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Abstract - This paper presents the modification of initial cooling water (CW) pipe inspection robot design. The CW pipe 
inspection robot is used for inspecting damages in concrete linings. The visual inspection method is chosen for carrying out 
inspection. The initial proposed design had many mechanical issues which are addressed and solved. The new design 
elements are added to proposed design and a final modified design is developed. The entire electronic architecture with 
development of Graphical user interface and data logging is explained. 
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I. INTRODUCTION 
 
Water is of great importance in any type of power 
plants. The water acts as a coolant is many systems 
that produce heat. This water is supplied mainly 
through huge size pipes. Continuous transportation of 
water leads to damage in inner and outer surfaces of 
pipe. 
 
A] Problem Statement 

 To modify the initial proposed design of CW 
pipeline inspection robot. The pipeline is to 
be inspected for inner defects in concrete 
linings through real time video streaming to 
remote location. 

B] Objectives 
 To develop design which should be portable 

and easily launched in man hole dimension. 
 To rectify all critical issues in proposed 

design 
 Develop a GUI dashboard for motion and 

sensor monitoring. 
 
II. LITERATURE REVIEW 
 
The pipe inspection is one of the most important 
areas of research. The inner surface inspecting robots 
are widely utilized in petrochemical, water and fluid 
flow industries. Extensive research has been carried 
out to enhance various aspects like vision, control and 
movement of robot. These investigation helps in 
understanding design philosophy and limitations of 
various robots. [2] 
Wheel robots are simple and popular design while 
looking like a normal robot. Such robots are only 
utilized in horizontal configuration of pipes. In this 
robot the support structure is weak during the motion. 

More the wheel track to wheel base ratio, more is the 
stability achieved. [1] 
Caterpillar robots offer more grasp compared to 
wheel robots. Often used when significant grasp is 
essential on pipe walls. They are used for pipes with 
varying diameters. The difference between caterpillar 
robots and wheel robots is that it is more flexible and 
allow for bogey attachment. Thus, a hybrid 
caterpillar-wheel type robot can be created. [2] 
Wall-pressed robots are used for locomotion on 
vertical pipes. It is provided with flexible arms to 
provide sufficient force for movement of vehicle in 
vertical pipes without slipping. However, a major 
problem is that it can only be used for pipes with 
diameters less than 1.5m. [3] 
Leg type robots that walks are rarely designed and 
used for inspection in industries because of its 
complexity. With its sophisticated design criteria, it 
can only be used as situation requires. [4] 
Inchworm type robots are barely used for large 
distance, large diameter pipes. They are only used for 
small pipes with diameter in ranges of millimeters. 
[5] 
 
The most critical research points are mentioned 
below: 
1. The pipe inspection robots are limited to small 

size pipes. There is a need to develop pipe 
inspection robot which can inspect pipes having 
large dimensions. 

2. Most of pipe inspection robots are bulky with no 
scope for expansion in pipe. This needs to 
addressed to make system adaptable and 
portable. 

3. The selection of proper sensors for inspection is 
needed. It should be based on the conditions 
inside the pipe. If the inspection environment has 
water, then Ip rated sensors should be used. 
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III. MECHANICAL DESIGN 
 
A] Critical Issues in Initial Proposed Design 
1. No support for Actuator 
The linear actuator is installed in robot for adjusting 
vertical position of movement of body. The 
maximum stroke of actuator is 100mm with capacity 
of 200N. The actuator is placed in vertical position at 
the center of robot. The actuator during expansion 
and retractions inserts pressure on bottom and top 
surface of sheet metal part which is upper body of 
robot. This may lead to deformation of sheet metal 
part. 
2. Need to reduce weight 
The weight of the initial proposed design is 30.74kg 
which is on higher side. These will lead to high 
power requirement and might not be portable for 
operator to move from one place to other. Thus, the 
weight analysis is to be carried for reducing the 
weight of robot. 
3. Friction issues 
There friction issue due to frequent contact of arm 
linkage and upper body during motion is not 
addressed. The deformation of sharp circular corners 
will occur after some duration. The need to change 
the sheet metal might arise due to friction. Also, there 
should be sufficient greasing to avoid issues related to 
friction. 
4. Ventilation issues 
The high torque motors in the system gets heated 
over addition of loads and run time. There should be 
provision of cooling for motors or there is risk of 
motor failure and system stalling during inspection. 
The medium of cooling can be forced or free cooling 
such as air.There is no provision for cooling of 4 12v 
50rpm motors. The MCU and its peripherals are 
placed inside the upper body with no exhaust or 
ventilation. This needs to be solved. 
 
B] New Design Elements 
The new elements that are added to the initial 
proposed design are, 
1. Camera Dome 
The dome acts as shield to camera and pan tilt 
system. 
The dome is designed in solid works. The material 
selected is acrylic due to its scratch resistant property, 
high transparency and light in weight. The designed 
dome is 110mm in diameter with 10mm collar with 
thickness of 5mm. 

