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1. ABSTRACT 

The Rocker bogie suspension system allows the rovers to rise above higher obstructions with better 

slanting ability. The term “rocker” basically implies the rocking motion of the bigger links of the 

suspension system. These bigger links on each side of the rover connect the front wheel with the 

rear two and allow the front wheel to give a rocking motion. The term “bogie” refers to the backside 

fitted with an arrangement of two connected wheels. In a stable condition, this arrangement helps 

keep all of its six wheels on the ground at all times. 
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2. INTRODUCTION 

To overcome an obstacle, the front wheels are forced against the obstacle by the rear wheels. The 

rotation of the front wheel then lifts the front of the vehicle up and over the obstacle. The middle 

wheel is pressed against the obstacle by the rear wheel and pulled against the obstacle by the front 

until it is lifted up and over. Finally, the rear wheel is pulled over the obstacle by the front two 

wheels. During each wheel's traversal of the obstacle, the forward progress of the vehicle is slowed 

or completely halted. These rovers move slowly and climb over the obstacles by having wheels 

lift each piece of the suspension over the obstacle one portion at a time. 

We have used PPR Pipes for solid structural construction. We have also used wood and wooden 

hardboard for the body construction. For the Differential rod, we have used a Stainless-Steel pipe. 

We have welded a mild steel attachment with the bearings mounted on PPR Pipes with preserved 

angles for the joining purpose. In the mid-break, we have corrected the alignment problem in our 

bot. We have dismounted the differential and changed the mounting system by adding a wooden 

block which ensured the rigidity and proper weight distribution capacity. By doing this, we have 

solved the body's leveling problem, which contains the main electronic components. We have used 

a 130mm Wheel for better friction to the surface. We have filled up the pipe end whole with wood 

to attach the Stainless-Steel clamp for the motor mount, which made this mounting system strong 

and provided better stability. We constructed the 120° differential system properly and found no 

issues. We have successfully run our bot with Rocker Bogie Mechanism on Uneven surfaces 

repeatedly. 
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3. FEATURES 

 

3.1. Angular difference between Rocker and Bogie 

 

 

We used two different angles for ‘Rocker’ and ‘Bogie.’ 

In Rocker, the angle is 90o, and for the Bogie system, we 

used 120o. Because of the variation in angle, the rover got 

better flexibility while climbing obstacles. When the 

Bogie climbs any obstacles because of its 120o angle, it 

gets more space to climb. On the other hand, Rocker has 

a 90o angle, which makes the force transmission process 

quite easy.  

 

 

 

3.2.Angular Bar Differential 

 

 

3.2.1. Linear Displacement: 

Conventionally in Rocker Bogie mechanism, 

as a differential linear bar differential uses. But, 

here we used a 120o angle angular bar 

differential. This angular bar differential will 

work as a suspension system and mitigate the 

use of spring shock absorber as well.  

Also, from the figure 3.2.1_a, and figure 

3.2.1_b we can see, for 30o angular 

displacement “Linear Bar differentials” linear 

displacement is 152.40 mm. Where “Angular 

Bar differentials” linear displacement is 

175.98mm. (For 2ft length differential)  

  

Figure- 3.1: Rough sketch of Rocker and 

Bogie  

Figure- 3.2.1_a: Linear Bar Differential 

Figure- 3.2.1_b: Angular Bar Differential 
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3.2.2. Stress and Strain Analysis: 

From the figure- 3.2.2_a and figure- 

3.2.2_b we can see the comparative Strain 

analysis between linear and angular bar 

differential, and from figure- 3.2.2_c and 

figure 3.2.2_d we can see the comparative 

stress analysis.  

According to the analysis the angular bar 

differential can hold more stress and strain 

then the linear one.   

Figure- 3.2.2_b: Strain 

Analysis of Linear Bar 

Differential 

Figure- 3.2.2_a: Strain 

Analysis of Angular Bar 

Differential 

Figure- 3.2.2_c: Stress 

Analysis of Angular Bar 

Differential 

Figure- 3.2.2_d: Stress 

Analysis of Linear Bar 

Differential 
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4. COMPONENT LIST 

 

4.1. Electrical Component 

 

 Component Quantity 

1 Arduino Uno 2 

2 8 Channel Relay 1 

3 DC Motors 6 

4 Bluetooth Module (HC05) 1 

5 3 Cell Lipo Battery (2200mAh) 2 

6 DC jack 1 

7 Battery Connectors 2 

8 Jumper Wires (m-m/ m-f) As required 

9 Copper wire As required  

 

4.2. Mechanical Component 

 

 Component Quantity 

1.  UPVC Pipe  12ft 

2.  Wood Board 4ft*2ft*3mm 

3.  Ball Bearing 5 

4.  1.5cm Stainless steel pipe  5ft 

5.  Ball joint 4 

6.  Motor mount L-clamp 6 

7.  (M3*0.5) 5mm Phillips oval head screw 4 each 

8.  Wheel  6 

9.  Bush 6 

10.  5mm*2.5 inch Hex Nut and Hex Head Bolt 15 

11.  Washer As required 
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12.  1.25 inch cylindrical wood 2ft 

13.  0.5, 0.75, 1 inch Philips Flat Heat screw As Required 
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5. CIRCUIT DIAGRAM 

Here, we have used an 8 channel relay to drive the motors. For left and right both side we shorted 

two motors and another motor controlled separately. To, run the motor we used two 2200mAh 

Lipo battery. Required command was transferred through Bluetooth Module (HC 05). Used 

Arduino Microcontroller to process all the command. Whole Circuit setup was done as shown in 

figure- 5_a.  

