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Abstract

Electrofusion welding (EFW) is a widely used tecju® for joining polyethylene pipes

in the oil, gas and water industry. Like many wetdand joining methods, the joints
created by EFW can exhibit a range of flaw typest ttan be attributed to process
variables such as: poor preparation of the paretemal, contamination of the weld

surfaces prior to welding and operator and/or egeipt failure during the welding

process. This paper describes ultrasonic testaggul28-channel linear array with a
DYNARAY system to acquire data from a range of {sigreated using EFW. The
samples were created in the laboratory with a rasfgdefects that represent those
commonly observed in the field. The samples weaitesssquently destructively tested
using tensile testing of the coupling-pipe inteefaGood corroboration was achieved
between the observed weld quality from the ultrasatata and the weld strength
determined by the destructive testing.

1 Introduction

High Density Poly Ethylene (HDPE) is used to trams@ variety of materials such as
Potable water, waste water, chemicals, slurriezaftlbus wastes, compressed gases etc
) Some of the properties which make it an attractiption as a piping material are the
low installation and maintenance costs, chemicattiress, flexibility, fatigue resistance
and a smooth internal surface which gives exceligdtaulic efficiency?.

The most common methods of joining Polyethyleneepipre the butt fusion welding
and electrofusion welding (EFW). The current disoos will be limited to the EFW
technigue where pipes are inserted into a polyetieytoupling which has an embedded
wire for resistance heating (See Figure 1). A \gdtas applied across the input
terminals for duration equal to the Specified Fasiome (SFT) and then allowed to
cool. The duration may vary depending on coupliypgetand will be specified by the
manufacturer. The procedure for EFW (based on theWndustry Standard®, 2002)
can be summarised as: pre-joint checks, preparafitime pipe surface, joint assembly
and clamping, fusion cycle and visual joint cheokscompletion of the fusion cycle.



These steps involve inherent operator and/or eqeiprdependence which ultimately
influence weld quality.
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Figure 1: (L eft) Pipe coupling assembly (Right) Cross-sectional schematic

Previously Shin et df’ and Caravaca et &l have reported the use of B-Scans to detect
defects in electrofusion welds. Shin et*atescribes the use of this technique to detect
an overheated joint based on wire dislocation, deflie to soil inclusion and an
imperfect joint. Caravaca et @ describes an immersion inspection technique tectlet
defects due to lack of penetration, lack of fusam reduced heating time which were
corroborated with a crushing decohesion test.

This paper will describe the use of a 5MHz, 128naet array for the inspection of
EFW samples. A range of welds were created tolsimuaefects due to:
» Surface contamination: Particulate surface contatian (with different particle
types and sizes), and oliferous surface contanainati
» Errors in heating cycle (overheating, insufficiaefiting and two fusion cycles)
» Misalignment of pipes in the coupling.

The results from B-Scan inspection of the creatathpes are presented which
demonstrates the capability of the technique tedetariability from a standard weld.
The B-Scan data is then corroborated with the dhtained from a destructive testing
of the inspected sample which gives both a quaivitand qualitative evaluation of the
weld strength based on the observed péalad/Width and the failure mode
respectively. A probe carriage design with positiencoding and adaptability to
inspection scenarios involving different pipe dimiem is also described.



2 Experimentsand Results

2.1 Ultrasonic characterisation of PESO and PE100

The velocity and attenuation in two grades of ptilyeene commonly used in pipes —
PE80 and PE100 were studied using the non-corttamtigh transmission methdd.
The transmitter and a receiver transducer wereratghby a liquid coupling medium
(water). The material to be characterised is pldoettveen a transmitter receiver pair
such that the sound waves travel through the sgeciefore reaching the receivét.
The correlation technique is used to find the vabfigime difference between the
transmitted and reference waves which is substituiethe equation for longitudinal
velocity. This method was carried out for a ran§éemperatures from 20 °C to 60 °C
(See Figure 2).
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Figure 2: Plot of longitudinal velocity valuesfor PE 80 and PE100 for different
temperatures

The values obtained from the non-contact methodvetlogood correlation with the
values obtained from the contact through transussiethod (where transducers were
placed in contact with the sample). The non-comaatihod was also used to determine
transverse velocity and attenuation characteristic$E80 and PE100 for different
temperatures.

