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Abstract. A spherical mobile robot with a spherical steel spokes shell is 

introduced in this paper. To have the optimum bouncing capability, the shell 

configurations should be optimized. The design technique of the optimization is 

by varying and testing the three main parameters which are the material of the 

spokes, the number of spokes and diameter for each spoke. The material used in 

the study are five common commercial material available – 1060 alloy, ASTM 

A36 steel, cast alloy steel, e-glass fiber and plain carbon steel. The test 

simulation is run by model in Simulink and SimMechanics. The highest 

maximum height of bounce indicates the best parameter. It is shown that the 

ASTM A36 steel with 14 spokes and 4.00 mm in diameter is the optimum 

configuration of the spherical mobile robot. 
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1   Introduction 

The mobile robot is widely used in various applications, such as security 

surveillance, search and rescue, children's education, entertainment and testbed for 

research. To be safe and adaptive to that kind of environment, the mobile robot area 

has been evolved in term of design and mechanism. There are many types of design 

for mobile robot introduced from wheeled, legged and winged. Inspired by Halme in 

1996 [1], a spherical mobile robot has come to the mobile robot area which having 

many advantages compared to the other designs. It can have both rolling and 

bouncing mechanism in one single body. With one single contact point with the 

ground, the spherical structure can freely rotate about any axis of rotation and all 

positions are stable. The shape of the sphere provides complete symmetry and a soft, 

safe and friendly looking without any sharp corners or protrusions. There are 

researches on the mechanism of the spherical mobile robot and yet there is lack of 

research on the material and configuration of the spherical mobile robot. Current 

research on the spherical mobile robot mechanism can be referred to Roball [2], 

Omnibola [3], BYQ-III [4], Sphericle [5], SpheRobot [6], and OmniQiu [7]. Each of 

them is having the different material used and size for the spherical mobile robot. 

These material and size are not take part as an important aspect for the spherical 



mobile robot as the mechanism is far being concerned. So in this study, five common 

materials available for industrial and commercial are being simulated to find the best 

performance for the proposed design of spherical mobile robot with then later studied 

with the different number and size of spokes of the robot. 

2   Spherical Mobile Robot 

The bouncing spherical mobile robot considered in this study is a mobile robot with 

a sphere shape closed by metal spokes. The mechanism of the spherical mobile robot 

is an internal driving unit (IDU) which inside of the metal spokes. These metal spokes 

are chosen due to it can absorb impacts either during rolling or landing. Moreover, the 

used of the metal spokes is to replicate the spring to create a jumping motion for the 

spherical mobile robot. This jumping ability add-up the advantages of the spherical 

mobile robot to relocate its position easily from point to point. 

 

 
 

Fig. 1. The proposed design of spherical mobile robot 

2.1 Mathematical Model 

As the metal spokes replicate as a spring, the spherical mobile robot shell design 

can be modeled as a mass-spring-damper model [8] as in Figure 2. It indicated that 

Metal spokes 



the spherical mobile robot is subjected to the equation of motion in Equation 1 when 

the ball is in contact with the ground where m is mass, x is spherical mobile robot 

position measured from its center of mass, c is viscous damping, k is linear stiffness 

or spring constant, and g is gravity acceleration. 

 

 
Fig. 2. A mass-spring-damper model of the spherical mobile robot 
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2.2 Design Scope 

2.2.1 Spokes Material 

Different materials give different properties of the design. The type of material will 

influence the design shape, stress, strain, fatigue, impact, wear, creep, and corrosion 

of the spherical mobile robot. As the study is not to introduce a new type or new 

composition of material, five common type of materials available are chosen for the 

study. 

 

1060 Alloy - is a relatively low strength, high purity alloy with a 99.6% minimum 

aluminum content. It is noted for its excellent welding characteristics and formability 

along with good corrosion resistance. It has excellent forming capability by cold or 

hot working with commercial techniques and may be welded by standard commercial 

methods. 

 

ASTM A36 Steel - is a typical constructional grade ferritic-pearlitic steel widely used 

for land vehicles and structures and is easily welded without special heat treatments. 

 

Cast Alloy Steel – is a common type of alloy steel available where it can be 

customized through casting process to improve its material properties. 

 

E-Glass Fiber - is known in the industry as a general-purpose fiber for its strength 

and electrical resistance.  It is the most commonly used fiber in the fiber reinforced 

polymer composite industry. 

 



Plain Carbon Steel – is a basic carbon steel. Its strength depends on its carbon 

content. Low carbon content makes a soft and easily form steel. Higher the carbon 

content, harder and stronger the steel. 

