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Abstract The project aims to develop a set of mechanised Non-Destructive
Evaluation (NDE) techniques, sensors and systems that determine the Quality
Assurance and Structural Integrity of ‘production’ and ‘in-service’ glass fibre
reinforced plastic/epoxy (GRP/E) pipes and pipe joints.

1. Introduction
Over 10 million kilometres of pipelines in European transport hazardous fluids, of which
over half are carrying hydrocarbons (i.e. oil, oil derivatives and gas). Only a very small
number of these pipelines are made from corrosion resistant GRP/E materials, with the vast
majority of pipelines being fabricated from steel pipes joined together by butt welds.
For use in ambient temperatures and relatively low-pressure applications, GRP/E would
offer an attractive alternative to steel, were it not the fact that the integrity of the
interconnecting pipe joints cannot be inspected with a high level of confidence. The
inadequacy of conventional NDT techniques seriously limits the current applications of
GRP pipelines and, furthermore, in some cases, the joint needs to be ‘over wrapped’ to
provide a secondary containment. If suitable NDT methods can be developed, GRP/E pipe
would be used in additional applications pipeline that cannot be currently considered as
viable.
The consortium SME partners propose to develop new and novel Non Destructive
Evaluation (NDE) techniques, sensors and systems that are capable of assessing the quality
assurance and structural integrity of ‘production’ and ‘in-service’ GRP/E pipes and pipe
joints. Hence this key enabling technology will facilitate the use of GRP/E materials
without the need for cost prohibitive over engineering processes, such as secondary
containment ‘over-wrap’. It is hoped that the NDT methods developed under this proposal
will also extend the use of GRP/E pipes into other applications that have traditionally been
the domain of corrosion prone metallics.
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Technical objectives
•

•
•
•

To significantly develop and improve NDT techniques, in a step change to their current
capability, in order that GRP Pipe and joint defects such as 'Kissing Bonds' (KB) are
detected early in the production process. This will expedite feedback to the fabrication
process and reduce the level of rework.
To conduct inspections faster, and hence reduce maintenance downtime by automating
NDT techniques.
To deliver NDT techniques, validated in their individual areas of intended use.
To increase accuracy, by eliminating operator subjectivity and increase safety and
reduce instances of failure.

2. Project objective(s)

The principal objectives of the project are as follows.
1. To produce and validate four new, novel and unique non-destructive evaluation (NDE)
techniques that are specifically targeted at the inspection of GRP pipes, as used in the
Oil and Gas industry after installation and throughout their in-service life. The
techniques are:
• In plane shearography inspection techniques
• Pulsed thermography inspection techniques
• Dry coupled phased array ultrasonic test techniques
• Low energy digital radiography inspection techniques
Current techniques are well developed for the inspection of metal pipes. The new NDE
techniques will be developed to a similar level of performance on GRP pipe as on metal
pipe.

Figure 1 A Concept Drawing of a Fully Automated Robotic
Crawler Deploying an NDE Inspection System
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Figure 2. The Sure2GRiP Robotic Crawler Module

3. Experimental hardware and modelling.
Low energy digital radiography
For the scope of this project, Ajat have implemented a dynamic imaging camera with
sufficient active area to cover for most weld and pipe inspection applications. The sensor is
made of CdTe-CMOS tiles by means of bump-bonding using AJAT’s unique technology,
CdTe to CMOS.
The following illustration exemplifies the new technology:
Unique Breakthrough: CdTe-CMOS technology

AJAT

CCD’s or TFT’s

Figure 3. Illustration of Ajat direct photon conversion, Vs indirect conversion

The size of each individual direct conversion tile is 25mmx25mm with 0.1mm pixel size.
Four such tiles are combined in a column to provide an active area of 100mmx25mm.
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The readout frame is 50 frames per second, which allows fast scan times and tomographic
or laminographic reconstruction. The readout is based on simple frame grabber which is
implemented in a PCI slot of a computer. The camera is lightweight and portable.
The following table summarizes the performance of the camera:
•

