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Abstract: The paper deals with robot, which locomotes inside chimney for cleaning and
inspection purposes. Carbon particles are in sediments on inner chimney wall. Chimney
has to be periodically cleaned and inspected because of fire risk. Paper introduces concept
of service robot for this application. Tracked locomotion has been selected as principle of
locomotion inside chimney.
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1. Introduction

The aim of the paper is to design concept of robot for cleaning and inspection
of chimney. Chimney is for offtake of exhaust gas from combustion process inside
heater device like fireplace, fire oven or fire heating boiler. Normally, cleaning and
inspection of chimney are executed by chimney sweeper manually on house-top.
Chimney sweeper has to climb on house-top and there is a dangerous of side-slip
and falling-down accident during the work. Using of the robot eliminates this risk.
Inspection can be executed through the service door placed inside house. Chimney
sweeper will only sit and control of robot through the joystick on operator panel
and check it on LCD screen. Inspection process is sensed via using of CCD camera
and it can be stored in video file as documentation from service work. Heater
device is connected to the chimney through the T-joint, which can be as problem
for robot locomotion inside chimney [1-7].

The robot should be used as teleoperation system with some automatic functions.
Requirements can be summarized as follow:
v robot has to locomote through the T-joint inside chimney,
v robot has to adapt to inner diameter of chimney and adjust normal force between the locomotion segment and inner
pipe wal]
v robot has to detect end of the chimney and stop locomotion,
v robot has to be unlocked in case of failure for ease pulling out,
v robot has to have any system for damage protection during the falling down in case of failure.

2. Principle of the proposed robot

Robot will consist of minimum of two modules and every module will have three
tracked segments arranged at 120° around the robot body. Tracked modules are
connected to robot frame through the spring joint. Spring is used as vibration
damper. The proposed robot has to overcome T-joint and also cross-section with
non-constant inner diameter and also technological scraps (glue and cement).
Design of robot is planned for own weight, traction force (applied to cleaner brush)
and this loading will be assumed for obtaining of desired friction forces between
the tracks and inner chimney wall. Traction force is identified from experiments and
weight is estimated on the base of preliminary robot design.
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Tracked segment (fig. 1) has been designed.
The segment includes also DC motor with
gearing and conical gearing. Frame consist of thin
aluminium sheets and also tightening mechanism
for preloading of track. DC motor has 10 times
bigger torque than required moment, because it
is necessary to have reserve of power for variable
diameter and obstacles inside chimney. The driven
shaft is checked via using of FEM (finite element
method). Stress and deformation in shaft are less
then limit values.
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Fig. 1: Tracked segment for robot.
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Fig. 2: Displacement and stress on driven shaft of tracked segment.
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3. Geometry of proposed robot undercarriage
Every tracked segment should be pressed to inner
chimney wall because of required friction force and
normal force between track and inner chimney wall.
For ensuring of stability, the double parallelogram is
designed for carrying of tracked segment (fig. 3).
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Fig. 3: Tracked segment geometry.

The task to design robot for locomotion inside
chimney is complicated, because there is only
limited space defined with inner chimney diameter.
The robot has to develop sufficient normal force
which is necessary for stabile locomotion. Range of
spring deformation is designed for ability to adapt to
inner dimension in range from 120 mm to 200 mm.
Ideal solution is modified parallelogram with four
springs. This concept allows to overcome obstacles
inside chimney.

Fig. 4: frame with tracked segment on two parallelograms.



The model of the one part of parallelogram is
tested for loading inside chimney via using of finite
element method (fig. 5). Results on figure 5 shows
that designed concept is sufficient.

von Hises (i)

Fig. 5: Simulation of loading of one part of parallelogram (stresses
and displacements).

4, Cleaning module design
Cleaning process module (fig 6) is connected
to main robot body. The shape is designed for
collection of dust from inside chimney wall. This
module is only for diameter in range from 120
mm to 150 mm. For other diameters chimney is

Fig. 6: Cleaning module.

necessary to make another pieces, which will be
selected in accordance with cleaned chimney.
Brush located on the module rotates around the
main axis and it is driven with small DC motor
with gearing (fig. 6). This module is located at the
bottom on robot body (fig. 7).

5. Overall concept of the robot
Figure 7 shows completed model of the robot
concept. Camera module is located on the front of
robot. Robot consist of two modules with tracks,
but it is possible to add another pieces of tracked
module for obtaining of higher traction force.

Fig. 7: Completed robot for cleaning and inspection of the chimney.
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6. Conclusions

The proposed concept is designed as modular
system, which is selectable depending on cleaned
chimney. Energy to robot is transferred by wires
drawn inside chimney. The main contribution
is that robot substitutes the manually cleaning
executed by chimney sweeper. If chimney is very
long, then it significant proposition, because it
reduces risk of any accident on the house top.
Mechatronics and robotics seems to be as aid for
human in dangerous and complicated works [8-
19].
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