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TRACKED ROBOT FOR CLEANING OF PIPE

Urgency of the research. Service robot is as device which is currently used for standard works as cutting the grass or
vacuum cleaning and also teleoperation robot which is remote controlled by human for special tasks as exploring, bomb
removing, rescue action etc. Tendency is substitute human in dangerous or monotonous works via using of robots.

Target setting. Tracked robot is designed for cleaning of pipe, which has inner pipe wall covered by sediments. The ty-
pical example is chimney, where carbon particles cover the pipe wall. Carbon particles can start burning process with result
of total damaging of chimney and also building. Pipe robot can be used as practical aid for cleaning and inspection of pipes.

Actual scientific researches and issues analysis. Other similar task is repairing of damaged inner pipe wall. Robot
which repair pipe from inside pipe saves the costs for site excavation works.

Uninvestigated parts of general matters defining. The questions of the design of pipe repairing robots are uninvestiga-
ted, because the next research will be focused to this.

The research objective. In-pipe robot is as device for locomotion inside pipe with aim to make inspection or cleaning of
inner surface of pipe wall. Tracked robot is designed because of better properties as overcoming of problematic places inside
pipe and also lower normal force between the tracks and inner pipe wall.

The statement of basic materials. Tracked segments are pressed to inner pipe wall and normal force is controlled by controller
on the base of measurement of normal force. Cleaning brush module is connected to robot for dirties removing. CCD camera for
inspection can be also connected to robot.

Conclusions. The cleaning robot is important device for service of pipe systems as prevention of pipe damage of other
negative phenomena. Contribution of this robot is significant, because it saves money and time.
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Introduction. Service robotics are often used for various activities as cutting the grass, vacu-
um cleaning, swimming pool cleaning, mine exploring, mars exploring, bomb destroying etc. It is
activities which are very monotonous, tiring, very difficult or dangerous for human. The main
idea is to help us with hard work. Special case is when robots work in highly dangerous applica-
tion as munition destroying, nuclear power plant, defensive mine countermeasures [1-10].

There are many various application, where is a need of any cleaning and inspection of
pipe wall as prevention of accident with great impacts. The pipe is used for transporting of
any medium inside pipe. The problem is when a sediments occur on inner pipe wall. Also if
pipe is made from a corrosive material, it is necessary to inspect state of inner pipe wall.
Chimney is also as pipe, which has to be cleaned and checked for cracks. Steam generators in
nuclear power plants consist of many pipes, which have to be periodically inspected for micro
cracks as prevention of radioactivity leaks. Heat exchanger also includes bended pipes, which
have tendency to be covered by sediments.

Exploring of these pipes can be executed via using of in-pipe robots (fig. 1). In-pipe robot
is able to locomote inside pipe with any aim.

Fig. 1. In-pipe robots

1. Design of robot concept. Pipe systems also has technological changes of inner pipe diame-

ter and also construction barriers as diameter reduction, elbow, T-joint etc. All these mentioned
factors are as problem for design of in-pipe robots.
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Situation is also complicated when pipe is underground. Using of in-pipe robot decreases
the need of site excavation works, which cause the problems for our streets, for traffic, for
people, for environment etc. So using of in-pipe robots reduces costs for earth works.

The main subject of this paper is pipe cleaning robot for inner pipe diameter in range from
130mm up to 200mm. The main concept of robot is shown on (fig. 2). The concept proposes
the adjustable in-pipe robot, which is able to adapt to inner pipe diameter for optimal locomo-
tion inside pipe. Robot is loaded with own weight. Normal force between the wheels and in-
ner pipe wall should be controlled for achieving of optimal tracking velocity and force. If
normal force is low, then friction force is low and wheels slipping occur and also completely
falling down of robot can occurs. When normal force is too large, then friction force is very
large and robot is blocked and it cannot locomote inside pipe.
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Fig. 2. Concept of wheeled in-pipe robot:
1 —robot body; 2 — adjusting mechanism; 3 — wheels
Increasing of normal force can damage inner pipe wall, because contact area is too small. This
problem can be solved via using of tracked in-pipe robot (fig. 3). Tracked segments have bigger
contact area and local stress on inner pipe wall will be less and it reduces risk of pipe damage.
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Fig. 3. Concept of tracked in-pipe robot:
1 - robot body, 2 — adjusting mechanism; 3 — tracks

Tracked concept (fig. 3) has been selected, because of mentioned reasons. Figure 3 shows
concept only with two arms pressed against the wall. For higher stability is better to design
three arms (fig. 4). If angle between arms is 120°, then forces between pipe wall and arms are
the same. It is result from static force analysis.

