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Abstract— The primary objective is to design and development of a MWCR for high temperature applications with good 
stability and flexibility. Our primary objective is to design, development of MWCR for inspecting inaccessible areas such as 
narrow gaps. The robot should be able to access the narrow gap with bending so the size and flexibility of the system is very 
important along with the stability of the system. So the system requires good control system mechanism. We also need to 
consider the payload capacity of the system since it needs to carry cameras, eddy current sensors etc. Since the MWCR is 
meant for inspection purpose we need to ensure the safety of the cameras and sensors 
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I. INTRODUCTION 
 
Multifunctional wall climbing robots with the ability 
to maneuver on vertical surfaces are currently in need 
to perform inspection and maintenance at narrow gap 
areas. One of the most challenging tasks in wall 
climbing robot design is to develop a proper adhesion 
mechanism to ensure that the robot sticks to wall 
surfaces reliably without sacrificing mobility. The 
wall climbing robot shall have substantial payload 
capacity, high mobility and also suitable for high 
temperature environments. 
The Proposed Multifunctional Wall Climbing Robots 
(MWCR) uses Vacuum suction technique which 
achieves good balance between strong adhesion force, 
high mobility and also suitable for high temperature 
environments. Since the MWCR do not require perfect 
sealing as the vacuum suction technique does, the 
robots can move on virtually any kinds of smooth or 
rough surfaces. . The other salient features of the 
MWCR are the compact design, high-payload, and 
high performance on-board processing unit. The 
MWCR can achieve both fast motion of each module 
on planar surfaces and smooth transition between 
surfaces by a set of two modules. Based on Literature 
survey MWCR can carry 6 kg payload inclusive of 1kg 
self-weight, which record the highest payload capacity 
among wall climbing robots of similar size. The 
MWCR is self-contained embedded systems carrying 
their own power source, sensors, control system, and 
associated hardware. The Embedded control system is 
adopted for on board perception and motion control.  
The Essential functionalities of the robot are, 
 
 The robot is expected to have Superior 
Intelligence to other small robot in similar caliber.  
 It will be able to withstand high temperatures.  

 It will have comparatively high payload 
capacity.  
 It will have good stability.  
The Wall climbing robots finds it functionality in, 
 Cleaning and Inspection of high rise 
Buildings.  
 Inspecting the bridges for detecting cracks.  
 In nuclear power plant for wall inspection. 

The primary objective is to design and development of 
a MWCR for high temperature applications with good 
stability and flexibility. Our primary objective is to 
design, development of MWCR for inspecting in 
accessible areas. The robot should be able to access the 
narrow gap with bending so the size and flexibility of 
the system is very important along with the stability of 
the system. So the system requires good control system 
mechanism. We also need to consider the payload 
capacity of the system since it needs to carry cameras, 
eddy current sensors etc. Since the MWCR is meant 
for inspection purpose we need to ensure the safety of 
the cameras and sensors. 
 
II. BACKGROUND 
 
The Wall Climbing robots need to have good adhesion 
mechanism to hold on to the walls. The adhesion 
mechanism vary according to the applications, that is 
in some cases it need to handle less load and in some 
other it need to handle more also the temperature 
handling capacity also need to be considered. So the 
selection of adhesion mechanism is complex.  
 
For designing the adhesion mechanism we need to 
study the properties of different adhesion mechanism. 
We have carried out survey on these mechanisms and 
table 1 shows that.  
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Table 1- Comparison of different adhesion techniques 

 
The Table 1 shows the comparison of different wall 
climbing technologies from the table we can conclude 
that Suction cup technology has good load handling 
capacity, which could be altered and used accordingly 
as per requirement.  
 
III. DESIGN  
 
The system is designed to move between pressure 
vessel and safety vessel of a nuclear power plant the 
robot needs to traverse through the narrow gap 
between the vessels. The robot should have certain 
minimum characteristics such as to withstand high 
temperatures and adverse conditions. The robot is 
designed to carry certain equipment’s for testing the 
walls since the system should have very high degree of 
safety if there occurs any leakage due to the high 
pressure exiting in the vessel it will make severe 
damage to system as well as to human life so regular 
inspection and checking needs to be performed. Since 
the environment is very hazardous human beings 
cannot go into that particular area and do the 
inspection. So there should be some level of 
automation that allows us to do NDE inspections.  
The robots that are currently used in inspection 
purposes need to carry good pay load so the design 
aspect is very important. The most of the robotic 
system stability is low due to the use of single chamber 
vacuum cup with good level of air pumping the system 
should be able to hold on to the wall surface for the 
specified load level. The single chamber vacuum cup 
also has certain disadvantages such as if there occur 
any problem of pressure difference due to crack or 
anomaly on the wall the system will fall down. If the 
system falls down it will burn good amount of money 
since the integrated sensors and camera systems will 

