
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 05, 2015 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 453 

Study of Road Variability and its Effects on Vehicle Dynamics Simulation 
Mr. Jatinderjit Singh

1
 Mrs. Tejbir Kaur

2
 Dr. V.P.Singh

3 

1
P.G. Student 

2
Assistant Professor 

3
Professor 

1,2,3
Department of Mechanical Engineering 

1,2,3
Punjab Engineering College University of Technology, Chandigarh, India 

Abstract— As the technology is burgeoning with the passage 

of time the numbers of methods have been developed in the 

field of automobiles. Vehicle dynamics and ride comfort is 

the major part which is to be considered a lot these days. 

These are improved to comfort the passenger and the driver 

of the vehicle. Less vibration will result in more ride 

comfort and hence less discomfort for the driver. Hence this 

is more necessary for the health of the driver and the 

passenger. In this paper, the study was done regarding the 

vehicle dynamics with different road profiles. Dynamics of 

the vehicle was considered experimentally and there results 

were simulated in MATLAB/SIMULINK software. The half 

car model and there equations are investigated in the 

MATLAB/SIMULINK software to determine the vibration 

in the investigated vehicle. Also investigation regarding the 

ride comfort and road holding had been considered by using 

different formulas and then this ride comfort was optimized 

using the DOE software. The optimized result gives the 

combination of the stiffness and damping coefficient which 

was then used for the better ride comfort. This combination 

was again put in the form of parameters in the 

MATLAB/SIMULINK model to get the optimal and best 

solution. 
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I. INTRODUCTION 

The study of vehicle dynamics is necessary for safety of 

driver as well as passengers. For safe drive the study of 

vehicle dynamics with respect to different road profiles 

should be considered. This will make improvements in the 

vehicle suspension and results comes out from the study will 

be more efficient. The vibration of vehicle during travelling 

comes from the pavement, which is passed to driver by 

vehicle body. Supposing that no considering the collision 

during travelling, we only consider the vibration source 

acting on traveling vehicle. The road is the main factor that 

leads to the vibration of running vehicles and considered as 

a main factor for vehicle damage. 

A. Vehicle Dynamics 

The Expression ’Vehicle Dynamics’ encompasses the 

interaction of driver, vehicle, load and environment. Vehicle 

dynamics mainly deals with the improvement of active 

safety and driving comfort as well as the reduction of road 

destruction. In vehicle dynamics computer calculations, test 

rig measurements and field tests are employed. 

The dynamic equation for the vehicle motion is: 

             

Where    = wind drag force (function of vehicle velocity),  

   = vehicle mass, 

    =number of driving wheels (during acceleration) or the 

total number of wheels (during braking),  

and    = tire tractive force, which is the average friction 

force of the driving wheels for acceleration and the average 

friction force of all wheels for deceleration.  

B. Ride Comfort 

Ride comfort is considered as the main objective of the 

suspension systems of vehicles. Ride comfort is an 

important characteristic of vehicles that indicates how much 

riding is comfortable for passengers. Ride comfort is very 

important for heavy vehicles, because the acceleration 

transmitting to the driver compared with other light weighed 

vehicles is very high. Suspension systems are considered as 

the foundation of vehicles ride comfort. The frequency area 

of suspension systems is in the range of lower than 25 Hz. In 

the case of vehicle dynamics, "ride comfort" is related to 

only this part of the frequency range. Ride comfort depends 

particularly on the dynamic behavior of the vehicle body 

(i.e. sprung mass). 

II. OBJECTIVE 

The vibration of the vehicle is investigated experimentally 

with the help of accelerometer and then the half model of 

the vehicle is considered with 4 DOF and there equations 

are compiled in the MATLAB/SIMULINK software. The 

parameters of the vehicle, when put in software gives the 
vibration graph of the vehicle and then those vibrations are 

controlled by evaluating their ride comfort. Then DOE 

software is used to get optimal value of stiffness and 

damping which is further imparted in 

MATLAB/SIMULINK software to get controlled or 

reduced vibration graph. Then both the graphs are 

compared. 

III. EQUIPMENT AND METHODOLOGY 

A. Piezoelectric Accelerometer 

A piezoelectric accelerometer is an accelerometer that 

employs the piezoelectric effect of certain materials to 

measure dynamic changes in mechanical variables (e.g., 

acceleration, vibration). 

