Acta Mechatronica - International Scientific Journal about Mechatronics
Volume: 1 2016 Issue: 1 Pages: 1-7

ISSN 2453-7306

MACHINES FOR INSPECTION OF PIPES
Tatiana Kelemenová; Peter Frankovský; Ivan Virgala; Ľubica Miková; Michal Kelemen

MACHINES FOR INSPECTION OF PIPES
Tatiana Kelemenová
Technical University of Kosice, Faculty of Mechanical Engineering, Letna 9, Kosice, Slovak Republic,
tatiana.kelemenova@tuke.sk

Peter Frankovský
Technical University of Kosice, Faculty of Mechanical Engineering, Letna 9, Kosice, Slovak Republic,
peter.frankovsky@tuke.sk

Ivan Virgala
Technical University of Kosice, Faculty of Mechanical Engineering, Letna 9, Kosice, Slovak Republic,
ivan.virgala@tuke.sk

Ľubica Miková
Technical University of Kosice, Faculty of Mechanical Engineering, Letna 9, Kosice, Slovak Republic,
lubica.mikova@tuke.sk

Michal Kelemen
Technical University of Kosice, Faculty of Mechanical Engineering, Letna 9, Kosice, Slovak Republic,
michal.kelemen@tuke.sk
Keywords: mechatronics, machine, locomotion, pipes, wheeled
Abstract: Machines for inspection of pipes are locomoted inside pipe via used various types of locomotion. This arcticle
deals with wheeled in-pipe locomotion. Developed in-pipe machines are described. Pipe is as constrained space and it is
complicated to design the machine for this purpose. Problems that are necessary to solve can be divided into several
groups, small dimension and scalling effect of actuators, power supply and cables, impurities inside pipes etc.
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Introduction

In-pipe micromachines are able to move in the pipe to
inspect or to repair the pipe or other special tasks. Pipe is
as confined space i.e. this is constraint for micromachine
dimensions, degrees of freedom etc. There are a lot of
interdisciplinary problems in design and realisation of inpipe micromachine. It is difficult to choose suitable
actuators, sensors, and power supply etc.
In term of biological analogy, it is possible to divide
ways of locomotion into two main groups [1-15]:
•
artificial locomotion,
•
biological inspired locomotion.
In term of physical principle, we can divide both these
groups into several basic locomotion ways. It is important
to say that it is not final and changeless dividing [1-15].
Wheeled locomotion principle: Wheels are standard
synthetic components, which are very often used for
locomotion purposes. However inner pipe wall is not
perfect. There are a lot of obstacles, which have various
characters. When inner pipe wall is dirty, wheels tend to
slipping.
Crawled locomotion principle: Tracks is also
unfinished rotating element. It is most adaptable to
surface then wheels but it is not so often used as wheels.
Legged locomotion principle: Legs are components,
which have inspiration in biology (e.g. spider, cockroach
etc.). Many biological organisms reach high speed, which
locomote via legs. These organisms overcome difficult
obstacles and there are fascinating for designers.

Inchworm-like principle: The inchworm strategy
comes from biological example. The inchworm is capable
of manoeuvring in extremely small spaces, it can do so in
arbitrary orientations to gravity and can withstand
substantial external forces attempting to diverge it from
its intended course. It can do these things because its
mobility system is governed by a simple rule: "Never let
go of what you're holding until you're holding something
else!“.
Inertial stepping locomotion principle: The principle
based on fact that a part of device (inertial mass)
oscillates with suitable frequency. Backward tendency of
motion is damped.
Worm-like locomotion principle: The locomotion uses
anisotropic properties of friction between device and pipe
wall. Forward friction force is less then backward friction
force. It causes that device locomotes in forward
direction.
Travelling wave locomotion principle: Device has
articulated body and generates travelling wave from head
to tail [1-15].
In-pipe inspection is considered as objective method
for crack detection and in some cases it is only one
possible way of pipe inspection. There are very known
facts about accident in nuclear power plant, which has
very bad impact to people and environment. These
damages caused with pipe crack are higher than value of
the pipe system. These facts were the initial impulse for
in-pipe inspection developing. Some pipe systems are
placed in environment, which is dangerous for people, so
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this is area right for in-pipe micromachine. In-pipe
inspection is always cheaper than eliminating of accident
results. It is very difficult to develop universal inspection
in-pipe micromachine. In the most cases is possible to
determine concrete conditions, in which the
micromachine will locomotes. Following this condition,
the way of locomotion and sensing system are selected.
Situation is more complicated if inner pipe diameter
decreased [1- 15].
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possible to make configuration with two drive modules
and three energy modules analogous to train.

