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Abstract: The wheeled in-pipe robot with automatic adjustnaghe wheel span according to the diameter optpeline

is intended for movement in pipelines. This rolmmiudes a mechanism for adapting the width of theeis according
to the inner diameter of the pipe. The developetiananodule can be used multiple times and thuiizeea robot with
a larger number of modules to achieve greateridraébrce.

1 Introduction auxiliary guide rods, which is connected to theleslby

The wheeled inpipe robot is intended for movemerPrings. The main arms of the driving wheels atzched
inside the pipeline for the purpose of inspectiomepair t0 the drive wheel carrier by a rotary joint, thevement
of damaged pipelines or for the purpose of trartsmpr Of which is tied to the main body of the robot et
cables or other equipment inside the pipe“ne tE'pgs auxiliary arms. At the end of the main arms of thive
solutions mostly use the wheel principle of movenian Wheels, the drive wheels are mounted on a drivét glith
the pipeline, but the problem with these deviceisastheir @ bevel gear, with the help of which the torquenfrthe
use is problematic if there are dirt, deposits,nges in Servo drive of the drive wheels is transmitted. Tdler
diameter or other obstacles in the pipeline, faaneple ~carrier is mounted on the auxiliary guide rodscitéal to
associated with the technology of the production dhe slide with the movement nut. The idler armshwite
pipeline networks such as CoupiingS’ erOWS, Te.c@i attached idler wheels are attached to the |d|aﬂmdoy
reductions, etc. [1-7]. rotary joints. The drive and idler wheels are catee by

The robot enables movement in the pipeline with thgonnecting rods. Three such groups of mechanisms fo
help of wheels, the span of which can be adjustédich wheel adjustment are attached to the devibhw
according to the current value of the diameter haf t are evenly distributed around the perimeter otindce at
pipe|ine’ and it is also possib|e to adiust thentedr an angle of 120°. Between the slide and the dritieal

pressing force of the wheels on the pipeline wathst the ~carrier is a position sensor composed of a perntanen
wheels of the device inside the pipeline do ngp sii Magnet and a sensor sensitive to the magnetic fiélis

collide. position sensor detects the deformation of thengpri
located between the slide and the drive wheelerafThis
2 Principle of therobot drive module deformation of the spring is caused by a changthén

The robot (Figure 1) is designed to move inside t
pipeline with the possibility of automatic adjustmef the
width of the robot's wheels according to the ingérn
diameter of the pipeline.

For its movement in the pipeline, the robot useset
groups of wheels evenly distributed around thenpeter
of the device on a retractable mechanism, whichhzn
used to change the width of the wheels, that ésgibtance
of the wheels from the axis of the device. Betwibermain
body and the fixing body, three guide rods arechtd,
along which the slide moves with the movement ma a
the guide screw located in the middle of the guatts. In
the main body, the servo drive of the guide screw
located, which turns the movement screw and tHosval
the slide to change its position. The drive whestier
moves on the guide rods, which is connected tslitie by
means of a spring. The idler wheel carrier is plawe the

H§ternal diameter of the pipe and thus an increased
ecreased normal pressure force of the wheels.

The principle of operation of the drive module bét
robot consists in the fact that the information w@bihe
p hormal pressure force of the wheels on the pipd wal
obtained from the position sensor is used in tmgrobunit
to automatically adjust the slide using the semioecbf the
lead screw, and thus the span of the wheels will be
adjusted, that is, the distance between the driwnd
driven wheels in a direction perpendicular to the pvall.

The advantage of this principle is that there is an
automatic setting of the normal pressure force taf t
i/vheels on the pipe wall, and thus the wheels of the
invention do not slip or get in the way of the pipeom the
principle of equality of forces, it follows that thi this
arrangement of groups of wheels at an angle of 4&fiind
the perimeter of the device, there is an autontatitering
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of the wheels with respect to the wall of the pgmel an
even distribution of normal pressure forces ondale
wheels. Several such drive modules can then beecteuh
behind each other using joints or connecting spritm
create a modular robot with the ability to traveesen
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limit, then the control unit will adjust the whespan to a
new value using the servo drive of the adjustimrgwgcso
that the movement of the equipment in the pipéfisent.

The robot (Figure 1) includes a main body (1) and a
mounting body (2), between which guide rods (3) are

complicated pipe networks containing elbows, T-pg&ec attached. The slide with the movement nut (4) maversg

and branches. Another advantage of the robot tswita
this arrangement it is possible to change the widtthe

the guide rods (3) with the help of the movementhef
guide screw (5) driven by the servo drive (11). Thiee

wheels to a large extent in relation to the overalwheel carrier (7) also moves along the guide radd,the

dimensions of the device. Another advantage isttiee
is a spring between the slide and the drive wheseier and

idler wheel carrier (6) moves along the auxilianyidg
rods. There is a spring (10) between the slidea(d) the

the idler wheel carrier, which also enables passiwdrive wheel carrier (7), and the springs (9) areated