2.2 Preparation of sample defects

A range of electrofusion weld samples for pipe ddgen 110 mm and 125 mm were
created to simulate common defects that could docile field. These include:

(a) Defects due to incorrect heating cycle - Overheated insufficiently heated
samples were created by varying the time for whimkage is applied across the
coupler terminals. An invalid double weld was atseated by carrying out the



welding process once for the SFT and then carrginganother weld for ha
the SFT once cold.

(b) Surface contaminatio- The contaminant was introduced on the pipe sul
before inserting into the coupling and staringwhedding proces. The different
contaminants that were used include water, siliopmase grease from fooc
kaolin (<106 um)talc (<40um, <75um, <106um), sand 290um, silica gel
(<1mm) and sil (varying particle size.

(c) Misalignment -Pipes were not properly alignin the coupling before weldin:
resulting in tapering and lack of fusion in areagter away from the couplir

2.3 Transducer selection and ultrasonic inspection setup

For the 110 mm couplingheembedded heating wire hadiameter of 0. mm with a
pitch 2 mm. A inspection wavelength that is less thar wire diameterwould be
expected to resolve the wires and any defectsajjaear between the The velocity
obtained in the ultrasonic characterisation expenitpresented in &tion 2.2was used
to calculatethe inspection wavelengths for different frequesacA 5MHz probe whick
would result in a wavelength of approximate0.4 mm in the sampleat room
temperature was considered a good toff between resolution and wave attenue.

The final inspection setup involved a 5MHinear array with 128 elemel, Zetec
Dynaray Phased array controlle(Shown inFigure 3) and a PQunnin¢ the Zetec
Ultravision software.

Figure 3: (Left) Zetec Dynaray phased array controller and (Right) Vermon
5MHz, 128 element probe

A linear BScan (electronic scanning) is carried out, whemaulaset of elements a
excited, the relative phase of the excitation faoy®nergy to a particular depth in 1
sample being interrogated. The focal law is theittiplexed along the complete pro
length (apertw) to cover all the elemel .

A carriage has also been designed for manipulatiegprobe around the cylindric
inspection surface (Sdegure4). A pulley and cable based approach was select
facilitate adaptabilityacross different pipe diameters by changing théeci@ngth. The
design also incorporates a quadrature encoddetermine the relative position on 1
coupling surface.



Figure4: Carriagefor manipulating the array along the inspection surface

In the results presented, a contact inspection odelbgy was used; with gel
facilitating the energy coupling into the sampléeTdisadvantage of this method is the
inaccessibility of some areas such as the manutaclabelling and the tapered ends.
However, from the results obtained, it was obsethadl despite the reduced inspection
area, sufficient data was available for defect ctain.

2.4 Analysisof B-Scan data

Figure 5 shows the B-Scan image of a standard wekd to an actual cross-section.
The standard weld was produced by adhering to i [Bescribed by the coupling
manufacturer and following the practices prescribgdiVater Industry Standart

In the B-Scan image, the wires and the central cde are visible as strong
reflections. Pipe inner wall can be observed betmsvheating wires. The Eigen Liffé
also referred to as the Heat Affected ZéHeappears as a weak reflection above the
wires and indicates the extent of heat input towletd. This is the boundary of the
region around the heating wires where polyethykexists in the molten state during the
welding process. Reason for the existence of tigerEline has been attributed to the
formation of voids at the solid-liquid interfad®. Shi et al® have shown that the
distance between heating wires and Eigen line vollan approximately linear
relationship with the welding time. If this distanis known for a correct heating cycle,
variance in the heat input into the system can dtertchined based on the Eigen line
position observed in the weld being inspected.
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Figure5 (Right) B-Scan of a standard weld (Top Left) Cross-section of an
electrofusion weld (Bottom left) Region of the cross-section visiblein the B-Scan

