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Abstract—Spring is a part in mobile robotic design that 
controls the handling of the movements. It allows the frame to 
ride undisturbed, while the suspension and wheel follow the road 
surface. It also implicates the safety during the mobile, especially 
on the rough path. There are two types of spring that are well-
known; standard spring and sport spring. Standard spring is 
designed to work perfectly with the standard dampers to ensure 
the driving dynamics. On the other hand, sport spring is totally 
different in terms of the number of the coils, the steel coils 
diameter, and the height that can improve the stability and 
safety. Nowadays, most of the mobile robotics is equipped with 
standard spring in their design. Unfortunately, this is one of the 
reason why the robotic is not stable when it is activated thus 
increases the risk of safety. In order to solve this issue, there is a 
necessity to swap from the standard spring to the sport spring. 
The testing is done on actual situation by using both types of 
springs in order the test its stability. The stability of the mobile 
robotic is measured in three types of testing, which are zigzag, 
cornering and braking. During the experimentation, the modified 
compact car with the characteristics of normal mobile robotic is 
used. The result shows that the sport spring increases the 
stability of the mobile robotic compared to the standard spring. 
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I.  INTRODUCTION 
Mobile robot is an automatic machine that is competent of 

locomotion. It has the ability to move around in their 
environment and is not fixed to one physical location. It can be 
found in many areas such as industrial, military and security 
settings. Nowadays, the used of mobile robot has become 
commonplace since it helps the human to efficiently reduce the 
manpower, but still provides high production. It is also widely 
designed to do certain tasks that are considered challenging for 
the human to complete. Safety is one of the issues as the 
mobile robots need to move. On rough surface, it can be 
unbalance and fall which can cause accident. 

Some mobile robots were developed together with spring. 
The springs were designed by using an elastic material and 
they are made into the shape of a spiral and return to its normal 
length when unloaded. The quality of spring is based on the 
energy that it can absorb by itself. The spring is capable to 
absorb high amount of energy, which gives stress to the spring. 

Most of the wheels are installed with the standard spring. Metal 
coil springs are arranged by twisting a wire around a previous 
shape. The main reason spring were installed with the robot 
because it has the capability to maintain the stability, care in 
handling and allow for fast braking in any situations. Fig. 1 
shows the example of spring designs. 

 

 
Fig. 1: Coil spring design. 

The type of spring that is widely used in mobile robotic is 
standard spring [3, 4]. However, on 2WD mobile robot, it is 
highly potential for the robot to fall down due to high centering 
when going over uneven terrain and make it impossible to 
climb the stairs without making radical suspensions. On the 
4WD mobile robot, it is worse if one of the wheels is 
unbalance. The movement of the mobile robot might not go on 
the right path. Cornering and braking also can be problematic 
as the robot might lose track or turn upside down [1, 2]. 
Therefore, to increase the safety of the design, spring plays a 
major role in ensuring the mobile robot can conduct on the 
right track. This is where we see that sport spring may be one 
of good alternative. It provides improved ride quality and better 
handling performance [4, 5]. However, it is not popular due to 
the high cost, complex implementation, increase in power 
consumption and weight. 

This work attempts to shows that by using sport spring, the 
stability of mobile robot during the movement can be improved 
compared to standard spring. Thus, the safety of the robot can 
also be more convincing and the accident such as fall down can 
be avoided. The stability experiment emphasizes on three 
different testing; zigzag, cornering and braking. 
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II. EXPERIMENTAL DESIGN 
There are some modifications that need clarification before 

the experiment can be implemented. 

A. Mobile robot characteristic 
The compact car is used for the experimentation purpose. 

However, it has been modified to follow the robot 
characteristics of RobuFAST [1]. Firstly, the weight has been 
toned down to almost 360kg. Most of the unused accessories 
such as dashboard, seat and some body parts have been 
removed. Secondly, the wheelbase also has been adjusted. The 
original wheelbase from 2.2m has been reduced to only 1.2m. 
This will ensure the length follows the parameter of any mobile 
robotic design. Finally, the maximum speed has been cut off to 
only 30km/h. Apart from ensuring similar speed with other 
mobile robots; the data that was gathered also is more accurate 
for analysis purposes. 

B. Spring characteristic 
Two types of spring were used for the testing; standard 

spring and sport spring. They were installed into the same 
compact car alternately for each testing. Table I shows the 
characteristics for both springs. Four springs of each type were 
used during the testing. Each spring was positioned on each 
wheel. 

C. Testing surface 
The testing was carried out in an open area with sunny 

weather condition of around 32 degrees Celsius. The compact 
car was in good condition with only few liters of petrol, just to 
guarantee the testing could be completed. 

TABLE I.  STANDARD SPRING VS SPORT SPRING CHARACTERISTICS. 