—R, - c0s30° + R3 - cos30° =0
—R, +2-R,-5s5in30°=0 (1)
Result from this set of equation is:
Ry =R; =Rs (2)
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It means that in every case these forces are in balance and this concept is self-centered in-
side pipe defined with contact points on inner pipe wall.

Fig. 4. Arrangement of tracked arms on robot body

2. Kinematic of robot arms. The main requirement is that normal force on pipe wall
should be adequate. Second point is need of adjustability to inner pipe diameter. Parallelo-
gram mechanism has been selected for design of arms on robot body. The proposed mecha-
nism is able to adapt to inner pipe diameter in range from 120 mm up to 200 mm.
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Fig. 5. Kinematic of arms on robot body:
1-robot body; 2, 3 — sliding body; 4, 5, 6 — parallelogram arms;
7 —spring; 8 — tracked segment; 9 — sliding guide
The proposed kinematic (fig. 5) works as follow. Sliding guide (9) is fixed to robot body
(1) and sliding bodies (2) and (3) are able to move on this guide. Moving of sliding bodies (2)
and (3) cause the movement of arms (4), (5) and (6). Sliding bodies are connected with spring
(7), which can compensate the irregularities on inner pipe wall.
Basic dimensions of mechanism is shown on figure 6.

Fig. 6. Basic dimensions of mechanism
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Functionality of proposed mechanism is based on fact that arms (4) and (5) on figure 5 are
equal. For obtaining of right position of centre of gravity is proposed that members a = b = ¢
(fig. 6).
If robot locomotes to the up, then the requirement is that friction force between tracks and
pipe wall should be higher than gravity. In other case robot will fall down.
F,>G 3)
3. Design of parallelogram arms. Parallelogram mechanism (fig.7) consists of several
parts. It is used for change of displacement of track segments and also change of normal force
between the track segments and inner pipe wall. Short arm (1) is connected by joint to basic
frame (3). Guiding slide rods (4) are also connected to basic frame (3). Sliding members (6)
and (8) can move on sliding rods (4). Sliding members (6) and (8) are placed on thin pipe (7)
which can move on screw rod (2). Member (6) has inner thread which interacts with screw
rod (2). Rotating of screw rod (2) causes the moving of the member (6) together with member
(8). End of slide rods (4) are fixed on flange (9). Arms (5) are connected via joint to the
members (6) and (8). Consequently, rotating of screw rod (2) causes the moving of the arms
(5) and desired displacement of track segment.

Fig. 7. Parallelogram mechanism

Track segment (fig. 8) is contact system between robot body and inner pipe wall. Plates
(1) and (3) together with adjusting screw (2) compose the setting up mechanism for adjusting
of distance between axes of track wheels (4).

Fig. 8. Track segment

58



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES

Servomotors are used as drive unit for adjusting of parallelogram and also as drive for
tracked segments. The robot also can carry the cleaning brush (fig. 9) for cleaning of inner
pipe wall. It is connected on the end of flange. This brush also helps to improve the stability
inside pipe. This cleaning module can be dismounted and camera module can be placed on the
flange. The robot also includes sensors for detection of inner pipe wall and also collision sen-
sors and sensors for detection of normal force between the pipe wall and track segments.

Fig. 9. Cleaning brush and camera module

4. Overall composition of pipe robot. Completed robot can consist of two or more seg-
ments with adjustable track segment as it shown on fig. 10. Connecting of more modules en-
sures the better overcoming of T-joint and other obstacles inside pipe.

Fig. 10. Composition of robot
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5. Final robot realization. Robot is controlled as teleoperation system but it has also au-
tomatic function as overcoming of T-joint, self-protection against the falling down, automatic
adjusting of normal force on inner pipe wall, etc.

