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Abstract—Pipdine infrastructures normally represent high cost
of investment and the pipeline must be free from risks that could
cause environmenta hazard and potential threats to personne safety.
Pipeline integrity such monitoring and management become very
cruciadl to provide unimpeded transportation and avoiding
unnecessary production deferment. Thus proper cleaning and
inspection is the key to safe and reliable pipeine operation and plays
an important role in pipdine integrity management program and has
become a standard industry procedure. In view of this, understanding
the motion (dynamic behavior), prediction and control of the PIG
speed is important in executing pigging operation as it offers
significant benefits, such as estimating PIG arriva time at receiving
station, planning for suitable pigging operation, and improves
efficiency of pigging tasks. The objective of this paper is to review
recent developments in speed control system of pipeline PIGs. The
review carried out would serve as an industrial application in aform
of quick reference of recent developments in pipeline PIG speed
control system, and further initiate others to add-in/update the list in
the future leading to knowledge based data, and would attract active
interest of othersto share their view points.

Keywor ds—Pipeline Inspection Gauge (PIG), In Line Inspection
Tools (IL1), PIG motion, PIG speed control system

|. INTRODUCTION

IPELINES are used worldwide in various kinds of product

transportation and most commonly used in the petroleum
industries. Overtime, the pipeline will deposit debris or
residua products such as scale, wax, and gas hydrate as well
as exposed to physical damages such as dent and internal
corrosion. Utilization of pigging as a common practice has
become a standard industry procedure to dea with these
emerging challenges. For effective operation, the pipelines
have to be maintained periodically through cleaning and
inspection. This is done by means of a special device caled
Pipeline Inspection Gauge (PIG) or conventional pig and In-
line Inspection tools (IL1) or intelligent PIGs. The former is
for cleaning, while the latter is for physica condition
inspection, for both applications, require insertion of the
device into the pipeline, via the pumped fluid (gas or liquid)
upstream the device to provide required force and set the
devicein motion in order to execute the task.
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The speed control of PIGs in oil pipelines with its inherent
liquid characteristic of incompressible, lubricative, and
cushioning alow easier speed control. In gas pipelines the
speed control becomes more crucial and important due to
compressibility, absence of lubricative, cushioning features
and association with velocity excursion. Realizing the
importance of pipeline PIGs motion behavior, in the last
decades, papers [1-14] have been evident for efforts carried
out to understand it better. However, the efficiency of cleaning
and inspection actions are greatly dependant of the PIG speed
which is further influenced by several parameters such as flow
rate, operation pressure, and pipeline geometry. Regardless of
whatever the pigging target, the PIGs are most effective in
performing their intended function when they are operated at a
near constant speed [3, 4, 6, 8, 9, 10]. Moreover, excessive
and uncontrolled speed of a PIG can be very dangerous such
as bursting of pipeline due to PIG stuck. In view of this,
understanding the motion (dynamic behavior), prediction and
control of the PIG speed is important in executing pigging
operation as it offers significant benefits, such as; estimating
PIG arrival time at receiving station, planning for suitable
pigging operation, and improves efficiency of pigging tasks.
To date, several papers have discussed the speed control
systems for pipeline PIGs.

Il. PAST AND PRESENT DEVELOPMENT IN PIPELINE PIGS
SPEED CONTROL SYSTEMS

The speed control methods can be either active or passive.
In passive speed control methods [5,11], the strategy would be
to control the PIG speed via externally generated controls such
as controlling the operating pressure or flow rate which would
result in owing down / increasing the speed of PIG. In active
speed control [3, 8, 14, 15-23], the travelling speed of the PIG
in the pipeline is controlled by its own incorporated
mechanisms. The stable speed depends on the drive
mechanism efficiency. The fina output of a drive mechanism
can be either varying speed or constant speed. The literature
survey reveals that very few works done [14, 17, 21], which
succeeded in achieving constant speed control of pipeline PIG.
Similarly, for bidirectional pipeline PIG [19, 20, 23].
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Ill.  ASSESSMENT OF THE PIG SPEED CONTROL SYSTEMS

Most of the studies undertaken in the past and eten

present have focused their interest in incorpogatin active
speed control which enables a pipeline PIG to travdesired
speed. In this respect, active speed control sysigmires its
speed control via self mechanism which generateowtn
speed. Such mechanism is vital as it minimizesliarieates
the influence of pipeline operation parametersctiliation.
This is important for pipeline PIG as it ensureat thiavelling
speed is always maintained within limit even whba flow
rate and pressure in the pipeline changes [17]ikeirthe
passive one, which is heavily influenced by thebanges.
Controlling of pipeline operating pressure, mamfpressure,
and flow rate, are examples of passive controlesysfThese
factors usually are very much dependable on pipalystems’
operating condition and are prone to fluctuatioe tuvarious
reasons. In relation to this, most of the studiesied out
resulted in varying speed control, with the exaapbf several
works in achieving constant speed [14, 17, 21].

IV. SIGNIFICANCE OF THEPIG SPEED CONTROL

ILI tools without speed control tool requires 1-&h K1.6-
3.2 miles) of travel before reaching the desiredesp[24].
With speed control, it achieves the target spedtiimvionly
0.050 km (0.03miles).

As PIG is most effective for whatever the
functions when it runs at a near constant speéidiesft speed
control will enhance the results of cleaning, irdtjpm, and
mapping of geometries within pipeline.

Excessive and uncontrolled speed of a PIG can lbg ve

dangerous and incurs additional operational coBRSs
possessing features such as, bidirectional moversapable

of achieving constant speed with active speed obntr

mechanism, and self-propelled eliminates the neetethered
power supply which has limitation in power storagéh
travelling distance inside pipeline.

Detection provides condition of pipeline deformstighich
is crucial for pipeline operators to undertake eotive actions
effectively as to avoid any pipeline severities.

The key to reliable and with high quality data dreectly
influenced by the tool speed. Liquid
incompressibility and lubricative features are dapain
avoiding velocity spike, unlike in gas lines, whiafre prone to
experience velocity surge [/ excursion due to
compressibility. Hence it would be considerably artant to
establish a continual development of speed coegséntially
in gas pipelines.

V.CONCLUSION

The recent development of pipeline PIG speed cbntro

system clearly indicates that it is paramount teehefficient
speed control and to have the tools running eitbrecleaning
or inspection at a constant speed. This is veryciaru
especially for ILI tools for accurate data acqinsit
Otherwise, it would impair its performance whichulmb
diminish the integrity of the pipeline conditionufthermore,
it has become evident for the growing demand fahér

intended

lines with it

ith]

accuracy of anomalies characterization and detedtiolLl
industry to cope with the challenging environment o
deepwater regions of which are increasingly becgrhistspot
petroleum exploration industries to have overaficefncies.
The review carried out would serve as an indusapglication

in a form of a quick reference of recent developt®en
pipeline PIG speed control system, shall initistteers to add-
infupdate the list in the future leading to knodge based
data, and would attract active interest of othershare their
view points.
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