Direct conversion of x-rays

•

DQE: >90% @ 90kV

•

MTF: >80% @2lp/mm; >40% @5lp/mm

•

50 frames per second (frame mode)

•

<1% afterglow @ 3msec after exposure

In plane shearography
Conventional speckle shearing interferometers only measure out of plane strain. This can be
a serious limitation when looking for some defect classes in a component.
•

For an out of plane system:
Optical differentiation of the displacement distribution generates a series of fringes
which require a further stage of numerical differentiation to yield flexural strain.
Usually achieved within the data bandwidth of the fringe pattern, this is sample
limited – dependent upon the dynamic bandwidth of the imaging camera. In real
terms the actual data bandwidth is currently limited to approx. 8 bits, hence
differentiation is very noisy. Limited strain realisation, of the work in open literature
demonstrating this, no verification studies or uncertainty analysis has been
performed. Work at Loughborough University has shown this to be of limited value
– typically only able to recognise ~70% of the defect families present in a broad
band test coupon.

•

An In plane displacement sensitive system would only require a single differential
operation, which can be achieved in real time by optical means. Thus a system
requires only optical differentiation to yield strain, the measurand in this case is
δL/L=ε i.e. the fringe patterns produced are ISO-strain contours which are very
useful in determining strain concentrations which is a direct measure for why things
break.

•

For Sure2Grip, Laser Optical Engineering (LOE) have adopted a hybrid
configuration to yield both out-of-plane and in-plane systems which would usually
require understanding of the loading and surface shape.

Pulsed thermography inspection
During infrared thermographic inspections, there are two approaches that can be used:
passive [1] and active [2]. The passive approach is usually used in the investigation of
materials that are at different (often higher) temperature than ambient. In the case of the
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active approach, an excitation source, such as optical flash lamps, heat lamps, hot or cold
air guns, etc., is employed with the intention of inducing thermal contrasts [3].
In the active approach of the infrared thermographic NDT & E (non-destructive testing and
evaluation), one of the widely used approaches is pulsed thermography. In this technique,
also known as transient thermography, the surface under investigation is pulse heated (time
period of heating varying from ms to s) by one or more powerful flash lamps and the
resulting thermal transient at the surface is monitored using an infrared camera.
Nonetheless, the duration of the heating pulse depends on the thermal and physical
properties of the materials, as well as its thickness. So, the heat flow into the sample is
altered in the presence of a subsurface defect or feature, creating temperature contrast at the
surface and as a result can be detected – recorded by an infrared system [4].
Pulsed Thermography [5] is one of the most effective NDT & E techniques in the
assessment of composite materials, as it is a high-speed, portable, non-contact and large
area inspection technique [6]. It is a prompt technique that has the ability to provide
quantitative information about hidden defects – features in a material. Analysing the
transient temperature in the time domain typically attains this [7]. Although this technique
has the potential to deliver first class results, there are various properties of the material(s)
that need to be considered. These properties are:




Thermal Properties: conductivity, specific heat capacity, diffusivity, effusivity.
Optical Properties: absorption, reflection, transmission, emissivity.
Other Properties: density, porosity.

