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Abstract— project aims to create an
autonomous robot used for in-pipe inspection.
The mechanism used involves a central rod
upon which a translational element is fitted
which in turn is connected to three frames of
links and wheels. DC motors are attached to
the wheels to achieve the drive required. The
mechanism allows for small accommodation
in pipe diameters. An electronic circuit
consisting of three relay switches is used to
control the entire circuitry of DC motors,
camera and translational element. The
camera is mounted on the top of the assembly,
which in itself can be rotated thus giving a
wide field of view in the pipe. The robot allows
for detection of cracks, buckle, corrosions,
pitting and many others.

Index Terms— DC motor, defects, In-pipe
inspection, links, Robot.

I. INTRODUCTION

Pipelines are proven to be the safest way to
transport and distribute gases and liquids.
Periodic inspection is required to maintain that
status. Pipeline systems deteriorate progressively
over time through various means. Robotics is one
of the fastest growing engineering fields of
today. Robots are designed to remove the human
factor from labour intensive or dangerous work
environments and also to act in inaccessible
environment. The use of robots is more common
today than ever and it is no longer exclusively
used by the heavy production industrial plants.
The specific operations such as inspection,
maintenance, cleaning etc. are expensive. Thus,
the application of the robots appears to be an

attractive solution.

The project aims to create a robotic inspection
technology. It is beneficial to have a robot with
adaptable structure to the pipe diameter, which
possesses enhanced dexterity, manoeuvrability
and capability to operate under hostile
conditions. Wheeled robots are simple, energy
efficient and have a great potential for long range
usage. A multi — frame robot as shown in fig. 1
offers few advantages in manoeuvrability with
the ability to adapt to in-pipe unevenness, move
vertically in pipes, and stay stable without
slipping in pipes. This type of robot also has the
advantage of easier miniaturization. A challenge
in its design and implementation consists in
combining the mobility with that of autonomy
and low weight. Major design objectives are
represented by the adaptability of the robot to the
inner diameters of the pipes and making the
machine autonomous.

Fig. 1: Pipe inspection robot

Il. DESIGN PARAMETERS

The parameter for design of the robot is the
diameter of pipe. We have chosen 8’” and 10’
(approx. 200 mm and 260 mm) pipes as the lower
and upper limits respectively for our robot.
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Selection of the wheel:
The wheels of the robot should be chosen such
that they should be capable of moving without
slipping in the vertical direction by exerting the
required traction force. They should also not
wear out easily with use. These factors are
determined by the co-efficient of friction
between the wheel and the pipe. Rubber wheels
are a natural choice for this environment as they
meet the above demands. The co-efficient of
friction between rubber and two commonly used
pipe materials (concrete and PVC) are
considered. Coefficient of friction between
rubber and concrete is in the range of 0.6 — 0.85.
Coefficient of friction between rubber and PVC
is in the range of 0.5 — 0.7. The power
requirements are calculated using a coefficient of
friction of 0.8. The range of diameter of pipes
considered in the present work is 200 to 260 mm.
To accommodate the mechanism with rubber
wheels and considering market availability of
standard wheels, the diameter was chosen to be
80 mm.

Mechanism Synthesis:

The robot mechanism is to be designed in such
a way as to expand and contract between the
chosen limits. This necessitates the use of a
mechanism where the input link causes the other
links to move in a uniform fashion without any
crossovers. A parallelogram linkage offers the
required type of uniform motion.
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Fig. 2 — Simple Parallelogram Mechanism

But, the required way of motion is not
achieved from this design. The joint F is made
into a screw pair. The orientation of link 5 is
changed so that when the input, link 2 moves in
the clockwise direction, link 5 moves in the
opposite direction pushing the screw pair
forward and vice versa. This combination of
linkages makes the mechanism contract in the
clockwise direction and expands in counter
clockwise direction.

[\

TAT IT T FFTT T iT7, W’{“’\“

Fig. 3 — Modified Mechanism

Link dimensions are to be equal for execution
of uniform motion. For the pipe diameter range
of 200 mm to 260 mm, link length can be varied.
Angular position of link at the maximum
diameter must not exceed 90°and not go below
45° for proper functioning. The link dimensions
can vary from 65 to 85 mm with angles ranging
from 67.4° to 44.9° respectively at max diameter
of 260 mm. The mechanism has been checked to
work for all the values and the dimensions are
chosen to be 75 mm.

Degrees of freedom of the mechanism is
obtained from Gruebler’s criterion
F=3(N—-1)—- 2L -
........................................... (1)

Where, F — Number of degrees of freedom, N
— Number of links, L — Number of lower pairs,
H — Number of higher pairs. Substituting the
values, we get F = 1, hence it is a single degree
of freedom system.

