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Abstract: The bristled pipe robot moving in the pipe on th@gple of friction difference is intended for lamotion in
the pipe using the friction difference between thistles and the pipe's inner wall. The robot cstssiof an
electromagnetic linear actuator, on the frame dtlvkhe rear bristle block is attached and omitersion rod, the front
bristle block is placed. The bristle blocks conttiree bristle carriers and clamps. The bristlestlae contact elements
between the robot and the pipe's inner wall. Thengery of the bristles can be adjusted using thiestdg elements.
The bristles are mounted on the robot so thatpha sf their free ends is greater than the inrendter of the pipe, thus
creating the desired normal and frictional forceneen the pipe wall and the bristle ends. Thelbesire mounted at a
mounting angle concerning the robot axis, thustorga difference in friction between the pipe watld the bristles as
they move back and forth, resulting in a forwardvemaent of the robot.

1 Introduction Pipe robot move in the pipeline, and their taskastly

If we imagine a vehicle moving on a solid surfanest  inspection work, repair of the pipeline or instatia of
of us imagine a kind of "monster" with wheels. Hoee cables in the pipeline, or other special tasks.hWite
it is not just the wheels that move the world, andome decreasing inner diameter of the pipe, wheel sjppa
situations, the wheels cannot cope, and what venafee becomes a serious problem, especially in the cedity
on snowy and icy roads will happen. ThereforeRIPes. o _ _
unconventional types of contact elements between th Instead of wheels, it is possible to use, e.g.tlesis
moving means and the surface are increasingly (gesl. Then we are talking about a bristled in-pipe roffigt 1).
vast majority of them are inspired by biologicattpens. ~ This article deals with the application of bristieshe role

All we need is a look at the fascinating movemehao Of supporting elements for pipe robot. Bristleslaeading
spider, caterpillar or cockroach, etc. springs that are embedded at one end. Bristlesfter
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used in common practice, e.g. for sealing the hgari  The speeds; andv. represent the bristle ends of the
spaces of rotating parts, which are exposed tceer front and rear bristle blocks.

conditions (high pressure and temperature, thespoesof The total work done by robot W is determined by (3)
aggressive substances, etc.) [1-21].

W =W, +W,, 3)
Where the work done by the front bristle block ba t
iinner wall of the robot is (4):

2 Robot motion analysis

In the case of the solved in-pipe robot, the letstire
mounted on two modules around the circumferencéewh
they are positioned diagonally (obliquely) with pest to t t, P
the axis of the robot and the pipe. A suitable aitiuis to W, = INoﬂzvldt_I N 24, v, dlt + I N ,vdt  (4)
achieve a cyclic change in the distance betweesethe T

T

4 t

bristle modules and, due to the existence of didric 4
difference between the bristle and the inner pigt a&s the And the work done by the robot's rear bristle blook
bristle moves back and forth, the entire robot nsovdéhe the inner wall is (5):
choice of the use of diagonal bristles (fig. 1)ulessfrom T
the experience in solving pipe robot within thevedl 4
research tasks. The problem is to design the ésisth that Wy, = .[Noﬂgvzdt (5)
the movement of the robot is as efficient as pdssib T
4
_PiBe 4 nioaded ‘ The external work of the robot is defined by the
A i relationship (6):
@ FLvVT
3 ” — 3 % _ s
S §| ]] Robot body _ x5 We = 2 (©)
g E 2o
s 53 WhereF is the traction force that can be derived from
»wa this relationship.
The steady speed of the robot can then be denivie i
form of (7):
8 F
/7{2(#1 - 'UZ)_N}
v, = W, (7)

Mgty + p1y)

The pipe robot is designed for movement inside the
pipeline for the purpose of inspection or repaidamaged
1 - actuator; 2 - front bristle block; 3 - reardtié block; 4 - bristles; 5 - p|pg||ne or Tor .the purp‘_’se .Of transpprtlng Camemher

screw for fixing the bristle block; 6 - pipe equipment inside the pipeline. Existing solutiorssially
Figure 1 The principle of locomotion of a pipe robo use the wheeled principle of movement in the pigelbut
this principle of motion is ineffective if the innavall of

To derive the mean speed of Merobot, it is possible the pipeline is covered with dirt and deposits. Shbject
to use the extended Hamiltonian principle for syeadof this work is a robot that allows movement in pliygeline
oscillation of the actuator. A representation offilton's by means of bristles, which are contact elementls thie
principle is that the robot moves to minimize theemll wall of the pipeline and allow movement even alding
work done by the robot. This work includéfy work done  dirty wall of the pipeline.
on the inner wall of the pipeline and exter& work. If

we assume that the actuator will perform harmoni8  The principle of the robot's function

movements, then the speed of movement of the est The robot is designed to move inside the pipeliine

in the direction of the robot's movement is appr@ately  contact elements of the robot are three bristleseul

described by (1), (2): evenly around the perimeter of the robot in twockko-

vV, =V, v, (a))cos(wt) (1) front and rear block. The bristles are attachetthé¢orobot

