1 ( Methods of sourcing training data ) Repeat for all modalities, probably
w |1 ( Established calibration workflows for digital twins of inspection process ) | Y starting with RT/ CT, then UT etc.
gl | Potentially repeat for different classes of
§ 1 ( High-quality & -performance simulation capabilities ) materials, e.g. metals vs. composites
1
1 ( Software & hardware for full inspection digitisation )
[ el I
— »
2021 H 2030
Time
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Future technology

Meeting the needs

of the
4t industrial
revolution,
Artificial inteIIi or

M ‘Industry 4.0’

Simulation and modelling
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Successful technology examples

Permanently installed sensors Wireless ultrasonic SHM sensors
* High-temperature ultrasonic thickness * PZT sensor with a coil - permanently
gauge for permanent installation at up attached to a structure
to 600°C.  Wand is moved over sensor and
ultrasound waves are transmitted and
received.

Structure
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Successful technology examples

Robotic NDE

* Development of small robotic vehicles to deliver NDE in hazardous or limited
access locations.

» Use of large industrial robotic systems for inspection tasks during plant or
component manufacture.
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ML Enhancement to Coating Measurements

> A model based non-destructive testing approach to estimate
the turbine blade coating degradation using multi-frequency
(MF) eddy current (EC) measurements and machine learning
(ML) models are considered here

> A finite element forward model replicating physical and
electromagnetic properties of turbine blade using frequencies

ranging between 500 kHz and 30 MHz was implemented

> The forward model is implemented to study the MF EC
responses to different coating thickness scenarios and collect

sufficient datasets to train the ML models

> The trained machine learning (ML) models were tested using
additional unseen datasets covering various coating thickness
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https://www.cambridge.org/core/journals/mrs-bulletin/article/thermalbarrier-

coatings-for-more-efficient-gasturbine-
engines/72FDF8FDDCD21040144D75579E3C1358
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https://www.cambridge.org/core/journals/mrs-bulletin/article/thermalbarrier-coatings-for-more-efficient-gasturbine-engines/72FDF8FDDCD21040144D75579E3C1358

Conclusions

* NDE processes can be either a threat to a more connected,
autonomous world

* Or

 NDE technology can be fused with future systems to deliver enhanced
performance, reliability and safety

* RCNDE and it’s partner organaisations are keen to work with ETN to
explore the opportunities presented by these emerging technologies
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Ways to connect...

* www.rcnde.ac.uk

e E: pete.loftus@ndevr.org.uk.
¥ @RCNDEOfficial

[} UKResearch Centre in
Nondestructive Evaluation
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