Wheeled modular machine for constant
inner pipe diameter

At first a compact machine MATALU for in-pipe
locomotion has been developed for pipe with inner
diameter from 34 to 36 mm (Figure 1). This concept has
low traction force and problem with crossing of T – joint.
Figure 3 Modular in-pipe machine FENAUS in short version

Every module is connected to other via using the
spring joint, which enables very good manoeuvring to
cross also elbow and T – joints (Figure 4).

Figure 1 Compact in-pipe machine MATALU

Next developed wheeled machine FENAUS has been
arranged as modular mechatronic system for pipe
inspection of inner diameter from range 34-36 mm.
(Figure 2) [16, 17].

Figure 4 Modular in-pipe machine FENAUS in elbow

Figure 2 Modular in-pipe machine FENAUS

Machine consists of energy module, connecting
module, end module, control module and drive module.
Composition of machine can be arranged in accordance
with application. Minimum configuration contains driving
module and end module (Figure 3). Nevertheless, it is

Drive module (Figure 5) consist of DC brush motor
with 2 stage cylindrical-worm gearing. Torque is
distributed to wheels through the worm gear that are
connected on the every shaft of traction wheels. Traction
wheels are in three pairs around the driving module body.
Normal force between the wheels and inner pipe wall are
generated via using the helical springs.
Energy module (Figure 6) are made from plastic and
includes NiMH accumulators and Lithium monocells for
supplying energy to DC motor, sensors and
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microcontroller. This module is used in case if wireless
working of in-pipe machine is required.
Control
module (Figure 7)
includes the
microcontroller Basic Stamp 2SX and other electronics
for DC motor controlling and data capturing from sensors.

Figure 8 Connecting module of machine FENAUS

Figure 5 Drive module of machine FENAUS

Figure 9 End module of machine FENAUS

Another problem, which is necessary to solve, is
slipping of wheels on inner pipe wall. There is a
possibility to do wheels with controlled compressive force
in order to minimise slipping. This idea could bring to
FENAUS intelligence and improve the overall
performance and energy saving which is very necessary in
autonomous FENAUS [16, 17].
Figure 6 Energy module of machine FENAUS

3

Figure 7 Control module of machine FENAUS

Connecting module (Figure 8) is designed for
improving of overall machine stability. Also this module
connects other modules without wheels.
End module (Figure 9) is dedicated for carrying of the
sensors of pipe crack and sensor for navigation and
camera for tele-operator using.
Overall length of the machine is 280 mm nut it
depends on selected configuration. Minimum bend radius
of elbow is 135 mm. Maximum velocity is 30 mm/s with
one drive module, one control module, one end module,
one energy module and two connecting modules.

Wheeled machine with adjustable wheels

Traditional conceptions of wheeled in-pipe machines
tend to wheels slipping or self-blocking. Next designed
in-pipe mechanism CEREVKA has adjustable wheels. It
means that wheels are able to adapt to inner diameter
inside pipe in range from 100 to 200 mm. Only
mechatronic conception design allows solving of this
problem. One of the possible ways of the wheeled in-pipe
machines is placement of the traction and stabilization
wheels to the arms regularly placed around the machine
body (Figure 10) [18-21].
The basic part (Figure 11) is the machine body (1),
which is connected with guiding rod (2). Carrier (3) is
moving on guiding rod (2). Wheel holder (4, 5, 9) are
connected to the machine body (1) and carrier (3) via
plane joints. Wheel holder (4) holds driven wheel (6) and
wheel holder (9) holds stabilization wheel (7).
Stabilization wheel provides the better stabilization of
machine locomotion inside pipe. Connecting part (8) is
placed between these wheels (6, 7). Parts (3, 4, 8, 9)
compose the parallelogram mechanism. This mechanism
can be as source of the problems in described situation of
locomotion inside the pipe. For this reason carrier (3) has
to be divided (Figure 12) into the part (3) and part (10).
These parts will be connected via spring (11). This
configuration allows assuring of connection of the every
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wheel with inner pipe wall. This divided carrier with
spring allows the passive compensation of the pipe
deviations. Active adapting to change of inner pipe
diameter is able to realize via change of the carrier
position (3) from the machine body (1). This position
change is can be obtained through the position
servomechanism in combination with screw mechanism
[18-21].