 
Figure 1: SolidWorksTM Design of Dome 

2. Design of wheels 
The designed wheel was 200mm in diameter 
weighing 982.3 gram each. The material selected was 
aluminium. The designed grip thickness was 20mm 
with wheel width 40mm. But due to the cost of 
manufacturing, the market survey was carried and the 
wheel closed to designed diameter was selected. The 
selected wheel had larger grip of 50mm thickness and 
had rim material of ABS. The weight of selected 
wheel was 432.35 gram each. 
3. Design of Pan Tilt system 
The pan and tilt system are designed for PTZ camera. 
This allows controller in controlling pan, tilt and 
zoom directions according to his needs. The two 
servo motors are present in pan tilt system. The 
designed pan tilt zoom is made of mild steel which is 
capable of pan and tilt motions from servo angle of 
45 degrees to 135 degrees. 
 

 
Figure 2: SolidWorksTM Design of Pan Tilt System 

 
4. Design of Electronics tray 
The electronics tray of 230x130x110 mm is designed 
in SolidWorksTM weighing 452 grams. The material 
selected is ABS PC. 

 

 
Figure 3: SolidWorksTM Design of Electronics tray 

 
C] Final Modified Design 
The initial proposed design had critical issues which 
are solved and new necessary design elements are 
added to make final modified Design. The final 
modified design was lighter than the initial proposed 
design. The weight was 16.25 kg with all components 
fitted. The addition of supports led to actuator 
stability. 
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The exhaust fans were fitted around the electronic 
circuit and motors for cooling it over regular 
intervals. 
The metal bushings were designed and inserted in 
designed with arrangement for greasing. The 
integration of all components led to final modified 
design. 

 

 
Figure 4: SolidWorksTM Design of Final Modified Design 

 
IV. ELECTRONIC ARCHITECTURE 
 
The electronic architecture is combination of 
locomotion and sensing module used in system. The 
inner pipeline maintenance can be fatal if the 
proportion of hazardous gases is not known to the 
team of maintenance. To eliminate this issue, the 
robot is equipped with gas sensors. The selected gas 
sensors are O2 and CO2 . The oxygen sensor will 
give warning of low oxygen value if the level falls 
below 19.5. The CO2 gas is very heavy to breath and 
may results in chest problems if consumed in large 
amount. Thus, CO2 sensor will provide concentration 
in ppm along entire pipe. Others sensors also 
included in the system for distance, temperature 
monitoring, orientation, etc. Also, two ten-watt lights 
are included in system which will illuminate the 
pipeline during inspection. The system has leak 
sensor if chance any liquid enters the electronic 
system. 

 

 
Figure 5: Electronic architecture of System 

 
The very important parameter of any visual 
inspection system is camera. The selected camera for 

the application is Gopro Hero 4. Gopro Hero 4 
camera has higher field of view. This gives wide view 
for inspection. The zoom capability is excellent as 
compared to other cameras. The raspberry pi has 
compatibility with Gopro cameras. The camera is 
high definition which will give clear video feed. The 
camera is programmed to control from joystick 
attached to laptop at remote location from build GUI. 
Power requirement of robot is around 410W. This 
power will give run time of 60min before batteries 
get dead. The main component that will consume 
power is motor. The four motors in the system have 
significant power consumption. 
The communication used in the system is CAT 6. The 
robot is communicated to remote location through 
wired communication type. The comparison is as 
follows, 

 

 
Table 1: Communication cable types 

 
V. GRAPHICAL USER INTERFACE (GUI) 
 
The GUI is developed in processing ide. The GUI 
shows the visual plot of all sensors. The joystick is 
interfaced with GUI elements to establish key pressed 
events from remote location. The camera feed is 
taken in extended display attached to laptop. The GUI 
is in progress. The GUI acts as controller as well as 
visual display device for sensors. The initial 
developed GUI is,  

 

 
Figure 7: GUI in developing stage 

 
The coolterm software is used for data logging. This 
logs all sensor data received through microcontroller 
and saves them automatically in excel format. After 
the inspection is completed the data logging stopped 
and generates the report in excel format. The data is 
saved in given time intervals given in program. The 
date time and distance of travel is mapped in this 
excel file. Also live video feed is recorded and saved 
for maintenance work. This will generate the report 
of pipe inspection by final modified design. 
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CONCLUSION 
 
Thus, the initial proposed design is modified to fulfil 
the objectives that were set to make it fabrication 
ready. The critical issues of actuator, friction and 
ventilation were solved. The entire electronic 
architecture was designed and programmed to make 
wired communication system. At last at the end of the 
inspection the data and live video feed will be stored 
through the cool term and video downloader 
respectively. 
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