Feasibility of the mechanism:

The feasibility of the mechanism is determined
with the help of “Linkage”, which is a computer
program that lets one design and edit a two
dimensional mechanism and then simulate the
movement of that mechanism. The editing and
simulation are both done in the same window and
are part of the same user interface.

Fig. 4 — Simulation position 1
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Fig. 5 — Simulation position 2

Fig. 6 — Simulation position 3

The figures 4, 5 and 6 show the motion of the
mechanism. The simulation showed that the
chosen dimensions for the links was capable of
executing the desired motion.

Material Selection:

The materials used for this machine are to be
rigid. Different materials can be used for
different parts of the robot. For optimum use of
power the materials used should be light and
strong. Wood is light but it is subjected to wear
if used for this machine. Metals are the ideal
materials for the robot as most of the plastics
cannot be as strong. Material chosen should be
ductile, less brittle, malleable, and have high
magnetic susceptibility. Among the metals/metal
alloys, aluminium is a good choice. But, mild
steel 1018 was chosen as the material for links
and a translational element as it is sufficiently
rigid and less brittle. It balances ductility and
strength and has good wear resistance; used for
large parts, forging and automotive components.
However, mild steel is denser compared to
aluminium and makes the robot heavier. C45
steel is chosen as the material for screw rod as it
1s a medium carbon steel, which is used when
greater strength and hardness is desired than in
the "as rolled" condition. Extreme size accuracy,
straightness and concentricity combine to
minimize wear in high speed applications. It is
generally used for screws, forgings, wheel tyres,

shafts, axes, knives, wood working drills and
hammers.

Design calculations:

The material chosen is C45 steel. The diameter
of a shaft with bending moment and torsional
moment is given by the relation below.

a3 = = x /(CuM)Z + (C,T)?

TTmax

d = diameter of screw rod, m
C, = numerical shock and fatigue factor for
bending moment
C; = numerical shock and fatigue factor for
torsional moment
Tmax— Maximum shear stress, MN/m?
M = bending moment, Nm
T = torsional moment, Nm
Cm=15andC_t
= 1.0 for rotating shafts with gradual or steady loa
oy = 353 MPa for C45 steel, FOS is chosen as
2,d = 0.007922 m = 7922 mm ~ 8 mm.
Therefore diameter of screw rod is 8§ mm.
Motor power calculations:
Gross robot weight, W
= 4.67 kg X 9.81m/s?
= 4581 N

) 45.81
Weight per wheel, W,, = = 7.64 N

Radius of wheel,r = 4 cm = 0.04 m
Co — efficientoffrictionforpipe
— rubberinterface, u
=0.6-0.8
Tractive effort, Fr = W, X u=6.1N
Torque required per wheel, T,, = Fr Xr
= 0.244 Nm
2mNT,,

60

Power required per wheel, P, =

=154 W
Power of standard DC motor which is chosen,
P=2.88W
Force on the screw rod due to torque from the
motor:

\ tan o + fsec ©
T = L

Where,

T — Torque applied, Nm

W — Force acting on the screw rod, N

d, — Pitch diameter of external thread, m

f — Friction coefficient between nut and screw
d. - mean diameter of the friction collar, m

)+ £.d.]

1 —ftanasecO
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a - Helix angle, deg
0 - Half apex angle, deg

p — Pitch of thread = 1.25 mm
_125x1073

0 = 30° for V- threads

f=0.5

d, =7.16 mm for M8 screw thread
W =1945N

Check for stress:  Stressinduced o =
3.47 MPa

The yield strength of 1018 steel is 353 MPa.
As 3.47 <353 MPa, there will be no distortion or
failure of the links.

Fig. 8 — Assembly-Isometric view

I1l. FABRICATION AND WORKING

The fabrication phase of the project involves
production of the parts designed. It also entails
the selection of appropriate electronic circuitry
which can be effectively used to achieve and
control the robot motion. The various processes
used in fabrication of the components are
Cutting Drilling Welding Turning.

Fig. 9 — Holes drilled on link 1

Fig. 11 — Welding of Nut strips
Turning: Turning was performed on a C45
steel rod to make M8x1.25 using the turning
process as per the calculations. The turning
process was done on a lathe machine.

Fig. 12 — Assembled robot

Electronic circuit and components: The
assembled robot needs to start or stop
instantaneously. Also, its direction of motion
ought to be easily switched over. This can be
achieved by using a relay circuit and a remote
control. Double Pole Double Throw (DPDT)
relay is an electromagnetic device used to
separate two circuits electrically and connect
them magnetically. They are often used to
interface an electronic circuit, which works at a
low voltage to an electrical circuit which works
at a high voltage.
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Fig. 13 —IR 4 Channel Remote Control Relay
(Courtesy: hitechlogics.com)

Four channel relay circuit: IR Remote control
relay is a combination of Infrared Transmitter
and Receiver which contains 4 Relays and 1 Fan
with Speed Control through TRiAC which can
be controlled wirelessly is shown in Fig.13. This
makes the unit very easy to operate and integrate
with existing systems. The remote control
operates the corresponding relay on the receiver
board.