Figure 12 Adaptation to the change of the inner pipe surface
geometry of wheeled machine with adjustable wheels CEREVKA

Figure 10 Wheeled machine with adjustable wheels CEREVKA

Figure 13 Servomechanism placement on wheeled machine with
adjustable wheels CEREVKA

Every arm (Figure 13) is consisting of pair of parts (4,
5, 8 and 9). Final design is shown on (Figure 14).

Figure 11 Machine arm arrangement of wheeled machine with
adjustable wheels CEREVKA

Every driven wheel (6) is driven via independent
actuator (16) (Figure 13). The placement of this actuator
(16) has been proposed nearest to the driven wheel
(Figure 13). Actuator is placed between the wheel holders
(4, 5) because of elimination of the parts collision in
process of adaptation to changed inner diameter of the
pipe.

Figure 14 Final design of the arm on wheeled machine with
adjustable wheels CEREVKA

Opening and closing of the arms is provided via
displacement of the part (3a) (Figure 15). Displacement of
the part (3a) could be secured through the screw

~4~
Copyright © Acta Mechatronica, www.actamechatronica.eu

Acta Mechatronica - International Scientific Journal about Mechatronics
Volume: 1 2016 Issue: 1 Pages: 1-7

ISSN 2453-7306

MACHINES FOR INSPECTION OF PIPES
Tatiana Kelemenová; Peter Frankovský; Ivan Virgala; Ľubica Miková; Michal Kelemen

mechanism placed in axis of the machine. Screw rod (2a)
is at the both ends fixed in bearings. Screw rod (2a) is
connected with part (3a) through thread (it is female
screw). So, part (3a) and screw rod (2a) compose the
screw mechanism. Rotating of the screw rod (2a) causes
the displacement of the part (3a) and it means that arms of
the machine will open or close.
Part (3b) has no thread (there is only simple hole)
because of possibility to adaptation to change of inner
pipe diameter near the driven wheels (6) and near the
stabilization wheels (7).
Guiding of the parts (3a) and (3b) is provided through
three guiding rods (circular cross-section) (2b).
Guiding rods (2b) is fixed in machine body (1) and
end part (2c) (fig. 11). End part (2c) is able to move
through the part (10). This proposition causes shortening
of the overall machine length. Part (10) is used for
pressing of the stabilization wheels (7) to the inner pipe
wall. This is the reason that part (10) is not fixed to the
part (3a). Part (10) is able to move on six guiding rods
(17). The pressing of the stabilization wheels is provided
through the springs (11).
Wheel holders are connected to the part (1), (3b) and
(10) through the joint pins [18-21].

control normal force between the driven wheels and inner
pipe wall [2, 3].

Figure 16 Spring deformation measurement of wheeled machine
with adjustable wheels CEREVKA

Actuator has to rotate with screw rod (2a) in suitable
direction for controlling of the arm opening and closing.
This is a way how to react to the changed conditions
inside the pipe. Final design of the adaptable in-pipe
machine is shown on (Figure 17).
- Overall machine weight: 0,628 kg
Basic dimensions:
- Opening of the arms (range of the inner pipe
diameters):
Min.:98 mm; Max.: 204mm
- Length (for 100 mm pipe): 186 mm
- Length (for 200 mm pipe): 134mm
- Maximum locomotion speed in horizontal pipe
0,082m/s.

