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Abstract. In the article the classification of inpipe robots is presented, their advantages and imperfections are reviewed.
The schemes of the construction of the wall press walking inpipe robot with a pneumatic drive and an inpipe robot with
a vibratory pneumatic drive are given. The analysis of the identification method of leaks occurring due to damages of
the linear part of the main oil pipelines is carried out. The momentum and continuity equations of viscous compressible
fluid in a pressure pipeline are presented. Differential equations of fluid movement in the oil pipeline are solved by the
method of characteristics. Variation diagrams of pressure and velocity of fluid in a leaking oil pipeline are presented.

The impulsive extinguishing systems are presented.
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1. Introduction

Pipelines are major tools for the transportation of
fluids and gases and a number of countries employ pipe-
lines as the main facilities. Recently, there is a lot of
troubles caused by aging, corrosion, cracks, and mechani-
cal damages from third parties. As a result in pipelines
pressure decreases and wastes increase. Therefore the
diagnostics of pipelines defects is a topical problem.

2. The classification of inpipe robots

Continuous activities for inspection, maintenance
and repair are strongly demanded. However, these ac-
tivities need enormous budgets that may not be easily
handled by related industries. For these reasons, the ap-
plication of the robot for the maintenance of the pipe-
lines appears to be one of the most attractive solutions to
be delivered now. Inpipe robots can be classified into
several elementary [1-3] forms according to the loco-
motion mechanism as shown in Fig 1. Most of them have
been designed based on specific tasks. As shown in Fig
1(a), for example, the pig is one of the most well known
commercial one that is passively driven by fluid pres-
sure inside oil pipelines and employed for the inspection
of pipelines with large diameters. The wheel type illus-
trated in Fig 1(b) is similar to the plain mobile robot and
a number of commercialized can be found.
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Fig 1. Classification of inpipe robots

The advantages of this group of design of inpipe
robots are the following: self-propelling; good control
of the speed of movement and the force of cohesion with
the contact surface; good capacity of piping where di-
ameters of pipes are different; sufficient capacity in bent
fragments of piping.

The imperfections of this group of design of inpipe
robots are the following: they can be used only after the
termination of supply of the transported substance; lim-
ited possibilities of power supply; rotational movement
on the contact with the pipe.

Fig 1(c) shows a crawler type robot with caterpil-
lars instead of wheels. As shown in Fig 1(d), a wall press
type denotes the robot with flexible mechanism for press-
ing the wall whatever means that it has an advantage of
climbing vertical pipelines. As depicted in Fig 1(e), a
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walking type possesses articulated legs and it can pro-
duce various motions.

The advantages of these groups of design of inpipe
robots are the following: self-propelling; no motion at
the contact with the pipe; good control of the speed of
movement and the force of cohesion with the contact
surface.

The imperfections of this group of construction of
inpipe robots are the following: they can be used only
after the termination of supply of the transported sub-
stance; limited possibilities of power supply; limited
movement when the layer of coating on the inner surface
of the pipe is too thick; limited capacity in bent frag-
ments of piping; limited capacity of piping with differ-
ent diameters of pipes.

The inchworm type given in Fig 1(f) is usually be-
ing developed for pipelines with small diameter. Screw
type one takes the motion of a screw when it advances in
the pipelines as depicted in Fig 1(g). Most of inpipe ro-
bots take the mechanism derived from one of those basic
mechanisms or their combinations [1-5]. The goals of
the inpipe robot have close relations with the task space
of specific applications. The principal requirement of the
inpipe robot is that the robot has to explore anywhere it
would go within its task space. Existing robots generally
travel along horizontal pipelines smoothly, but some of
them move along vertical pipelines or elbows (bend pipes,
L-shaped pipes). Furthermore, a small minority of them
can achieve the selective navigation in either common
type of branches (T-shaped pipes) or branches with the
radical radius of 1,5D curvature. For effective inspec-
tion, however, inpipe robots should have the ability to
negotiate elbows and branches, since there exists a num-
ber of those special fittings in pipelines, especially ur-
ban gas pipelines.

In the department of transport technological equip-
ment two inpipe transport robots with pneumatics drives
were made. They can be classified to transport diagnose
devices of inpipe surfaces defects.

One of them, a wall press walking inpipe robot with
a pneumatic drive, can be classified to a mixed type of a
wall press type as shown in Fig 1(d) and a walking type
as depicted in Fig 1(e).

This robot consists of few main elements (Fig 2)
compressor 1 supplying pressured air to system, robots
drive 2, operating block 3, pipes 4 which connect ele-
ments of control block network [4].