compensation of pipe unevenness.
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1 — The main body of the robot; 2 — Fixing body; Guide rod; 4 —
Slide with movement nut; 5 — Guide screw; 6 — Filees¥ carrier; 7 —
Drive wheel carrier; 8 — Auxiliary guide rod; 9 -uRiliary guide rod
spring; 10 — Guide screw spring; 11 — Servo drif/the guide screw; 12
— Main drive wheel arm; 13 — Auxiliary drive wheein; 14 — Arm of
idle wheels; 15 — Connecting rod; 16 — Drive whé&&l- Freewheel; 18
— Drive wheel servo drive; 19 — Drive shaft withvbegear; 20 —
Position sensor; 21 — Permanent magnet; 22 — Rge23 — Connecting
springs.
Figure 1 Overall layout of the wheeled inpipe robot with
automatic wheel span adjustment according to the pipe diameter

However, if the degree of unevenness of the piftheor
change of the diameter of the pipe exceeds a nesti

between the slide (4) and the idler wheel cargr The
main arms of the driving wheels (12) are attaclethé
carrier of the driving wheels (7) by means of argjoint,
and they are connected to the main body of thet (d)dy
means of the auxiliary arms of the driving whe&)(On
the main arms of the driving wheels (12) there dsiging
shaft and bevel gear (19) which is connected tcsémeo
drive (18). The freewheel arms (14) are attachethé¢o
freewheel carrier (6) by means of a rotary joiniv® and
wheels (16) and idler wheels (17) are connectetbtary
joints using a connecting rod (15). On the mainyb(ig
there are three such mechanisms consisting of @243,
14), connecting rods (15), drive wheels (16), iditeels
(17), drive wheel servo drive (18) and a drive shath a
conical gears (19). A position sensor (20) serssitivthe
magnetic field is located on the drive wheel carfi® and

a permanent magnet (21) is located on the slideDiye
wheels (16) and idler wheels (17) are in contath \he
pipe wall (22). The device according to the proplose
solution can be connected modularly with other such
devices by means of connecting springs (23) and thu
create a device with a higher traction force andewi
application possibilities.

3 Kinematics of therobot drive module

The kinematics of the robot should ensure the abang
of wheel span so that it is possible to changeptisition
of the wheels as needed (Figure 2).

Members 1 and 2 are firmly connected. Member 3
slides over member 2, which changes the lift hedgihe
arm formed by 4, 5 and the pressure wheel. Inthig the
arms are able to adapt to a relatively large rafgeipe
diameters.

The main disadvantage of this solution is that in
position |. for the smallest diameter of the pifhes entire
mechanism of the arms moves backwards and thusredso
wheel, which moves the entire center of gravityttod
inpipe robot significantly forward. Also, the diste
between the point of contact of the wheel withghee and
the origin of the inpipe robot will increase toaade value
in proportion to the diameter of the pipe. As aulgst
would be impossible for the robot to pass through t
curved pipe. For these reasons, it is more ap@tEptd
choose the design in Figure 3.
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) m The problem with this solution arises when the pipe
> diameter changes (Figure 5). If the diameter of gipe
/ decreases, the front pressure wheels copy the ehang
A G S A S A diameter and the entire structure shrinks. In tay, the
/ J«" . rear wheels cannot copy the wall of the pipe, which
(5" 1 . .
o \ v behind the front wheels of a larger diameter.
7 i ﬁ/ P When expanding, the opposite situation occurs haed t
;f' 4 >\ - ) front wheels cannot copy the pipe wall.
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1 — basic member, which is immovable; 2 — membewloich
member no. 3; 3 — sliding member; 4, 5 — arm elesyén—
pressure wheel; I, II., lll. — positions of thgipe robot in its
working range
Figure 2 Design of the basic kinematics of the inpiperobot -
variant 1

1- ba3|c member which is immovable; 2 — member on
which member no. 3; 3' — member 3 extended andemgpted
with a pin for arm 9; 4, 5 — arm elements; 6 — gues wheel; 7
— rear pressure wheel; 8 — connecting arm; 9 {megsure arm

Figure 4 Design of the basic kinematics of the inpiperobot -

/ variant 3
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Figure 5 Changing the pipe diameter
. < ks
1 — basic member, which is immovable; 2 — membewkich From the above, it follows that with any changehia
member no. 3; 3 — sliding member; 4, 5 —arm elésén-  giameter of the pipe, not all pressure wheels béilin
pressure wheel; I, II., lll. — positions of thgipe robot in its contact with the pipe.

Figure3 Des'gnofthevt\)lgélf:lrlllgnre?:\;gt]iisoftheinpiperobot- By dividing the part 3' (Figure 4) into two segar
variant 2 parts 3 and 10, which will be connected by a fllexib
member 11 (e.g. a spring), this problem is elinddat

(Figure 6). The part 10 is pressed and pushed awalye

The position of the wheels relative to the origfrite J ,
spring 11 from the member 3, thereby adaptingastiape

inpipe robot does not change to the same exteint te

previous design. With a suitably chosen lengtimoiathis  ©f the pipe.
distance does not change at all.

