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Abstract: Pipelineinspection gauge or known as PI G basically
a device which is inserted into a pipeline with the purpose of
cleaning or inspecting the pipeline for example in oil and gas
industry. Pipeline pigging enhances the flow rate and corrosion
control in the pipeline. During operation, the PIG is subjected to
frictions and wear that occur between the sealing disc and the
pipelinewall. The objective of this study isto simulate the contact
pressure between the PIG sealing disc and the inner pipeline
during pigging process. Other than that, the study is conducted to
calculate the wear volume on the PI G sealing disc as the distance
of pigging operation increase. The simulation is performed using
COMSOL Multiphysics 5.3. The analytical calculation
implemented Archard’s law formula. The result showed the
higher the normal load applied to the PIG sealing disc, the higher
the contact pressure between the sealing disc and the pipeline.
Next, when the PIG travel through a pipeline with normal load
applied, the volume loss of PIG sealing disc is increasing. As a
conclusion, when the PIG is travel through a pipeline during
pigging, the PI G is subjected to various conditions such asfriction
and wearswhich can affect the pigging performance.

Index Terms. Tribology, Computational Simulation, Pigging,
Wear, Sealing Disc.

. INTRODUCTION

The sealing disc of pipeline inspection gauge (PIG) issized
between 3% - 10% larger than the internal diameter of the
pipeline[1]. Problem arise when the oversize sealing disc are
operated in the pipeline. The contact pressure on sealing disc
and pipeline wall is high due to the larger size of the sealing
disc causing high friction rate [2].
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The purpose of larger diameter of sealing disc than the
inner diameter of the pipelineisto ensure al the debris on the
wall of the pipeline are clean through effectively.

Thefriction is due to the dliding contact of the sealing disc
and the pipeline wall, as most of the PIG weight is directed to
the sealing disc [3].

Previously, Zhang et a. [4], shows that atight seal provides
the necessary condition to achieve the desired differential
pressure across the PIG so as to overcome the friction force
and drive it through the pipeline.

PIG is subjected to wear as the PIG istoo tight to the inner
pipeline. As the sealing disc wear, leakage will take place
causing the differential pressure across the PIG to drop.
Excessive wear can lead to the failure of the sealing disc and
can potentially cause the PIG to stick within the pipeline. The
am for this research is to simulate the contact pressure
between the PIG sealing disc and the inner pipeline during
pigging as well as prediction the wear volume of the PIG
sealing disc as the distance of pigging operation increases. To
date, this study utilizes soft PIG materials in order to study
behavior of pigging systemin low cost applications.

[I. METHODOLOGY

This study investigates the contact pressure and wear
between the PIG sealing disc and the inner part of the pipeline
thus to provide data for further development of the
improvement of the PIG sealing disc. Wear can cause the
sealing disc of the PIG cannot be used for along period which
is assess through volume loss from the used of computational
simulation.

The study utilized finite element analysis using COM SOL
Multiphysics software for modeling and simulation the PIG as
shown in Figure 1. The characteristic of the pipeline and PIG
sealing disc that are used to conduct the research are
according to Zhang et al. [4, 5]. In this study, the steel plate
Young’s modulus, Poisson’s ratio and density are 210 GPa,
0.28 and 7850 kg/m® respectively. The PIG sedling disc
Young modulus, Poisson’s ratio and density are 1.66 MPa,
0.499 and 1200 kg/m® respectively. The simulation was
focusing to determine the contact pressure between the
sealing disc and flat steel plate. The load that are used in the
simulation in the range between 8 kN to 15 kN to show the
effect of load to the sealing disc. The sizes of sealing disc used
arein the range between 50 mm to 80 mm. The study utilizes
steel plate as substitute to pipeline to simplify the simulation.
The simulation aso conducted without any liquid as
lubrication between the PIG sealing disc and the stedl plate.
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After the model been analyzed, the model is proceeds to
analyze the contact pressure between the sealing disc and the
steel plate. The wear volumeis calculated by using Archard’s
law formula as utilizes in previous study [6]. First, before
calculating the wear volume, the wear rate is needed to be
determined.

The wear rate is obtained through Zhang et a. [7]. Only
symmetrical model of PIG was used to minimize due to the
computer limitation.
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Fig. 1 Actual model of the Polyurethane PIG

1. RESULT AND DISCUSSION

The aimfor thisresearch isto simulate the contact pressure
between the PIG sealing disc and the inner pipeline during
pigging as well as prediction the wear volume of the PIG
sealing disc as the distance of pigging operation increases.

According to graph in Figure 2, as the normal load applied
to the PIG sealing disc increase, the contact pressure between
the sealing disc and the steel plate is increase. The highest
contact pressure recorded is 1000 M Pa and the lowest is 600
MPa. Based on the graph, when larger radius of sealing disc
used, the contact pressure reading is decrease. Thisisbecause
larger sealing disc have more room to distribute higher
normal load applied causing less contact pressure to the steel
plate. For example, when 80 mm radius of sealing disc used
the maximum contact pressure recorded at 850 MPa and the
lowest at 600 MPawhile 50 mm radius of sealing disc shows
the maximum contact pressure is 1000 MPa and the lowest is
750 MPa. The average contact pressure difference between
each radius of sealing disc used is54.17 MPa.