Table Head 
Standard Spring Sport Spring 
Front Rear Front Rear 

Diameter of spring (cm) 7.60 9.14 7.50 9.04 

Length of spring (cm) 32.0 25.0 22.5 15.5 

Number of coil 7 7 7 7 

Diameter of coil (cm) 1.00 1.17 0.90 1.07 

 

 

Fig. 2: Fixing steering compass. 

D. Stability testing 
Road testing was the first test that was carried out. The 

compact car was moving by performing the zigzag turn. A 
number of cones is used and were set up in zigzag pattern. The 
driver had to drive the car through the cones. In order for the 
testing to be done, a value will be assigned on the steering. At 
the beginning, the steering pointed at 90 degrees, showing that 
the compact car was in static condition. During the straight 
movement, if there is a stability issue, the reading will be 
changed. For each cornering, the reading was collected for 
analysis purpose. Fig. 2 shows the compass or value that was 
located on the steering with marks pointed to the 90 degrees to 
show that the experiment has not begun yet. 

Second was the cornering testing. This was to ensure the 
stability for each spring during the U-turn. Cones were also 
positioned for the testing to ensure U-turn can be made at the 
same spot. Different from the first test, time is taken for the 
compact car to make a complete U-turn at different speed. The 
test was also done several times and the average time was 
recorded for each type of spring.  

The final testing was braking test. During the various speed 
movement of the modified compact car, the driver hit the brake 
in sudden, at the same force that would stop the movement at 
once. The distance was computed starting from the point the 
brake was triggered until it was completely stopped. This 
testing was done several times using two types of spring in 
order to get accurate distance. 

III. RESULT AND CONCLUSION 
The testing using both types of spring was done several 

times. This was to ensure the data collected is more accurate. 
The average of each reading was calculated to produce the final 
result. 

A. Zigzag result 
At the beginning of the test, the compact car was moving in 

straight line. However, there was no movement on the 
compass, showing that the stability on straight route is not an 
issue for both types of spring, even on the rough path. 
However, the reading was different for both types of spring 
during the zigzag movement. Table II shows the result for this 
test. As depicted in the table, sport spring only takes few 
degrees of rotation compared to standard spring for each speed 
in order to make the left or right turn. The lesser degrees of 
rotation mean the more stable the mobile robot condition 
during the movement. The result supports our anticipation that 
sport spring has better stability compared to standard spring. 

B. Cornering result 
Table III shows the data collected from the testing. The 

time was taken based on different speed until the compact car 
has successfully made a complete U-turn at the same spot. 
Looking at the result, the time taken by using the sport spring is 
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much better than standard spring. The result supports the 
premise that on the same speed, sport spring can help to stable 
the mobile robot during sharp rotation. 

C. Braking result 
The test result as shown in table IV clearly shows that the 

distance taken to stop the compact car is different for both 
types of spring on different speed. Sport spring is more 
responsive; thus it supports our concern on the stability issue 
for both spring.  

TABLE II.  RESULT FOR THE ROAD TESTING. 

Type of 
spring 

SPEED (km/h) 

3 6 9 12 15 18 21 24 27 30 
Standard 

spring rotation 
in degrees 

1.8 4.0 6.3 8.6 10.1 11.9 14.6 16.9 18.2 21.0 

Sport spring 
rotation in 

degrees 
1.1 1.9 3.2 4.6 5.0 6.5 7.3 8.7 9.2 10.0 

TABLE III.  RESULT FOR THE CORNERING TESTING. 

Type of 
spring 

SPEED (km/h) 

3 6 9 12 15 18 21 24 27 30 
Standard 

spring rotation 
in seconds 

9.48 8.78 8.15 7.51 6.97 6.33 5.91 5.40 4.72 4.11 

Sport spring 
rotation in 

seconds 
7.79 7.31 6.73 6.29 5.99 5.62 5.13 4.86 4.19 3.71 

TABLE IV.  RESULT FOR THE BRAKING TESTING. 

Type of 
spring 

SPEED (km/h) 

3 6 9 12 15 18 21 24 27 30 
Standard 

spring distance 
in meters 

3.41 4.51 5.89 6.64 7.89 8.51 9.49 11.28 12.19 13.95 

Sport spring 
distance in 1.99 3.61 4.49 5.64 6.03 7.74 8.29 9.08 10.57 11.26 

Type of 
spring 

SPEED (km/h) 

3 6 9 12 15 18 21 24 27 30 
meters 

 

Even though the works were carried out with some 
limitations, the test has shown very promising results. Three 
different types of testing on both types of spring show a value 
that can contribute to the development of mobile robot in the 
future. More accurate result can be gained if the test can be 
done on actual mobile robot, instead of compact car despite the 
fact that the characteristic has been modified to resemble as 
close as the mobile robot’s characteristic. 
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