_ so that the span of their free ends is larger tharinner

Vo =Vs ™V (a))COS(CUt) &) diameter of the pipe, and thus when the robotssried
Where: into the pipe, the bristles are deformed and a abrm

w - angular velocity of the actuator, contact force and frictional force is created betw¢he

Vs - steady speed actuator. robot and the inner wall of the pipe (fig. 1). Thréstles are

held at a mounting angle with respect to the akithe
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robot, so that when the bristles move, there idfardnce
in frictional force. This means that the frictioorde
between the bristle and the pipe wall is less whering
in the direction of the bristle bevel than when ingvin
the direction against the bristle bevel (fig. 1, 2)

Figure 3 Pipe robot in the pipeline

4 Realisation of a pipeline robot

The robot comprises an electromagnetic linear &mtua
(1) for creating a linear reciprocating motion (#9. A rear
bristle block (3) is attached to the frame of tireedr
electromagnetic actuator (1).

Figure 2 Pipe robot arrangement with adjustablesbgs

The rear bristle block is attached to the framahef
linear electromagnetic actuator coil. The fronsthe block |
is attached to the extension rod of the linear
electromagnetic actuator. Activation of the linear ,‘—‘P’::

electromagnetic actuator cyclically extends anchots the

extension rod, thus creating a change in the velati Figure 4 Electromagnetic linear actuator
position of the front and rear bristle blocks. Tierence

in the frictional force of the bristles will caude robot to The front bristle block (2) is attached to the agien
move forward (fig. 2). rod (9) of the electromagnetic linear actuator ({ig. 5).

The essence of the robot is that the friction diffice  The front bristle block (2) and the rear bristledi (3) are
between the bristles and the inner wall of the Bpased identical.
to create a movement of the robot in the pipe. The bristle block (2, 3) comprises three bristlgiess
The advantage of this piping robot solution is titat (4), in which bristle clamps (6) with inserted tigs (5) are
allows movement even in piping that is dirty andteins inserted. The bristle clamp (6) allows you to atjine
deposits. length of the free end of the bristle (5) and theunting
Another advantage is that the robot allows to ddies angle of the bristle (5). The carriers (4) areefastl with
geometry of the bristles - the length of the beistiscrews (7) for fastening the bristle carrier to thistle
attachment, the mounting angle of the bristles #md block (2, 3) (fig. 6, 7).
distance of the bristle attachment from the axibefrobot.
By optimally adjusting the geometry of the brisflésis ‘
possible to achieve that the return movement obtistles

is minimal and thus it is possible to achieve the
phenomenon of self-locking of the return moveménhe E

robot, thus increasing the efficiency of the ralpalvement
in the pipeline (fig. 3).

Figure 5 Bristle block
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1 - Electromagnetic linear actuator; 2 - Frontttgiblock; 3 - Rear
bristle block; 4 - Bristle carrier; 5 - Bristles;@ristle clamp; 7 - Screw
for attaching the bristle carrier to the bristledk; 8 - Spacers for
adjusting the distance of the bristle from the ttadads; 9 - Linear
actuator extension rod; 10 - Actuator stroke adjestt nut; 11 - Nuts
for securing the front bristle block to the actuagtension rod; 12 -
Actuator hanging eye; 13 - Piping

Figure 7 Pipe robot components

Under each bristle carrier (4), spacers (8) arerted
to adjust the distance of the bristle (5) from alxes of the
robot. To adjust the stroke of the linear electrgnsic
actuator (1), nuts (10) for adjusting the stroke tloé

Linear motor Adjusting
mechanism

The overall dimensions of the prototype (fig. 8 ab
mm in diameter and 80 mm in length. The robot wated
for pipes with an inner diameter of 35 mm. In thigeline,
the robot reached a maximum speed of 50 mm / mih. B
this is still the subject of further research ie fluture to
find the optimal geometry to achieve the maximureesp
and traction of the robot.

5 Conclusion

The application of bristles in the role of suppagti
elements for a pipe robot brings with it a numbér o
advantages in the form of elimination of slippagetie
contaminated inner surface of the pipe and better

actuator are arranged on the extension rod (9)hef tadaptation due to geometric deviations in the sizd

actuator. The front bristle block (2) is attachedthe
extension rod (9) of the linear electromagneticiaidr by
means of nuts (11) for holding the front block. Th&ot
moves in the pipe (13) by cyclically changing thelee of
the actuator, using the difference of friction betw the
bristles (5) and the wall of the pipe (13). On éx¢ension

shape of the pipe. Their application is especiatiyortant
for pipes with a small inner diameter (less tham@®).
This work was focused on the design of a mechatroni
system for a specified purpose, and other work&roan
from practice, where a similar methodology is foléml
[22-33].

rod (9) of the electromagnetic linear actuator (1),

suspension eyes (12) are attached for attachingutuze
wire (fig. 7, 8).
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