By moving member 3, the center of gravity moves i g7 7 7Z 7 AN e Rzzrrrrrrrra
the direction of its displacement. Assuming thaé th | \ , :. SR |
member is several times smaller (has a lower wethhan | S '
member 1 and the proposed drive for moving member | & \‘ "'x
will be located in the front part, the change ia fosition _'_l L__:_: M_?‘__],_ 0 L ,___,[ Ay
of the center of gravity in this case is smallartlin the A
first case. pipe expansion pipe narcwing

With this design, in the case of horizontal moeem Figure 6 Adaptation to change in pipe diameter
of the inpipe robot relative to the earth's surfate to the
influence of gravity and the uneven distributiorn@fights In this design, two pressure wheels are used with a

to the right and left of the pressure wheels, tt@ppsed average distandefrom each other (Figure 7, Figure 8).
robot would tip over, i.e. fall. By designing anetfrio of

wheels connected by arms to the original wheels, th

problem is eliminated (Figure 4).
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[ § The idler wheel (Figure 10) is designed to stabitize

' robot when moving in the pipeline. It is mounted &n
sliding bearing and carries part of the load causethe
normal force on the pipe wall. The normal forcelmpipe
wall is necessary to ensure sufficient contacttierrobot
to be able to move even in a vertical pipe.

Figure 8 Detail of the contact of the pressurewheel withthe 1 — Sliding bearing; 2 — screw; 3 —nut, 4, 7,/9af, 5 -
pipewall idle wheel; 6 — connecting arm; 8 — arm

Figure 10 Construction of the idle whed

4 Design of therobot mechanism . .
The design of the structure of the robot arm meishan 5 Adaptablewheel adjustment mechanism

is created according to kinematic variant 3 (FigtreThe The opening of the arms of the inpipe robot is eztsu
wheels are housed in sliding bearings with diredy the movement of member 3 (Figure 11). The moveme
transmission using a bevel gear (Figure 9). TheebePf this member can be ensured by using a threauted r
wheel 9 (Figure 7) is pressed onto the shaft 8. Sliding Iocat.ed in the axis of the pipe stand. This roﬂlmed_m
bearing also serves as a pin which is pressedtietarm bearings at both ends and passes through the faice 3
6. The arm 5 rotates freely around this pin (7)e Briven which there is a thread. The rotary movement of the
wheel is slid onto the shaft and secured with & teasher threaded rod causes the movement of member 3 asd th
and nut. Sliding bearing 7 is designed from a brass also the opening and closing of the arms of thpapbot.

blank of intermediate cross-section, due to therable Du€ to the ability to adapt to the change in theepi
coefficient of friction between steel and brass. diameter of the front and at the same time thewdeels,

the threaded rod passes through part 4 freely,dsges not
affect its position.

The guidance of member 3 and 4 is secured by gcgdan
formed by 3 rods of circular diameter 6. By usingusde
rods, rotation of member 3 relative to member & plane
perpendicular to the direction of movement of thgipe
robot is prevented. This also prevents twisting thud
shoulders.

The guide rods 6 are firmly attached by means of
screws in members 1 and 2 (Figure 11). Member 2 can
freely pass through member 5, which shortened dted t
length of the inpipe robot compared to the solutibn
member 5 abutted member 2. In this case, membleut2 a
up to member 3. The extreme positions are equipgd
rubber stops 11.

Adaptation of the robot in the pipeline is ensubsd
1 —nut; 2 — flexible mat: 4, 10, 11 — mat; 3 -veri wheel; 5— force control using a spring and servo drive system
connecting arm; 6 — shoulder; 7 — sliding bearthg;shaft; 9— The adaptation of the in-pipe robot to the innefame of

. bevel wheel the pipe is a key function in terms of ensuring the
Figure 9 Construction of the driven wheel movement of the robot in the pipe, especially winewing
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in a vertical pipe, where it is also necessarywercome
the weight of the robot. The pressure of the wheelthe
pipe wall creates the necessary friction force ketwthe
wheels and the pipe wall. Since the internal dirioerssof
the pipe are not the same and, in addition, therealso
technological residues after joining the pipe ipsid is
also important to ensure the adaptability of thbots
wheels.

Figure 11 Adaptable whed adjustment mechanism

6 Concluson

In this article, an inpipe robot was designed, Whic
able to move in pipes with an internal diametemfro
100mm to 200mm. It has the ability to adapt todherent
internal diameter in order to ensure sufficienttin force
and speed of movement of the robot. The robotiéhoed
for service activities such as pipe inspection iauair.

The design of such devices that are used in cahfine
spaces requires a comprehensive approach in thgnhags
the concept of this device, and the design of mecka
electronics and controls for the proposed devicstrba
created at the same time [8-19].
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