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Structural Engineering
When Thi ngs Go Wronge

1940s: Liberty Cargo Vessels 1988: Aloha Airlines Flight 243

Hull-cracking Fatigue-cracking in lap-joint
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I Structural Engineering
Material Flaws.: Causes of frailure

Flaws in-service

Flaws at manufacture
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Stress-Corrosion Cracking

Crack in a butt-welded joint

A Cannot be detected reliabl

A Can occur sub-surface or in accessible areas
A How are flaws detected or monitored?
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I Non-Destructive Testing (NDT)

Use of sensor and imaging technology to assess the conditions of components,
plant and engineering structures during manufacture and in -service

A 25,000 NDT inspections carried in the UK every day
A 120,000 NDT inspections world-wide j

Cross-sector:
A Energy, nuclear, aerospace, renewables

Industry Trends:

A Quantitative, data driven inspections

A Automation (robotics and data analysis)
A Probabilistic RiskBased Inspection
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BAE Systems
Maritime

A Naval Ships, Submarines, MaritimeServices

A Design, fabrication and in-service support
of surface vessels, submarines and combat
systems

A ~15,000 employees
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BAE Systems
Maritime

A Shockresistant structures and
systems

A1006s of -bsaadi | or B
A Welded together

A Submerged and PWRpropulsion
(submarines)

NDT at manufacture is a vital part of a vessels safety -case
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BAE Systems
The Benefit of Ultrasonic Imaging

Ultrasonic and Radiographic Imaging are the main cA“TIuN
methods for sub-surface flaw detection in welded-joints
Ultrasonics is preferred: ..‘

A Industrial radiography is heavily regulated
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Ultrasonic scanner Ultrasonic image of flaw
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I The Problem
Pipe-welds

On a typical vessel:

Ve

A ~100km of cabling and pipe-work

Ve

A ~10,000 welds that require NDT

Smalktbore pipe-welds are difficult to inspect using ultrasound

A Geometry

A Material

A Spatial constraintsi pipe spools, access to weld (bulk-heads, decks, fittings)

A pipe next to a pen Micrographs of weld
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MATLAB: Finding the Solution
Developing and Testing new Imaging Technigues

A End-users of NDT have a reliance on Commercial Off The Shelf equipment
(COTS)

A No COTS equipment that meets requirements

A Innovations in ultrasonic imaging are slow to market in the NDT sector

BAE Systems partnered with University of Bristol and the RCNDE to develop and
test new imaging techniques and algorithms for pipe welds

Requirements: Pipe Weld Ultrasonic Imaging

A\ Control, generation and acquisition of ultrasonic data
Handle large sets of data (10-40GB)

Realtime signal and image processing

Rapid testing of new techniques

Tools to support shop-floor deployment
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MATLAB: Finding the Solution
Developing and Testing new Imaging Technigues

A End-users of NDT have a reliance on Commercial Off The Shelf equipment
(COTS)

A No COTS equipment that meets requirements

A Innovations in ultrasonic imaging are slow to market in the NDT sector

BAE Systems partnered with University of Bristol and the RCNDE to develop and
test new imaging techniques and algorithms for pipe welds

Requirements: Pipe Weld Ultrasonic Imaging -
A\ Control, generation and acquisition of ultrasonic data
Handle large sets of data (10-40GB)

Realtime signal and image processing =
Rapid testing of new techniques MATLAB
Tools to support shop-floor deployment BRAIN
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Ultrasonic Phased Arrays
Historical Background

/A Sokolov (late 1920s) first use of ultrasound in NDE w

A Dussik (late 1930s) first use of ultrasound in medicine w

/A Wild and Reid! (1952) first mechanical imaging in medicine w

/A Buschmann (1964) first array imaging in medicine w

/A Lemon and Posakony (1980) first array imaging in NDE

\_ Various contemporary NDE array systems -
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