2.1. Construction working principle of the wall
press walking inpipe robot with a pneumatic drive

A drive of the wall press walking inpipe robot with
a pneumatic drive is illustrated in Fig 3. Robots drive
consists of two locking blocks 1, which can turn by hinges
2 small angles one in point of the other and intercon-

Fig 2. The scheme of the wall press walking inpipe robot
with a pneumatic drive: 1 — compressor, 2 — robots drive,
3 — operating block, 4 — pipes

Fig 3. A drive scheme of the wall press walking inpipe robot
with a pneumatic drive: 1 — locking block, 2 — hinge, 3 — shift
pneumatic cylinder, 4 — operating sensors

nected, and propelled by a two-way working pneumatic
cylinder 3.

As on a moving pneumatic cylinder as on locking
blocks pneumatic cylinders pneumatic-magnetic operat-
ing sensors 4 are fixed. They send pneumatic signals to
an operating block and process in operating block sig-
nals feeding cylinders of a pneumatic drive.

The principle of robot working is based on a walk-
ing movement, periodically pressing the wall of a pipe-
line with supporting elements of a locking block. Pres-
sured air gets into a two-way working cylinder of a lock-
ing block and its drawing stock in contact between sup-
porting elements and a pipeline wall fix a locking block.
When one of two locking blocks is fixed, a pneumatic
cylinder of other locking block, works in a reverse way.
Supporting elements of the second locking block are re-
leased by a going out stock of a cylinder. Depending on
which locking block contacts with a pipeline inside wall,
a stock of a shift pneumatic cylinder goes out or goes in.
In this way the wall press walking inpipe robot makes a
move forward.

During a physical experiment of this inpipe robot
the following dynamical parameters shown in Fig 4 were
obtained.
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Fig 4. The velocity of the wall press walking inpipe robot
with a pneumatic drive according to time

2.2. Construction working principle of an inpipe
robot with a vibratory pneumatic drive

An inpipe inspection robot with a pneumatic drive
consists of two segments with autonomous feeding. Pas-
sive modules such as a control module and other optional
modules are inserted between the active vehicles [5]. All
of the segments are interconnected with ruled elastic hinge
joints, and in addition, the body of each section is fixed to
one-stage elastic hinge dampers with 120r angle between
them that bend at a certain angle with the direction oppo-
site to the one of the movement; an elastic element is fixed
between the said dampers and the side surface of the body.

The scheme of the segment of an inpipe inspection
robot with a pneumatic drive is presented in Fig 5.

An inpipe inspection robot with a pneumatic drive
consists of n sections interconnected with ruled elastic
hinge joints. Each section consists of the body 1 with
three one-stage elastic hinge dampers 2 with 120° angle
between them fixed to it that are bent at the angle a against
the direction opposite to the one of the movement. No
less than two rows of such dampers must be provided.

In order to ensure the undirectional movement of
the robot between the body 1 and the inner surface of the
piping system as well as the contact surface of the damp-
ers 2, a roll is mounted on the end of the damper. In the
end part of the body the elastic element 4 is fixed and the
piston 5 is fixed to its other end.

Fig 5. The design scheme of the original step movement
inpipe inspection robot with a vibratory pneumatic drive:
1, 2, 4 — the elastic element, 3 — the movement support,
5 — the piston, 6 — the damper

The compressed air is supplied from the pneumatic
system receiver via the feeding branch pipe that causes
vibrations of the piston 5 through the elastic element 4.
Therefore, the piston 5 contacts with the elastic element
3 fixed in the damper 2 and the element enables the damp-
ers to be elastic and to change the trajectory of the move-
ment in the piping, if the inner diameter of the piping as
well as the thickness of the coating of the inner surface
of the piping varies.

In order to ensure a reliable movement of the robot
along the inner surface of the piping system and in order
to reduce the friction on the contact surface between the
inner surface of the piping system and the contact sur-
face of the dampers 2, a roll may be mounted on the end
part of the damper. In the end part of the body the elastic
element 4 is fixed while the other end is connected to
piston 5. The branch pipes are provided in the end and
side parts of the body for air supply and release.

During a physical experiment with this inpipe ro-
bot the following dynamical parameters of the system
were obtained (See Fig 6). Authors thank KTU prof.
V. Barzdaitis for the equipment and help during the physi-
cal experiment.

3. The method of leak identification in a pipeline

Since the proportion of the fluid transported through
these connections is rather small, the identification of
leaks is very complicated. For fast detection of places of
outflow of a liquid in the main pipelines the most effec-
tive is the method of impact wave that takes into account
waves of pressure in a liquid in the main pipelines. On
the basis of this method the method and the software of
identification of places of outflow of a liquid in the main
pipelines are developed.

The flow of viscous and compressive fluid is de-
scribed by differential equations with partial derivatives,
which express the laws of mass movement, quantity and
conservation of energy.

Movement and continuity equations of viscous,
compressible fluid in pressure pipe have the following
form [6-14].

Fig 6. The velocity of an inpipe robot with a vibratory
pneumatic drive during to time
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here: P,V — pressure and velocity of fluid; P— fluid
density; c— velocity of sound; f — non-dimensional
hydraulic coefficient of friction.

