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Introduction

Electrofusion welding of polyethylene (PE) pipes offers
several advantages that enhance both the reliability
and quality of the welding process. Furthermore, these
materials strengthen the fusion between polyethylene
components and the pipe wall when heated, increasing
the ability of molten polyethylene to penetrate deeply
into the surfaces of pipes and fittings. This results in
a uniform and stronger bond. Additionally, the use
of these auxiliary materials may improve the overall
reliability of the electrofusion welding process and
reduce the likelihood of defects and leaks, which
is essential for maintaining the integrity of gas,
water, and other distribution systems. This study
investigates the use of a polymeric material based
on the fittings of gas pipeline connections made
from polyethylene to eliminate thermal resistance
caused by the gap between the pipe and the fitting.
Non-destructive testing, including thermal analyses
using infrared cameras, thoroughly examines the heat
transfer process. Additionally, the simulation of the
electrofusion welding process for the coupler under
study was conducted based on governing equations
in two scenarios: one without a polymeric interlayer
(with air in the gap between the pipe and coupler)
and another using a bonding polymeric material to
ensure no gap exists between the pipe and coupler,
establishing a complete connection. The results were
then analyzed [1,2].
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Materials and Methods

Two brands of couplers (A) and (B) with different
specifications (voltage, welding time, cooling time, coil
thickness, and weight) were examined. Additionally,
radiographic images were used to compare the quality
of field joints. Fig. 1 shows the Comparison of the two
brands of field joints.

Fig. 1 Comparison of the twists of two brands of field joints
(A) and radiographic images of two brands of field joints (B).

Preparation of Polymer Intermediary Material
Initially, polyethylene granules with a particle size of
5 millimeters (of the type used for pipe production
(HDPE PE100)) are crushed using an industrial
grinder and then converted into a fine powder. In the
next stage, xylene solvent is gradually added to this



powder in a mixer until the powdered material
transforms into a dense paste. Ultimately, the process
continues until the mixture becomes an adhesive
material with suitable viscosity.

Application of Polymer Intermediary Material
Samples of polyethylene pipes were cut using a
specialized cutting machine. After scraping the
welding area at the ends of the pipes with an automatic
scrubber, a thin layer approximately one-millimeter-
thick of the polymer interface material was applied to
a width of one centimeter on the outer surface of the
pipes or the inner surface of the fittings. Moreover,
the pipe and coupler were subsequently connected.
Additionally, since this interface material is made from
the same polyethylene as the pipes and fittings, it is
compatible with the system and integrates seamlessly
as part of the pipes themselves

Software Simulation

A three-dimensional heat transfer equation was
used for the system, including polyethylene and the
heating coil. The boundary and initial conditions
complementing this equation are provided in Table 1.

Table 1 Boundary and Initial Conditions.

Number | Domain Relation
Entire domain (initial con- R

1 . T(,0)=TO0
dition)

2 Surfaces in contact with air | -kVT = Aj (Tj - T)

Beginning and end of the
pipe
4 Wire

VT =0(@z =0, L)

Q=P(t)/V

COMSOL software version 6.2 was used to simulate
heat transfer with and without the intermediary mate-
rial. The geometry of the coupler and coil was created
based on actual measurements.

Results and Discussion

Investigating the Impact of Intermediate Material
on Temperature Increase Using IR Thermography
To conduct the non-destructive testing, the Fluke Ti32
IR camera was used. This camera records thermal pro-
files after pulse application and field welding data.
Fig. 2 shows the field welding data and linear thermal
profile.

Comparison of Temperature Profile Differences
between Standard (reference) Welds, Defective
Welds, and Welds with Interlayer Material

The temperature profiles for all three samples, both
without interlayer material and with interlayer material,
are presented in Fig. 3. The LO graph corresponds to the
healthy joint, showing a peak maximum temperature
on both sides of the joint that is identical. In the L1
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graph, the maxima are different, with the right side
exhibiting greater spacing and a higher maximum
compared to the left side. The last joint model with
the application of interlayer material is shown in the
L2 graph, which it presents a symmetrical and uniform
diagram.
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Fig. 2 IR Thermography field welding data and linear ther-
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Fig. 3 Comparison of temperature profile differences.
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Temperature Mapping Analysis

To evaluate the results, the simulation provides access
to the temperature map on the weld joint and other
points. In thermography, access to the profiles of two
key surfaces is crucial: the outer surface of the coupler
and the area around the heating coil. Fig.s 4 show the
views of the temperature variations in the heating coils
and polyethylene pipe over a 60-second period starting
from the beginning of the welding process.

Tme-120 Waua, Tamzane.ra (degs)

Fig. 4 Three-dimensional temperature profile around the
heating coil over 60 seconds.

Fig. 5 shows the temperature profile of the standard
connection surface, with the presence of air and a
modified interlayer material at the interface between
the pipe and the coupler. In the standard case, symmetry
is evident on both sides. However, with the presence
of air in the simulation element, asymmetry is clearly
observable. Moreover, the existence of the air layer
acts as a barrier to heat transfer between the pipe and
coupler connection, resulting in a temperature drop
and a difference in the peak of the internal temperature
profile of the pipe on the right side compared to the
curve on the left side. In another simulation scenario
using adhesive interlayer material, due to the use of the
interlayer and the absence of air, as well as the adhesion
of the connection, the temperature profile becomes
completely symmetrical, allowing for uniform heat
transfer from both sides.

Destructive Testing

To evaluate the effectiveness of using the interlayer
material, in addition to thermal footprint analysis at the
joints, it is necessary to conduct a crush test according
to the IGS-C-DN-003 quality control standard to
assess the impact of the interlayer material. In this
method, connections are safely cut longitudinally
using a specialized saw in the workshop by an
experienced operator, and then they are crushed in a
strong vise to examine the weld strength. Fig. 6 shows
the longitudinal cut samples of the joints for the crush
test.

Line Gragh: Temparaturs (609C)

Fig. 6 Longitudinal cut samples of the joints for the crush
test.

In the destructive crush test, no separation occurred
with the interlayer material; however, in cases where
air was present in the interlayer, separation did occur
due to the crush test.

Conclusions

In this study, the effect of an intermediary material on
the performance of electrofusion welding was inves-
tigated using thermographic analysis. Ultimately, the
results demonstrated that thermography is an effective
tool for evaluating the impact of various materials on
the performance of electrical welding. This research
successfully highlighted the positive influence of the
intermediary material on improving the performance
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of electrofusion welding. A three-dimensional simula-
tion, incorporating nonlinear heat transfer equations
and variable thermal parameters (specifically polyeth-
ylene), was conducted on a healthy weld joint
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