Conclusion. Proposed robot has important role for chimney sweeper as assistive device
for cleaning and also inspection. The main contribution is lied on fact that it is applicable
from service door entry on chimney and human doesn’t need to go on house-top. This is a
typical example where robot helps to make dangerous work instead of human. Human became
as application technician [11-16].
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Mixan Kenemen, Jlykaw Boban
I'YCEHUYHUM POBOT JJIS1 OYUIIIEHHS TPYB

Axmyanvuicms memu oocnioxncennsn. Cnysc6o8uii pooom — ye makuii RPUCMPpItl, AKUL 8 OGHULL 4ac 3aCMOCO8YEMbC AK O
CMAaHOapmMHUXx pobim, Maxux sx niOCmpueaHHs mpasu abo 8aKyyMHe OYULEHHS, MAK | 8 AKOCHI MeNeonepayiiino2o poboma, o
OUCMAHYIUHO KepyEMbCS TIOOUHOIO OJis BUKOHAHHS CReYIATbHUX 3a80aHb, 30KPeMA, OOCTIONCEHH S, SHEUKOOIICEeHH OOMO, pAmy6a-
JbHI i mowjo. 3adyMom € 3amina 0OUHU Y Hebe3neyHUx abo MOHOMOHHUX podomax Yepe3 UKopucmanHs poboma.

Ilocmanogxa npoonemu. I'ycenuunuii pobom npusnauenuii O ovuweHHs mpyou, aKka Mae NOKpUmy ocadamu GHympi-
wiHio cminky. Tunosuil npuknad — oumoxio, 0e 4acmuHKu 8y2iieylo NOKpueaioms Cminky mpyou. Yacmunku yeneyio mo-
JAUCYMb CNPULUHUMU NPOYeC 20PIHHA PA30M i3 HOBHUM NOWKOOINCEHHAM OUMOX00Y, a makodic 6ydieni 3azanom. Tpyonuil po-
60m modice bymu 8uKOpUCmaHuil AK RPAKMudHUil 3aci6 01 o4uweHHs ma o2isady mpyo.

Ananiz ocmannix 0ocnioxycens i nyonikayii. Inuwum nooibHuM 3a80aHHAM € PEMOHM NOWKOOHCEHOT 6HYMPIUHBLOT CIIHKU
mpybu. Pobom, sixuii pemonniye mpy6y 3cepeduni, eKOHOMUMb GUIMPAMU HA NPOBEOeHH s pOOIM NO GUKONYBAHHIO MALOAHYUKA.

Buoinenns nedocniocenux uacmun 3a2anonoi npoonemu. Ilumanns npoekmysaniss pooomia 3 peMoHmy 3aIUUacmy-
€51 HeBUBYEHUM, MOMY HACHYNHe 00CTiOdcen s 6y0e 30CepeOdIceHo came Ha YbOoMY.

ITocmanosxa 3aedanns. Pobom-ouuchux mpyo € npucmpoem 0ns nepemiuyerHs cepeouti mpyou 3 Memoro 02nsa0y abo ouu-
WeHHs1 GHYMPIWIHLOI noeepxHi cminku mpyou. I ycenuunuti pobom po3pobaeHuil 3a805KU Kpawum 1acmusoCcmam, OCKiIbKU 00nae
npobnemui micys 6cepeduni mpyou, a MmaKoC 3HUIHCYE HOPMATLHY CUTY MIdIC OOPIdICKaMu Ma GHYMPIUHBOIO CIHKOIO mpyou.

Buknao ocnoenozo mamepiany. I'ycenuuni ceemenmu Rpumuckaromscs 00 8HympiuwHboi Cminku mpyou, a cuia Konm-
POTIOEMBCST KOHMPONEPOM HA OCHOBI BUMIPIOBAHL HOPMANbHOI cunu. Mooy wimku Ons yuwenHs niokuodeHull 0o poboma
ona euoanenns 6pyoy. ns o2nady 0o poboma mooucua maxodic niokmowamu CCD-xamepy.

Bucnogxu 6ionosiono 0o cmammi. Ouucnuii pobom € 8adcIusuUM NPUCMPOEM Ol 0OCTY208Y8AHHS MPYOHUX cucmem
014 3ano0ieants NOWKOOJICEHHIO mpyo HWUMU Hecamugnumu Aguujamu. Buecox yvboco poboma ¢ 6azomum, ocKinbku 6iH
exoHoMumy inancu ma uac.

Kntouosi cnosa: mobinbruii pobom,; nepemiwyenus; mpyoa, ouuyeHHs,; napaneiospam, OUMoxio.
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