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Wheeled mobile robots able to inspect pipe interior are typically used in industry. One of the major 
evaluations of these robots performance is mobility in limited spaces and special environments. 
Unanticipated area and obstacles along the robot path is one of the major challenges of robot success in 
missions. In this paper a novel module for increasing the robot traction when encountering small 
obstacles, paddle or large deposit is introduced. In addition, the mechanism increases the robot traction 
when moving in high inclination pipes. The mechanism consists of two links mounted beside the four 
wheel drive robot. When the robot is faced with an obstacle or a paddle and cannot move further, 
although the robot wheels rotate, contacting the module’s links to pipe surface changes the balance of 
normal forces applied between the pipe and wheels. Further, when the links are extended to contact the 
upper part of pipe,  the wheels normal forces are increased, providing a higher traction force 
consequently. Length of links may change in addition to its rotation. So, a two DOFs mechanism is 
provided in which one motor is used as actuator.  For switching active DOF, a locking mechanism is 
utilized using shape memory alloys actuators.  The analysis and simulations show the capability of 
mechanism in increasing the robot traction. The mechanism performance is validated through ADAMS 
dynamic modeling software. 
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Fig. 1 Design of developed module mounted on a common 
robotic platform 
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Fig. 2 Main elements of developed module  
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Fig. 3 Mechanism of switching module degrees of freedom 
actuated by shape memory alloys 
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Fig. 4 Pipe breakage fault 
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Fig. 5 Open joint pipe fault 
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1- Open joint 
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Fig. 6 Angular position applied to racks in passing a paddle 
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Fig. 7 Variation of racks length in passing a paddle 
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Fig. 8 Functionality of module accessory in forward movement 
of blocked robot because of front wheel entrance into a paddle 
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Fig. 9 Robot blockage by deposits during inspection of sewer 
pipe  
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Fig. 10 Action strategy of module accessory in passing through 
obstacles during inspection 
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Fig. 11 Angular position applied to racks in passing an obstacle 
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Fig. 12 Variation of racks length in passing an obstacle 
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Fig. 13 Facing robot with large deposit during sewer pipe 
inspection 
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Fig. 14 Module functionality in forward movement in high 
inclination pipes 
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Fig. 15 Module functionality in robot movement in high 
inclination pipes  
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Fig. 16 Free body diagram of robot when module contacts the 
pipe surface 
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Fig. 17 Effect of increasing H on required torque for rotation of 
module arm 
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Table 1 Robot and module parameters in simulation and 
analysis  

H r m y0 rp M w   

183.5 50 30 82 16 50 367  
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Table 2 Torque of activating first or second mode of module in 
different angles  

(º) (m) 
T1 

(N.m) 
T2 

(N.m) 
N3 (N) 

20 265.1 52.0 2.0 216.7 
30 185.3 40.8 3.7 277.6 
40 148.3 31.6 5.7 327.9 
50 128.8 23.2 7.7 373.5 
60 118.4 15.0 9.8 418.2 
70 113.6 6.3 11.8 465.6 

 
Fig. 18 Effect of normal force N3 on required torque of 
activating first mode (T1) and second mode (T2) in different 
angles of module arm 

18 N3 
) T1)  (T2(  

1    
  

5 -   
     

 . 
10     .

      
 . 

   
20 21    .

 
       .

    22    .
        

  

  
Fig. 19 Free body diagram of robot when module contacts the 
pipe top in high inclination pipes  
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Fig. 20 Variation of force along module arm in the first step of 
passing through obstacle 
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Fig. 21 Variation of force along module arm in the second step 
of passing through obstacle 
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Fig. 22 Variation of robot velocity when passing through 
obstacle using module accessory 
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Fig. 23 Variation of force along module arm when passing 
through paddle 
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Fig. 24 Variation of force along module arm when robot passes 
a 45 degree inclination 
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Fig. 25 Variation of force along module arm when robot passes 
a vertical pipe 
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Table 3 Module parameters when contact pipe in different 
missions  

   l  max  
 92.8  130 3  
 91.6  130 6  
45  96  130 0  
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Table 5 Comparison of rack force calculated in different 
missions in analysis and simulation by Adams  
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  290 250 
  290  300  

45   205 210  
  500  600  

5  
Table 5 The maximum force and torque of module accessory in 
different missions  

 
(N) (N.m) (N.m)  

 400 12 6 
 400 12 6 
45  260 7.8 3.9 

 650 19.5 9.75 
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