1) Working of Piezoelectric Accelerometers 

Piezoelectric accelerometers rely on the piezoelectric effect 

of quartz or ceramic crystals to generate an electrical output 

that is proportional to applied acceleration. The piezoelectric 

effect produces an opposed accumulation of charged 

particles on the crystal. This charge is proportional to 

applied force or stress. A force applied to a quartz crystal 

lattice structure alters alignment of positive and negative 

ions, which results in an accumulation of these charged ions 

on opposed surfaces. These charged ions accumulate on an 

electrode that is ultimately conditioned by transistor 

microelectronics. 
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Fig. 1: Cross section of piezoelectric accelerometer 

The accelerometers are mounted on the vehicle. In 

this the mounting was done on front axle. Rear axle and on 

the body of the vehicle. The values of bounce and roll of the 

vehicle was estimated from the accelerometer. 

B. Road Profiles 

In this experiment two types of bumps are considered for 

getting experimental values of vibrations through 

accelerometer. These are height bump and other one is depth 

bump. The vehicle with mounted accelerometer is passed 

through these two bumps and there results are studied. The 

cross sections of two bumps are: 

1) First Bump 

 
Fig. 2: Cross section of height bump 

2) Second Bump  

 
Fig. 3: Cross section of depth bump 

C. Half Car Model 

A  half-car  model  is  a  two  wheel  model  (front  and  

rear)  for  studying  the  heave  and pitch motions. This four 

degree-of-freedom model allows the study of the heave and 

pitch motions with the deflection of tires and suspensions. A 

half-car model is relatively  simple to analyze then  a  full  

3-D  vehicle  model  yet  it  can  reasonably  predicts  the  

response  of  the  system. Therefore many researchers often 

use it. Half-car model unlike quarter-car model where only 

one wheel is analyzed half-car model considers two wheel, 

viz. one front and one rear wheel. In this type of models half 

of the weights of the entire car including that of passengers 

are considered for analysis purpose. The main advantages of 

this type of models are that vehicle pitch motions can be 

simulated and front and rear dampers and spring 

characteristics can be modeled differently which is also 

different on the actual vehicle. 

 
Fig. 4: Working Model 
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The simulink model using these equations is 

represented as: 
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Fig 5 Simulink model of equations 

D. Experimental Procedure 

1) The piezoelectric sensor was mounted on the 

different parts of vehicle. 

2) 1
st
 sensor was mounted on the front axle, 2

nd
 on the 

rear axle, and 3
rd

 on the body of the vehicle  

3) These sensors were connected to the data 

acquisition unit called coordinators with the help of 

various wires. 

4) All the wires were connected to the X, Y and Z 

axis of the sensor to the same port of the 

coordinator marked as X, Y and Z axis.  

5) These coordinators were then connected to the 

controller unit which was used to START and 

STOP the all the coordinator units at the same time. 

The time gap between the coordinators was 

vanished. 

6) Also all coordinator units had a SD card port to 

store the readings in excel sheet. 

7) The sensor records 800 reading per second (that 

was about 22000 reading in one experiment) which 

were then used to plot different graphs for vehicle 

dynamics. 

8) When the vehicle stopped the OFF button was then 

pressed to stop the readings and the data was then 

transferred to the laptop with the help of card 

reader. 

IV. RESULT AND DISCUSSION 

First of all the representation of the experimental data 

obtained from the accelerometer were provided here in 

further few graphs. These graphs are calibrated in 

acceleration (g) at x-axis and time in seconds at y-axis. The 

following results are considered: 

A. Bouncing of Road Profile 1 

This represents the bounce of the vehicle body. The value 

varies 2.5g max and -1.5g min.  

 
Fig. 6: Body bounce 

Similarly the next graph represents the bounce of 

the front axle. Accelerometer gives the readings for the 

bounce and is presented in the form of graph here. The max 

value while passing on the bump is approx 4.9g and min 

value is approx -2.8g. 
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Fig. 7: Front axle bounce 

The third graph represents the bounce of the rear 

axle. The maximum value of acceleration is approx 2.3g and 

minimum value of the acceleration is approx -1.7g. 