All these properties are very important when dealing with infrared thermographic surveys.
For example, when a material presents voids or pores in its structure [8], then its thermal
conductivity and density decreases, its thermal diffusivity is altered and so the conduction
of heat transfer within the material is affected [9].
Dry coupled phased array ultrasonic test techniques
The instrument that has be developed has been based upon RapidScan2 from NDT
Solutions. This instrument was designed for the aerospace industry with a requirement for
large area scanning without the possibility of immersing the parts due to size. The
instrument features multiple channels that are rapidly multiplexed. The sensor is an array
transducer, where a single crystal is laser cut into many elements that are individually
controllable.
RapidScan2 operates by exciting a group of elements at the same time to form an
ultrasound beam. Once the signal is received and digitised an adjacent group of elements
are excited and so on. By firing a group of small elements rather than a larger individual
element, it is possible to increment the active aperture (sound beam) by small increments
and build up a high resolution scan, similar to physically moving a transducer in small steps
and recording the signal at each step. The advantage of the array transducer is that its full
width can be electronically scanned very fast (>250Hz typical). The transducer may then be
moved over the surface recording data building up an XY plot of the structure being tested,
referred to as a C-scan.
The target minimum detectable defect size for this work package is 20mm diameter. The
active area of the transducer must therefore be less than this. In order to assess the beam
quality from the transducer, finite element models were employed to analyse the shape, size
and depth of field of the sound beam from the transducers.
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From the modelling work it was first concluded that the active aperture should be square
since model B, 16mm x 8mm aperture, produced an elliptical sound beam. In model B the
XZ beam was observed to be approximately double the width of the YZ beam near to the
transducer and a single sound field does not form until 75mm. Comparing models A and C,
it was observed that lowering the frequency has the effect of shortening the near field
length and the depth of field. Similarly, comparing models C and D, it was observed that
increasing the size of the transducer increased the near field length and the depth of field.
To use the large 1MHz transducer (model D) a delay of approximately 40mm (water path)
would be required before a coherent sound field forms. This was acceptable to be designed
around and so this transducer dimension was selected as a good compromise between size,
defect detection ability and sensitivity (signal to noise).
Figure 4. Beam model
profile performed by
NDT Solutions

D: XZ – 1MHz, 16mm x 16mm aperture (40mm x 100mm profile)

The array transducer is housed within a wheel probe. This aspect of the design is a patented
method of coupling an ultrasonic array transducer to a structure by NDT Solutions. The
wheel probe consists of a water-filled rubber tyre with the array transducer fixed into the
axle. The transducer remains stationary in the axle as the wheel turns around on bearings.
The proprietary rubber material has been especially developed for use with ultrasound; it
has very low attenuation compared to most other rubber compounds and has similar
acoustic impedance to water. By matching the impedances, the pulse-echo reflection from
the interface between the water inside the wheel and the tyre is minimised and so it does not
interfere with measurements.
4. Preliminary results
Radiography:
Implementing the digital detector has yielded extremely useful laboratory results, with
regard to composite materials.

Figure 5. Digital image of Ameron GRE pipe joint

Figure 6. Digital image of Ameron GRE pipe joint

Experimentation has been carried out with a contrast enhancing solution, applied to the
component, to reveal fine surface cracking, which is generally undetectable without a
suitable contrast medium.
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Defect
Figure 7. Digital images of GRP material, containing fine surface breaking
discontinuity: left image, no contrast medium: right image, with contrast medium.

Shearography:
Laboratory trials have shown how internal thermal loading is capable of finding areas of
wall thinning.

Figure 8. Fringe pattern (left) of wall thinning in GRE pipe, as shown in image (right).

Pulsed Thermography:
Laboratory trials of pulsed thermography were carried out on different components
containing defects. In some instances, the technique provided prompt results. Transient
thermography is an inherently near surface technique whose effectiveness will decrease
with skin thickness. It also depends on the thermal properties of the skin material (different
behavior between high thermal conductive materials such as metals, and lower thermal
conductive materials such as composites). Nonetheless, the results of this work indicate that
transient thermography can be used in the detection of defects (i.e. disbonds, impact
damage, etc) when investigating composite materials.
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At 2.806 seconds
Figure 9: Thermal image (Area 1)

Figure 10: Line profile on the disbond in Area 1

Dry coupled phased array:
Laboratory trials thus far are proving encouraging that disbonds in the joint area can be
detected using ultrasound. The images below represent results from ultrasonic immersion
testing laboratory trials

.

Figure 12 Amplitude C-Scan of adhesive layer in disbond
sample

Figure 13 Time of
flight
C-Scan of the same
sample

Figure 11 Amplitude C-Scan
of adhesive layer in disbond sample
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The image below represents a disbond using a dry coupled ultrasonic technique
Reflection from
bondline

Reflection from
tube external
surface

Reflection from
tube internal
surface

Figure 14. A-scan of Dry-coupled probe on disbonded sample
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