Figure 15 Opening and closing of the arm of wheeled machine
with adjustable wheels CEREVKA

Part (3b) can free-run on guiding rods (2b). The
spring (12) is placed between part (3a) and (3b) (Figure
16). This spring is deformation part used for normal force
measurement between driven wheels and inner pipe wall.
The change of the normal force is caused via change of
the inner pipe diameter and it will make spring
deformation. Consequently, it is necessary to measure
spring deformation through the distance sensor.
Spring deformation is measured through the hall
sensor (13) (placed on part 3a) and permanent magnet
(14) (placed on part 3b). The microcomputer will evaluate
the change of distance between the part (3a) and (3b).
After that, microcomputer can affect to actuator for
opening and closing of the arms. This is a way how to

Figure 17 Final design of wheeled machine with adjustable
wheels CEREVKA

The overall in-pipe machine will consist of several
these modules (Figure 18) arranged one after another.
These modules will connect through the suitable
controlled joints. This articulated structure looks like
snake will be able to locomote inside curved pipes like
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elbow, reduction of diameter, double branch joint etc [1821].

Figure 18 Overall design of wheeled machine with adjustable
wheels CEREVKA

4

Conclusion

This mechatronic concept is one of the possible
solutions for elimination of above mentioned weakness. It
provides to obtain better designed in-pipe machine
performance and other properties than in-pipe machine
used before. The controlling of the value of the normal
force also causes the improving of the energy balance and
decreasing of loses [18-23].
Acknowledgement
The work has been accomplished under the research
projects No. VEGA 1/0872/16 and KEGA 048TUKE4/2014 financed by the Ministry of Education.

References
[1] AOSCHIMA, S., TSUJIMURI, T., YABUTA, T.:
‘Design and analysis of a midget mobile robot using
piezo vibration for mobility in a thin tube‘, In Proc. of
the International Conference on
Advanced
Mechatronics, Tokyo, p. 659-663, 1989.
[2] SUZUMORI, K., MIYAGAWA, T., KIMURA, M.,
and HASEGAWA, Y.: Micro Inspection Robot for 1in Pipes, IEEE/ASME Transactions on Mechatronics,
Vol. 4, No. 3, September 1999, 286-292. 1999.
[3] HIROSE, S., OHNO, H., MITSUI, T. and SUYAMA,
K.: ‘Design of In-Pipe Inspection Vehicles for φ25,
φ50, φ150 Pipes‘, In Proceedings of the 1999 IEEE
International
Conference
on
Robotics
and
Automation, Detroit, Michigan, May 1999, pp. 23092314, 1999.
[4] JUN, Ch., TAO, Ch., ZONGQUAN, D.: ‘Design
method of Modular Units for Articulated in-Pipe
Robot Inspecting System‘, 2011 IEEE Second
International Conference on Digital Manufacturing &
Automation, pp. 389-392, 2011.
[5] BERTETTO, AM., RUGGIU, M.: ‘In-pipe inch-worm
pneumatic flexible robot‘. In Proc. of IEEE/ASME
International Conference on Advanced Intelligent
Mechatronics, Vol. 2. Italy; p. 1226–31, 2001.