Based on the simulation, higher normal load tendsto create
higher contact pressure between the PIG sealing disc and the
steel plate as shown in Figure 2. When the norma load is
applied, the load distributed inside the PIG sealing disc
forcing the PIG sealing disc to move downward to make
contact with the steel plate. The contact then yields contact
pressure between the PIG sealing disc and the steel plate.
During the contact of two surfaces, initially the contact will
only occur at few points to support the normal load applied
[8]. Asthe normal load isincreases, the surfaces move closer
together causing existing contact grow to support the
increasing load. At theregion of the contact spot, deformation
occur establishing stress that oppose the applied |oad.

Frictional forces can act either good or bad. Friction causes
energy lossand wear of moving surfacesin contact (Figure 4).
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As the diding distance increase, the wear volume of PIG
sealing discisincrease consistently asshownin Figure 3. This
is because the wear rate of the PIG sealing disc is assumed
consistent over the distance of PIG sliding. The highest wear
volume recorded is 17.89 mm® and the lowest is 2.39 mm®.
Based on the graph, when higher normal load applied to the
PIG sealing disc, the wear volume is also increase. This is
because when higher normal load applied to the sealing disc,
it creates more sliding contact towards the steel plate thus
causing higher wear volume of PIG sealing disc. For example,
the when 8 kN of normal load is applied to the PIG sealing
disc the maximum wear volumeis 9.54 mm? and the lowest is
2.39 mm® when the diding distance is 20 m and 5 m
respectively while when 15 kN of normal load is applied the
maximum wear volume is 17.89 mm? and the lowest is 2.39
mm3 when the dliding distance is 20 m and 5m. The average
wear volume difference between each normal load applied is
0.74 mm®,
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Fig. 2 Overall contact pressure reading under different
normal force applied
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Fig. 3 Overall wear volumeswith different normal load
applied

Asthe PIG travel through the pipeline, the wear volumeis
increasing. The PIG sealing disc tends to create surface
contact with the pipeline causing friction and wear to the
sealing disc. Polymer-based materials have high
viscoelasticity that are subjected to plastic deformation, high
friction and wear [5].
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Contact between asperities with high local stress and are
repeated during sliding motion with or without lubrication
causing fatigue wear. Softer materia will undergo plastic
deformation as result of fatigue wear [5]. The interaction of
therigid asperities of the steel surfaces during diding causing
the top layered abrasive pattern of the rubber surface will
experience repeated compression, expansion and reversed
shear stress under cyclic loading. During the pigging process,
certain volume of PIG sealing disc from the rubbing pairs will
be removed.

Surface: von Mises stress (N/m?)
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The result from current study show the range of wear
volume is between 2.39 mm® to 17.89 mm® when the PIG
travel 5mto 20 mwith 8 kN to 15 kN of normal load applied
tothe PIG sealing disc. Theresult from [5] shows the range of
wear volume is between 1 mm?® to 8.45 mm?® when the PIG
travel 100 m to 400 m with 2 N to 4 N of normal load is
applied to the PIG sealing disc. The range of wear volumeis
between 1.27 mm? to 6.00 mm® when the PIG travel 100 mto
400 m with 2 N to 4 N of normal load is applied to the PIG
sealing disc which supported by previous study [5].

All the study shares common result whereas the dliding
distance increase, the wear volume of the PIG sealing disc
increases. When the PIG travel through a steel place with
normal force is applied, the PIG sealing disc is creating
surface contact with the steel plate and in motion against with
the steel plate causing friction and wear to the sealing disc.

There are differences of result between current study and
previous study where the amount of wear volume of current
study is relatively larger for short distance than both of
previous study. This is because, the amount of normal load
applied to the PIG sealing disc in current study is larger than
previous study. Wear volume of PIG sealing disc tend to
increases as the applied load increases during the dliding
motion [5]. Surface contact was found to be directly
contributed to the rate of wear, even under normal loading [1].
Compares the volume losses at all diding distances under
normal load, it can be seen that the volume losses are directly
proportional to al variables. From the simulation, the contact
pressure in between hydraulic spool and valve was found to
be influence by the normal load. The stress distribution of
contact pressure on the model under normal load as shown in
Figure 4, which is believed to be caused by surface
deformation of both sealing disc and pipe.
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[V. CONCLUSION

The study aso can be used as a reference to enhance the
pigging process performance. Based on the data gain in this
study, the data can be used to study on the relationship
between the contact pressures and wear of PIG sealing disc as
contact pressure and wear influence the effectiveness of the
pigging process.