get damaged. There should be precise handling of the 
system and good control over the system. 
The existing inspection robot uses rigid body structure 
for the purpose usually uses rigid body structure so it 
faces difficulty in bending as well as in 3 dimensional 
translations the flexible body should be able to handle 
specified loads and also the material should be flexible 
go that when the system perform 3 dimensional 
translation it will bend by itself and will move on. The 
added advantage of this system is that it can be used in 
inspection of curved surface so in inspection of area 
between pressure vessel and main vessel we can be 
inspected the area is not straight it is curved if we use 
flexible poly carbonate material the system will 
become flexible as well as the translational capability 
of the system will also improve for the purpose we will 
consider body designing using flexible and strong 
material so that it can carry specified load as well as it 
could be able to bend as per the requirement 
The proposed wall climbing robot is expected to 
possess some features that are unique from the above 
system we have already seen so the advancement is 
expected to overcome the flaws in the existing system 
we have discussed so we need to design the system. 
The system is expected to behave ideally likewise a 
system will behave as per requirement.  
The system design has two seven chambered vacuum 
cups which will stick on to the wall and moves along 
with its adhesion force also the system require to 
withstand high temperatures of the pressure vessel so 
the vacuum cup need to withstand the high 
temperature. So the system will be using silicone 
caoutchuc for the particular application. We have 
designed is using much chambers for good stability 
and control of the wall climbing robot. The force 
generated is designed by the following equations. 
 
   (1) 
Where F – force generated by vacuum system 
 
   is the change in pressure 
 
  A – Area of the cup 
 
Now we need to design the cups according to the force 
requirement we have designed to handle a load of 80 
kg. The diameter specification is given by the 
equation. The horizontal force is given by, 

      (2) 
 
The vertical force is given by.  

     (3) 
Where  d - diameter of the cup 

  m -Weight of work piece in kg 
 
   -Vacuum pressure in bar 
  n -number of cups 
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  � -friction coefficient 
  S -safety factor 

So mass  m= 80kg 
Vacuum  = -0.4 bar 

  n= 14 
  �= 0.5 
  S=2.5 
We get the diameter of the cup as d= 94.65mm 
Free Body Diagram of Cylinder Piston 

 
Fig-1 

 A mathematical model is a set of equations 
which describe the systems describe the systems 
behavior.  
 The balance law can be expressed as, 

   (4) 
 For systems with linear motion, applying 
balance equations, we get 

            (5) 
 Since 

                                                       (6) 

                         (7) 
 Where I(t) - Momentum in Ns 
   Fi(t) - Force in N 
   M(t)- Mass in kg 
   v(t) - Velocity in m/s 
   x(t) - Stroke length in m 
   a(t) - acceleration in m/s2 
 Since the mass remains constant the only 
variable is velocity, so the equation become, 

                        (8)  

                                   (9)                              
 Where  

 
 Now for this system, 

                           (10) 
 Now finding Fp(t) that is the Resultant 
Pneumatic Force exerted on the piston that is caused 
by difference in pressure on both sides of the piston.  
 Fp(t)  - Resultant Pneumatic Force, 
 Ffric(t) - Frictional force exerted on piston 
 From the figure equations could be formed as 

   (11) 

 Where P1(t) - Air Pressure in Chamber 1 
   P2(t) - Air Pressure in Chamber 2 
   Pa(t)  - Ambient pressure 
   A1(t) - Cross sectional area of Chamber 1 
   A2(t) - Cross sectional area of Chamber 2 
   A_rod - Cross sectional area of piston rod 
Now by considering the full stroke length of the piston 
and also assuming negligible frictional forces since 
lubrication is used, So we get 

                                 (12) 
Mathematical Modeling of the System Considering 
Suction Alone 
The modeling can be done by considering the suction 
pressure (Psuc), Mass of the robot (m), and height of 
the robot (h) and Reaction Force.  

 
Considering that the robot moves on a vertical surface 
against gravity. According to the Newton’s third law 
every force has an equal and opposite reaction force, 
by this law when suction pressure is applied on the 
wall the wall produces some reactive force and also the 
given suction pressure should be greater than the 
reactive force, so that the robot can stick on to the wall.  
Mathematically 

                           (13) 
 But 

                                   (14) 
 Thus 

                                 (15) 
From the equation we can conclude that the weight 
handling capacity of the robot entirely depends on the 
suction pressure which depends on the size of the cup 
and air flow.  
 
CONCLUSION 
 
The mechanical design of the robot includes the 
design of load handling of each cup. The robot needs 
to carry a load of 80 kg so the cups are designed 
accordingly. The movement of the system is carried 
out by a driving motor which will take care of the 
movement. The movement is controlled by a DSP 
controller which will take care of the algorithm 
handling of the robot. We need to take care of the 
movement because if it and some obstacles it need to 
overcome or it may need to avoid that so the algorithm 
should be designed accordingly. The adhesion system 
of the robot is vacuum suction system in our case we 
use chambered vacuum cup so that the air flow can be 
controlled and the load handling capacity could be 
enhanced. The negative pressure is generated by a 
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vacuum generator placed outside the robot the air will 
be carried through the tubes which will enhance more 
redundancy that even if the robot fall it can be taken 
back. Along with the tubes there will be control wires 
that will run to the DSP controller from the PC for data 
transfer which will give enhanced security. 
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