[6] QIAO, J., SHANG, J., GOLDENBERG, A.:
Development of inchworm in-pipe robot based on
self-locking mechanism. IEEE/ASME Transactions on
Mechatronics, Digital Object Identifier 10,
1109/TMECH; 2012.
[7] BYUNGKYU, K., MOON GU, L., YOUNG PYO,
L.,, YONG In, K., GEUN Ho, L.: An earthworm-like
micro robot using shape memory alloy actuator,
Sensors and Actuators A, Vol. 125 (2006), pp. 429–
437. 2006.
[8] KUWADA, A., TSUJINO, K., SUZUMORI, K.,
KANDA, T.: ‘Intelligent Actuators Realizing Snakelike Small Robot for Pipe Inspection‘, In Proc. of
International
Symposium
on
MicroNanoMechatronics and Human Science, 2006,
Nagoya, pp. 1-6, 2006.
[9] NEUBAUER, W.: Locomotion with articulated legs in
pipes or dusts, Robot. Autonomous Syst., Vol. 11, No.
3–4, pp. 163–169, 1993.
[10] YUM, Y. J., HWANG, H. S., KELEMEN, M.,
MAXIM, V., and FRANKOVSKÝ, P.: In-pipe
micromachine locomotion via the inertial stepping
principle, Journal of Mechanical Science and
Technology 28 (8) (2014), 3237-3247. 2014.
[11] DEGANI, A., FENG, S., CHOSET, H., and
MASON, M. T.: ‘Minimalistic, Dynamic, Tube
Climbing Robot‘, Proc. of 2010 IEEE Int. Conf. on
Robotics and Automation Anchorage Convention
District, May 3-8, 2010, Anchorage, Alaska, USA, pp.
1100-1101, 2010.
[12] GMITERKO, A., DOVICA, M., KELEMEN, M.,
FEDÁK, V., MLÝNKOVA, Z.: ‘In-Pipe Bristled
Micromachine‘, In Proc. of 7th Int. Workshop on
Advances Motion Control July 3-2. 2002, Maribor.
pp. 467-472, 2002.
[13] GMITERKO, A., DOVICA, M., KELEMEN, M.,
FEDÁK, V., MLÝNKOVA, Z.: ‘In-Pipe Bristled
Micromachine‘, In Proc. of 7th Int. Workshop on
Advances Motion Control July 3-2. 2002, Maribor.
pp. 467-472, 2002.
[14] YAGUCHI, H., IZUMIKAWA, T.: Performance of
cableless magnetic in-piping actuator capable of highspeed movement by means of inertial force, Advances
in Mechanical Engineering, Vol. 2011, ID 485138
(2011), p. 1-9. 2011.
[15] IZUMIKAWA, T., YAGUCHI, H.: Novel Cableless
Magnetic Actuator
Capable of High-speed
Locomotion in a Thin Pipe by Combination of
Mechanical Vibration and Electromagnetic Force,
Procedia Engineering, Vol. 29 (2012), p. 144-149,
2012.
[16] MAŤAŠOVSKÁ, T., KELEMEN, M.: ‘Wheeled inpipe micromachine – Fenaus‘, In Mechatronics,
Robotics and Biomechanics 2003. Brno VUT, 2003,
pp. 71-72. 2003.
[17] BOCKO, J., KELEMEN, M., KELEMENOVÁ, T.,
JEZNÝ, J.: Wheeled locomotion inside pipe, Bulletin

~6~
Copyright © Acta Mechatronica, www.actamechatronica.eu

Acta Mechatronica - International Scientific Journal about Mechatronics
Volume: 1 2016 Issue: 1 Pages: 1-7

MACHINES FOR INSPECTION OF PIPES
Tatiana Kelemenová; Peter Frankovský; Ivan Virgala; Ľubica Miková; Michal Kelemen

of Applied Mechanics, Vol. 5, No. 18 (2009), pp. 3436. 2009.
[18] ČEREVKA, T.: ‘Design pressure arm of the pipe
robot for locomotion in the pipe with inside diameter
over 100mm’, In Winter Workshop of Applied
Mechanics 2007: Prague, Czech Republic, February
16, 2007. Prague: CTU, 4 p. 2007.
[19] RUSNÁK, J., ČEREVKA, T.: Real time
measurement of the force generetad in deformed spiral
spring, Acta Mechanica Slovaca, Vol. 12, No. 3-B
(2008), pp. 677-690, 2008.
[20] GMITERKO, A., KELEMEN, M., KELEMENOVÁ,
T., MIKOVÁ, Ľ.: Adaptable Mechatronic Locomotion
System, Acta Mechanica Slovaca. Vol. 14, No. 4
(2010), pp. 102-109. 2010.
[21] VACKOVÁ, M. et all: ‘Intelligent In-pipe Machine
Adjustable to Inner Pipe Diameter‘, In SAMI 2012:
10th IEEE Jubilee International Symposium on
Applied Machine Intelligence and Informatics:
proceedings: Herľany, Slovakia, January 26-28, 2012.
Budapest: IEEE, 2011 pp. 507-513. 2012.
[22] DUCHOŇ, F., HUBINSKÝ, P., HANZEL, J.,
BABINEC, A., TÖLGYESSY, M.: Intelligent
Vehicles as the Robotic Applications, Procedia
Engineering, Volume 48, 2012, Pages 105–114. 2012.
[23] KONIAR, D., HARGAŠ, L., ŠTOFAN, S.:
Segmentation of Motion Regions for Biomechanical
Systems, Procedia Engineering, Volume 48, 2012,
Pages 304–311. 2012.

Review process
Single-blind peer reviewed process by two reviewers.

~7~
Copyright © Acta Mechatronica, www.actamechatronica.eu

ISSN 2453-7306