A crack in a pipeline causes rapid variations of fluid
flow. The wave of rapidly reduced pressure propagates
on both sides from the location of the crack at the speed
of sound. Pressure and velocity vary rapidly when leak-
age occurs in a pipeline. Following the diagrams of pres-
sure and velocity variations, fluid leak can be identified.

The method of leak identification is based on the
observation of pressure wave propagation time when the
change of pressure is registered. The identification of a
leak is registered by the variation of time At between
pressure waves propagating into opposite sides from the
leak that reach the beginning and the end of a pipeline,
i.e. pressure sensing elementsin the pipeline section un-
der control, at different time. If leakage occurs in the
middle of a pipeline section under control, variation of
time At will be equal to zero. Meanwhile, when |leakage
occurs closer to any end of the pipeline section under
control, the variation of time At of pressure wave propa-
gation occurs. A sample diagram of pressurevariationis
presented in Fig 7 [7, 8].
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Fig 7. Pressure and velocity variation diagram when the
diameter of the first leaking pipe is 50 mm, and the second —
75 mm: a — pressure; b — velocity

Data and calculation results when the leak is identi-
fied according to the variations of velocity when diam-
eters of leaking pipes are different (the length of a pipe-
line section is 1 km) are illustrated in Fig 8 and Fig 9.

Fig 8. Dependences of relative errors on the diameter of a
leaking pipe when the length of a pipeline section is 1 km
1— calculation on pressure and taking account velocity of
liquid; 2 — calculating on pressure and not taking into
account velocity of liquid; 3 — calculation on liquid
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Fig 9. Graph of dependence At = f (X) for 1 km long
pipeline section ( At — variation of time of waves propaga-
ting to the beginning and the end of the pipeline section
under control)

4. Deficiencies of the impulsive extinguishing technolo-
gies

Today water is chiefly supplied for extinguishing
via volumetric and centrifugal pumps using its hydraulic
liquid characteristics. The pressure energy of the pres-
surized and out-flowing water through the opening (i.e.
fire nozzle) is transformed into jet kinetic energy. If we
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use the energy of the compressed air or other gases to
eject water through the nozzle (instead of the compressed
water energy) the jet speed could be much faster. The
water droplet speed within the jet sprayed out in an ordi-
nary way reaches tens m/s, while using the compressed
air energy the water droplet speed can reach hundreds
m/s. Furthermore, because of such speeds, water spray
is atomized into fine droplets due to the air resistance
(even up to 2 microns in diameter). Consequently, the
covered area the extinguishing water enlarges as well as
the water efficiency. In the table and Figl0 you can see
droplet sizes, their number as well as the obtained cov-
ered area when water volume is one 1 liter [14].
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Fig 10. Dependence of the total covered area of 1liter of
water droplets on their diameter size

Diameters of water droplets, their number and the total sur-
face area obtained from 1 liter of water

diarlr?er?egls?tmm Droplet number | Total surface, m?
0,3 7,1x107 20
0,2 2,4x108 30
0,03 7,1x1010 200
0,02 2,4x101 300
0,003 7,1x108 2000
0,002 2,4x10" 3000

When water is supplied in fine droplets, it is pos-
sible to reach the use of all of its properties as close as
100 %. Impulsive nozzles function in the following or-
der:

- Compressed air compartment is filled up from the
air container;

- Water compartment is filled up from the water tank;

- When the fast reaction valve is opened, compressed
air and water compartments get merged;

- Water being under air pressure is ejected in a very
short time (from several to several tens of mili-seconds)
to the focus of fire;

- Further on the process is repeated from the begin-
ning.

Studies on the impulsive extinguishing technologies
have not been completed yet and need to be further up-

dated and tested. However, even now they allow us to
use the properties of the extinguishing water more effi-
ciently and reduce the response time.

The process of spraying water droplets from impul-
sive pneumatic and hydraulic system is shown in Fig 11.

Fig 11. The process of spraying water droplets:
a—t=0,01s;b—-t=0,05s;¢c—t=0,10s

5. Conclusions

1. The classification of inpipe robots, their advan-
tages and imperfections are reviewed. The schemes of
the construction of the wall press walking inpipe robot
with a pneumatic drive and inpipe robot with a vibratory
pneumatic drive are given.
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2. When analyzing pressure and velocity variation
diagrams, on the pipeline section under control at vari-
ous leakage holes diameter it was identified that the larger
the diameter of a leakage hole is, the greater variations
of pressure and fluid flow velocity in a pipeline at leak-
age are. The distance from the beginning of the pipeline
section under control to the leak is identified much more
accurately when the diameter of a leaking hole is greater.
When the diameter of a leakage hole is 10 mm, the rela-
tive error of leak estimation is 3,575 %, and when the
diameter of a leakage hole is 100 mm, the relative error
of the identified leak is 1,627 %.

The impulsive extinguishing technologies have not
been completed yet and need to be further updated and
tested. They allow us to use the properties of the extin-
guishing water more efficiently and reduce the response
time.
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