It shows that higher normal load applied towards the PIG
sealing disc causing higher contact pressure. Aswe know that
higher contact pressure between the sealing disc and the steel
plate create more friction thus causing high wear volume of
the PIG sealing disc which become ineffective over time.
Wear volume of the PIG sealing disc is increase when the
sliding distance increase with higher norma load applied.
Excessive wear volume over certain distance can cause the
pigging ineffective because of the differential pressure inside
the pipeline decrease. The PIG is highly possible to get stuck
inside the pipeline as the differential pressure decrease
causing work delay and expensive cost.

The percentage of overlap between the sealing disc and
pipe can be reduced by using finer meshing and different
contact surface fromthisstudy. Thevolume losseswere found
to be directly influenced by the dliding distances and load.
Regardless of the load value, the shortest dliding distance
generated the highest loss in volume. Thisis supported by the
stress distribution of contact pressure which isregarded to the
surface deformation of both disc and pipe plate in contact.

This study is hoped to include more variables thus thorough
understanding of wear mechanism can be presented through
computational simulation. The modelling of the PIG sealing
disc and pipe may aso be improved with advancement in
computational power and geometry.

ACKNOWLEDGMENT

Authors would like to thank Universiti Kuala Lumpur
(UniKL) for giving usthe opportunity to do such aresearchin
the laboratory. This project was sponsored by the Universiti
Kuala Lumpur (UniKL). Special thanks go to Dr Zuhaila as
given the opportunities to use the facilities in her laboratory.

REFERENCES

1. Tiratsoo, JN.H., Pipeline Pigging Technology. 1992: Gulf Publishing
Company.

2. Tan, G.-B., et d., Probing tribological properties of waxy ail in pipeline
pigging with fluorescence technique. Tribology International, 2014. 71:
p. 26-37.

3. Mushiri, T., S. Ndlovu, and C. Mbohwa, Design of a mechanica
cleaning device PIG (pipeline intervention gadget) connecting two
transfer linesin Zimbabwe. 2016.

4. Zhang, H., et a., Measurement and analysis of friction and dynamic
characteristics of PIG’s sealing disc passing through girth weld in oil
and gas pipeline. Measurement, 2015. 64: p. 112-122.

5. Zhang, H., et a., Wear of a polyurethane rubber used in dry gas pipeline
as inspection gauges. Journal of Natural Gas Science and Engineering,
2017. 41: p. 40-48.

6. Rupert, T.J. and C.A. Schuh, Sliding wear of nanocrystalline Ni—W:
Structural evolution and the apparent breakdown of Archard scaling.
Acta Materialia, 2010. 58(12): p. 4137-4148.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




Tribological Exploration on Pigging System using Computational Simulation

7. Zhang, H., S. Liu, and S. Zhang, Friction and wear of a polyurethane
elastomer used in dewatering for bi-directional pipeline inspection
gages. Proceedings of the Institution of Mechanical Engineers, Part J:
Journal of Engineering Tribology, 2017. 231(8): p. 1068-1077.

8. Bhushan, B., Introduction to tribology. 2013: John Wiley & Sons.

AUTHORSPROFILE

A. S. Jefri graduate student in facilities maintenance
engineering, Universiti Kuala Lumpur, Malaysian
Institute of Industrial Technology.

Fatihhi Januddi currently senior lecturer in facilities
maintenance engineering section, Universiti Kuala
Lumpur, Malaysian Institute of Industrial technology.
His research interests in mechanics and failure of
materials.

Adnan Bakri currently senior lecturer in facilities
maintenance engineering section, Universiti Kuala
Lumpur, Malaysian Institute of Industrial technology.
His research interests in maintenance management and
TQM.

M. A. Ismail currently senior lecturer in facilities
maintenance engineering section, Universiti Kuala
Lumpur, Malaysian Institute of Industria technology.
His research interests in the next generation stylus for
micro coordinate measurement and precision
metrology.

Zuhaila Ismail currently senior lecturer in Applied
Mathematics, Department of Mathematical Sciences,
Faculty of Science. Her research interests in
Mathematical Physiology - Modelling of Flow and
Deformation of the Human Eye and Modelling of
Blood Flow in Stenosis.

M. S. Effendy Kosnan holds a Bachelor and Master
Degree specialized in Manufacturing System and Design
Manufacturing Engineering. Currently pursuing an
Engineering PhD in Mechanical Engineering at
University Teknologi Malaysia, focusing on fracture and
solid mechanic. He is registered as a Graduate
Technologist with Malaysian Board of Technology (MBOT) and Graduate
Engineer under Board of Engineers Maaysia (BEM), member of
Malaysian Society of Engineering Technology (MySET) and certified of
CSWIP 3.0 Visual Inspector Welding under TWI, ABM.

Retrieval Number: C9232019320/20200BEIESP Published By: o
DOI: 10.35940/ijitee.C9232.019320 2795 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org & Sciences Publication Exproring Tneeten