Power supply board: The power supply board
as seen in Fig. 14 is used to regulate the voltage
to the camera plate. A potentiometer present on
the board can be used to change the resistance,
thereby changing voltage. This results in control
of the speed of the motor.

Fig.14Power supply board (Courtesy:
nskelectronics.com)

Wireless camera: Wireless cameras are
wireless transmitters carrying a camera signal.
The components are shown in Fig.15. The
camera is wired to a wireless transmitter and the
signal travels between the camera and the
receiver. This works much like radio. Wireless
cameras also have a channel. The receiver has
channels to tune in and then the picture is
obtained. The wireless camera picture is sent by
the transmitter the receiver collects this signal
and outputs it to a Computer or TV Monitor
depending on the receiver type.

N-I'/n,

Fig.15 Wireless camera with radio receiver
(Courtesy: Google images)

DC motors: DC (direct current) motor works
on the principle, when a current carrying
conductor is placed in a magnetic field; it
experiences a torque and has a tendency to move.
If the direction of current in the wire is reversed,
the direction of rotation also reverses. When
magnetic field and electric field interact they
produce a mechanical force, and based on that
the working principle of dc motor established.
DC motors are used to achieve the drive on
wheels and rotation of rods. Two types of DC
motors used in the project are shown in Fig.16 .

Fig. 16. 200 and 60 rpm DC motor
(Courtesy: tomsonelectronics.com)
Circuit integration and assembly: At the end of

fabrication, the electronic circuitry is
implemented onto the robot. The DC motors are
fitted for the wheels, screw rod and camera plate
rod. The 4 channel relay is integrated with all the
DC motors. Appropriate wiring is done and a 12
V battery is connected to all electronic
components. The fully assembled robot is shown
in Fig.17 )

Fig.17 — Fully assembled pipe inspection robot
Working: The complete assembly of the robot
leads to the next phase of the project — Working.
Here the robot is checked for its performance of
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the desired functions.

Drive to the wheels is achieved through DC
motors. These motors are connected through
relay switches which govern the start/stop
functions and rotational direction of the motors.
The robot works through the electronic circuit -
mechanism interface.

One relay switch, worked manually, is used to
control the expansion or contraction of the
frames.

The camera placed at the other end of the robot
is switched on manually. RF receiver is set up
with connections made to a TV monitor.

The DC motors to the wheels are started
through the 4 channel relay circuit. This makes
the wheels rotate at a set rpm of 60.

Once placed sufficiently inside the pipe, the
manual relay switch is actuated to expand the
frames so as to accommodate to the pipe
diameter. The expansion is continued till
sufficient gripping is achieved. The gripping
ensures motion in horizontal or vertical
direction. The 4 channel relay circuit is actuated
through the remote for forward motion.

Camera plate is controlled through another
relay on the circuit board. This is activated to
initiate rotation of camera.

As the robot moves inside the pipe, wireless
signals are conveyed to the receiver giving a
view of the inside surface.

The surfaces are checked for defects visually.

Results: Pipeline systems are prone to
degradation and corrosion resulting in a number
of defects. Identification of defects is an
important problem in chemical plants, sewage
pipes and other industries. This project aimed to
create an autonomous robot for in-pipe
inspection capable of vertical and horizontal
motion.

The following results were obtained from the
completion of the project.

The robot was capable of adapting to pipe
diameters in the range of 200 mm to 260 mm.

The robot was tested for motion in a 250 mm
PVC pipe. It was found to move well in both
horizontal and vertical direction.

The wireless camera transmitted the video feed
through the RF transmitter onto a TV screen up
to a range of 40 m.

The velocity of the robot is 30 cm/s.

Conclusions and future scope
Conclusions: Robots can be effectively used as
tools to carry out work in labor intensive,
hazardous and unreachable work environments.
Pipeline systems are one such environment.
Robots can be successfully implemented in pipe
line inspections for better detection of defects.

The project aimed to create an in-pipe robot
with adaptable structure, autonomy and achieve
vertical motion. The following conclusions can
be drawn from the project.

Future Scope:

The project is limited in several ways and can
be worked upon to broaden its features and
applications.

A few of the improvements that can be
implemented are mentioned below.

Use of tilted and guide wheels for traversing
curves and bends in pipes.

Use of lighter material for the links to reduce
the weight.

Infrared/Ultrasonic
detection of defects.

Implementation of long range sensors.

Implementation as a bore well rescue robot.

Alternate design without links to facilitate
better motion.
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