  

Figure- 5_a: Circuit Diagram 
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6. RESULT and DISCUSSION 

The essential purpose of this suspension structure is to overcome rough terrain, uneven paths with 

better shock absorbing ability. Various tests were coordinated to choose how this improved 

suspension system works on different surfaces. A better performance was seen in its linear 

displacement while covering the uneven paths. An improved stress-strain bearing capability was 

visualized in the bot because of the bar differential mechanism. Much higher obstructions were 

efficiently climbed upon by it because of generating more torque on the wheels. 

A much simpler differential system without using a complex bevel gear mechanism was introduced 

in this project by which the same tasks were performed more efficiently than the conventional 

way. The use of spring shock absorbers was alleviated in this suspension system. It was observed 

from the comparative stress-strain analysis of both linear and angular differential that more stress 

and strain was withstood by the angular differential one. Besides, for 30° angular displacement of 

“Linear Bar differential,” the linear displacement was 152.40 mm, whereas, in “Angular Bar 

differential,” linear displacement was175.98mm. (For 2ft length differential). 

This bot can be used effectively to implement various tasks for the welfare of human beings. 

Wreckages caused by an earthquake can easily be climbed up by this bot, and wounded survivors 

can also be located. It can be used as a surveillance bot in the construction area. Besides, it can 

also be utilized as a bomb diffuser and a research rover for planetary missions. 
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7. COST 

 Product Cost 

1 Electronics 7,655/= 

2 Hardware 6,706/= 

3 Instrument 2,710/= 

4 Workshop Expenses  1,040/= 

5 Transport 615/= 

6 Others 1,024/= 

Total 19,750/= 
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8. LIMITATIONS 

 

8.1. Ground Clearance:  

For this rover, we kept the dimensions within 2ft* 2ft* 2ft. So, every arm of the Rocker and Bogie 

has a very specific length. In addition we used 120o angle for bogie. So, bogie’s ground clearance 

shortened significantly. That’s why bogie faces some difficulties while climbing higher obstacles.  

8.2.  120o Bogie Lock 

As it is a student funded project because of budget limit, some feature we couldn’t add. One of 

them is Bogie lock. Because bogie has 360o free rotational space, it occurs some difficulties while 

getting over any obstacles.  

8.3. Differential Lock 

Another feature we couldn’t add is lock in differential. After a certain angle of angular 

displacement the differential might end up in a state of permanent displacement. To prevent that, 

we need to set the rotation limit for the differential.  

8.4. Torque 

For this rover, we used DC gear motor. Which’s RPM was reduced to increase the torque of the 

motors. Still motors can’t produce enough torque to overcome higher obstacles. Sometime motors 

end up breaking its gears.  

8.5. Wheel Grip  

As we purchased the wheel, wheel’s griper has some limitations. While rover climbing smooth 

surface, it faces great difficulties because of the griping issue.  

8.6. Data Transmission Range 

In this we used Bluetooth module (HC 05) for data transmission. This module has very short data 

transmission range. That’s why after a certain range rover couldn’t be operate.  
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9. FUTURE IMPROVEMENTS 

 

9.1. Finding optimum angle for Rocker, Bogie, and Differential 

For this rover we used 90o angle in Rocker, 120o angle in Bogie, and 120o angle in Differential. In 

our future development we are focusing on finding an optimum angle for each of this, to get better 

efficiency.  

9.2. Set lock in Bogie and Differential 

To get 100% from this rover we need to set an optimum rotational limit to the bogie and the 

differential. Only then the rover will get full drag force it produces.  

9.3. Stable Torque 

In case of torque we are looking for a stable solution for our future rover. As this rover requires 

great amount of torque to climb obstacles.  

9.4. Adjustable Wheel Grip 

Based on the situation rover need to go through different kind of surface. That’s why we need to 

come up with a solution for wheels grip, so that it can adjust mostly with every kind of surface.  

9.5. Data Transmission Range 

For real life implementation, we need increase the data transmission range in a bigger scale. As 

this rover can be used for remote area surveillance and many more. 
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10. CONCLUSION 

This project presents a unique working principle which is a rocker-bogie system with better shock-

absorbing ability. The angular bar differential mechanism efficiently gave the bot more stability 

to climb more elevated surfaces. We used two different angles for ‘Rocker’ and ‘Bogie.’ In Rocker, 

the angle is 90o, and for the Bogie system, we used 120o, and the Bogie climbs any obstacles 

because of its 120o angle, it gets more space to climb Besides, for 30o angular displacements of” 

Linear Bar differential,” the linear displacement was 152.40mm, whereas, in “Angular Bar 

differential,” linear displacement was 175.98mm. (For 2ft length differential) The data analysis in 

the stability margin proved with the 3D model simulations done in SOLIDWORKS. As a student-

funded project, we have some limitations like deficiency of toque and shortened ground clearance 

which caused us some difficulties while climbing an elevated surface. In the future, we want to 

improve the torque and install some adjustable wheel grip kind of stuff which will make the bot 

capable of climbing a higher stair. Increasing the signal transmission range on a larger scale, we 

can use it as a surveillance robot. We can know the position of survivors caged in any disastrous 

condition. 
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12. APPENDIX 

12.1. Program Code:  

 

 

 
Figure-12.1_a: Program Code Part 1 

Figure-12.1_b: Program Code Part 2 
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12.2. Input Voltage: 

a. Relay: 5 v  

b. Motor: 7.2 v 

c. Arduino Uno: 7v  

d. Bluetooth module: 5 v  

 

12.3. Total Weight: 7 KG 

 

12.4. Wireless Control Range: 10 meters (2.45 GHz) 

 