Figure 6to Figure 11 shows sections of B-Scans acquirenh ftlle sample defects,
which can be compared to the standard weld rebolMvs in Figure 5. In the sample
which was welded twice (Figure 6) two Eigen lings gisible. In the B-Scan of the
weld for which the fusion time was restricted t6 mes the SFT (Figure 7), the Eigen
line is much closer to the heating wires. For tredwfor which the fusion time was
twice the SFT (Figure 8), the Eigen line is furtlagvay from the heating wire, and in
addition the heating wires are displaced from toeiginal position and reflections are
observed from between the wires due to materiatadtagion. In Figure 9, for the
misaligned weld, strong reflections from beneath wires indicate a lack of fusion.
Similarly, lack of fusion caused due to oliferousntaminant (Silicone grease) and
particulate surface contaminant (Talc with partisiee <40 um) can also be seen as
reflections from beneath the heating wires in Fegl® and Figure 11 respectively. For
contaminants with particle size much lesser thanitspection wavelength such as the
one shown in Figure 11, reflections from beneathwires were picked up mainly in
areas of particle aggregation and were found tchiadlenging.



Figure6: Fusion cyclecarried out twice ~ Figure 7: Insufficiently heated (fusion
time = 0.6*SFT)
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Figure 8: Overheated (fusion time = 2* Figure 9: Weld carried out with pipes
SFT) misaligned
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Figure 10: Oliferous surface Figure 11: Particulate surface
contaminant (Silicone Grease) contaminant - Talc (<40um)

2.5 Destructivetesting and corroboration with Ultrasonic inspection results

Once the samples were ultrasonically inspected; were destructively tested by t
double cantilever cleavage test. rectangular sections of diameter approximatel
mm were cut from eacleld using a band saw, ensuritige pipe and coupling surfac
remained parallel to the axis formed by the wetdrilace. Two holes were drilled at t
cold zone end -ene through tt coupling and thetber through the pipe, to fmetal
pins. Thelnstron tensile testing machine was used to pull thet apart at a consta
rate (See Figure )2with data bein logged for theForce/Displacemer value. From
this data, the mean val@ier a weldis noted and used to determine weld stre.

Figure 12: (L eft) Instron tensile testing device (Right) Weld being pulled apart
during destructivetesting



Figure 13 shows the mean load/width value obtaifeedthe samples described in

section 2.4 and the error bars indicate the standaviation. It can be seen that the
weld fused at 0.6*SFT does not show a significargrall reduction in strength despite

a large standard deviation. This could be attridhute the tolerance levels associated
with the amount of heat required for maximum welersgth. All other samples show a
significant reduction in strength.
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Figure 13: Mean values of Load/Width obtained for different weldsduring the
destructive testing

A qualitative assessment of the weld strength @aodoried out from the type of failure
observed during the tensile test (See Figure 1d).agood weld, failure involved
significant drawing of the material between theesirand is referred to as a ductile
failure and was observed in the standard weldtl8r&ilure (or a mix of both brittle
and tensile failure) was observed in poor weldgadtarised by very little drawing of
the material and failure occurs at a much lowedloa

Figure 14: Example of (L eft) ductilefailurein the standard weld sample and
(Right) brittlefailurein the sample with surface contamination (soil)



3 Conclusions

Using the B-Scan imaging technique, it was posdibldetect the majority of defects
which can be introduced into electrofusion weldstdation of particulate contaminants
can be challenging in some scenarios where theo$ite inclusion is much lesser than
the inspection wavelength. In addition to the 1X@ 425 mm pipe samples, this
technique was also successfully applied to two-weald welds (75 mm and 180 mm
diameter) which had failed in the field; and is eg@d to be scalable to other pipe
dimensions.
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