 

 

2.2.2 Number of Spokes 

A different number of spokes will be represented by different number of spring by the 

mass-spring-damper model in Figure 2. It should affect the value of stiffness. Even 

though the spokes can be varied in numbers and diameter, the parameter is limited to 

the overall outer diameter of the spherical robot. In the proposed design of the 

spherical mobile robot, its outer diameter is limited to 240 mm which is a standard 

size of a basketball ball. This is to ensure the spherical mobile robot can be further 

study and validated with respect to the basketball ball.  

2.2.3 Diameter of Spokes 

In contrast with the different number of spokes, the different size of the diameter of 

the spokes indicates the diameter size of the spring in the mass-spring-damper model. 

Each number of spokes and diameter of spokes should have a different weight of 

effect in the spherical mobile robot. This different weight of effect can be further 

shown by the results of the simulation. 

3   Simulation Setup 

The experiment is modeled using MATLAB software which involved Simulink and 

SimMechanics features. The spherical mobile robot designed using Solidworks is 

exported to the experiment. Each of the parameters is designed and exported 

separately. The experiment is run by varying the initial drop height of the spherical 

mobile robot from 2.4 m (which is ten times the overall diameter of the robot) to 0.0 

m. The first run of the simulation by varying the material of the spokes. From the first 

run result, the best material is selected and used for the second run. The best material 

from the first run is re-run with different number of spokes (10 to 14 spokes). Again, 

the best number spokes obtained from the second run is simulated with different size 

of spokes diameter (1.0 mm to 4.0 mm) in the third run. The best parameter is 

selected by taking the highest maximum bouncing height. The data are collected and 

stored for each run. The graph for each comparison is plotted. 

 



Fig. 3. The SimMechanic Model of Bouncing Spherical Mobile Robot

Fig. 4. The Simulink Model of Bouncing Spherical Mobile Robot

 

 

The SimMechanic Model of Bouncing Spherical Mobile Robot 

 

 

The Simulink Model of Bouncing Spherical Mobile Robot 
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Fig. 5. Flowchart of Optimization for 

4   Results and Discussion

The collected experimental simulation data are plotted based on the subjected 

parameter as in Figure 6 to 

 

In Figure 6, the five different type of spokes materials have given two group of 

material which are ASTM A36 steel, plain carbon steel 

maximum height and the others E

maximum height. For these three materials in the higher maximum height group, the 

ASTM A36 steel shows the best performance and proceeded to the

 

 

Flowchart of Optimization for Bouncing Spherical Mobile Robot 

Discussion 

The collected experimental simulation data are plotted based on the subjected 

to 8. 

, the five different type of spokes materials have given two group of 

material which are ASTM A36 steel, plain carbon steel and cast alloy steel in higher 

maximum height and the others E-glass fiber and 1060 alloy in the group of lower 

maximum height. For these three materials in the higher maximum height group, the 

ASTM A36 steel shows the best performance and proceeded to the next step. 

The collected experimental simulation data are plotted based on the subjected 

, the five different type of spokes materials have given two group of 

and cast alloy steel in higher 

glass fiber and 1060 alloy in the group of lower 

maximum height. For these three materials in the higher maximum height group, the 



In Figure 7, it is shown that a different number of spokes are not significant to the 

maximum bouncing height within the same size of spokes diameter. The maximum 

different of maximum height between the spokes is 0.0387 m which is relatively 

small to take an impact to the spherical mobile robot. Though it gives relatively small 

affect to the maximum height, the result is considered as the objective of the study is 

to find the best configuration for the spherical mobile robot shell. The number of 

spokes of 14 is chosen. 

 

As mentioned in 2.2.3, the diameter of the spokes shows a high weightage of effect 

on the spherical mobile robot maximum height. The different results of each diameter 

sizes prove that the diameter of spring in the mass-spring-damper model really make a 

role in the part of design any mass-spring-damper related robot. By result in Figure 8, 

spokes diameter of 4.0 mm size is selected as the final size for the spherical mobile 

robot. 

 
 

Fig. 6. Maximum bouncing height for the different material of spokes versus initial 

height. 

 



 
 

Fig. 7. Maximum bouncing height for a different number of spokes versus initial 

height. 

 

 
 

Fig. 8. Maximum bouncing height for the different diameter size of spokes versus 

initial height. 



5   Conclusion 

An optimized design for a spherical mobile robot has successfully achieved. The final 

result of the optimized design is shown in Figure 8 with the red plot of 4.0 mm. The 

optimized design will be fabricated into prototyped and will be validated. The study 

also showed that the number of spokes has less impact towards the maximum height 

compared to the other two parameters which are material and diameter of the spokes. 

The new prototype will be designed based on the optimized value as in Table 2. 

 

Table 2.  Optimized Parameter 

Parameter Value 

Material ASTM A36 Steel 

Number of Spokes 14 

Diameter of Spokes 4.0 mm 
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