 
Fig. 8: Rear Axle bounce 

B. Rolling of Road Profile 1 

The representation of the rolling of the vehicle body is now 

being presented in following graph at same height and width 

of the bump as above. Here X axis represent the time (sec) 

while the Y axis shows the acceleration (g). Maximum and 

minimum value of rolling varies from 1.4g to -1.6g. 

 
Fig. 9: Body roll 

The rolling of front axle shown in the following 

graph. The max value of roll of front axle is 4.5g while the 

minimum value of roll is -4g. 

 
Fig. 10: Front Axle roll 

The rolling of rear axle is shown in the following 

figure. The maximum value of rolling in the graph is 4.7g 

(approx) and minimum value is -6.3g (approx). 

  
Fig. 11: Rear axle Roll 

C. Bouncing of Road Profile 2 

This graph represents the bounce of the body while testing 

the vibration on second road profile. The acceleration is 

presented on the Y axis while the time is presented on the X 

axis. The maximum value of acceleration is 5.9g while the 

minimum value is -5.9g.  

 
Fig. 12: Body bounce 
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This graph represents the bounce of the front axle 

of the vehicle. The maximum and minimum value is 7g ang 

6g respectively. 

 
Fig 13 Front Axle Bounce 

The following graph tells the bounce of the rear 

axle of the vehicle. The maximum value of acceleration is 

1.9g and minimum value of acceleration is -2.9g. 

 
Fig. 14: Rear Axle Bounce 

D. Rolling of Road Profile 2 

This graph depicts the roll of the body at the given bump of 

the road. The maximum acceleration is 4g and minimum 

acceleration is -2.5g. 

 
Fig. 15: Body Roll 

Similarly the graph shows the roll of front axle. 

The maximum value is 1.9g and the minimum value is -3g. 

 
Fig. 16: Front Axle Roll 

The third graph depicts the roll of the rear axle.  

The maximum acceleration is 2.6g approx and the minimum 

value of acceleration is -3g. 

 
Fig. 17: Rear Axle roll 

The parameters of the vehicle are used to find the 

vibration of the various parts. These parameters are put in 

the simulink model which is constructed to get the vibration 

of the various parts. The results of the simulink model after 

putting the parameters of the vehicle are represented in the 

further three graphs and these results are compared with the 

optimized ride comfort results for getting the best solution.  

This graph depicts the vibration of the rear axle of 

the vehicle. This is also a simulation result provided from 

the simulink model. In this, when the vehicle pass the bump 

the impact is very much. Then with the pasage of time the 

impact decreases and become zero. The maximum value of 

acceleration is 1.2g and the minimum value is -1g.  

 
Fig. 18: acceleration in Vehicle 
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E. Evaluation of Ride Comfort 

By using the above formulas for the ride comfort and road 

holding the table is generated which shows the values of the 

ride comfort, road holding and suspension travel. These 

values are calculated at different speeds and at different 

stiffness and damping coefficients. Three types of bumps are 

considered. These are of different height and width. It is 

estimated that the minimum value of ride comfort is 

considered as a best at different stiffness and damping 

coefficient. The ride comfort table represented as follow: 

Suspension stiffness 

K (N/m) 

Damping Coefficient 

C (N-s/m) 

Velocity of vehicle 

(km/h) 
Ride Comfort Road Holding 

Satlling Time 

(sec) 

Bump of width = 25cms and height = 16cms 

134000 2500 
10 1.438 0.0056 3 

15 2.945 0.0379 5 

170000 2000 
10 2.274 0.0228 4.3 

15 3.149 0.0343 6 

Bump of width = 25cms and depth = 22cms 

134000 2500 
10 1.657 0.003 4 

15 2.984 0.00834 5.6 

170000 2000 
10 1.945 0.0145 3.5 

15 2.467 0.0367 5 

Bump of width = 25cms and height = 10cms 

134000 2500 
10 0.956 0.0034 4.7 

15 1.683 0.00754 6 

170000 2000 
10 1.329 0.0067 3.8` 

15 1.992 0.0436 5 

Table 1  Effects of stiffness and damping on ride comfort and road holding 

From this table it is evident that the speed 10 km/h 

is the best speed for the ride comfort. As the value of the 

ride comfort is much less than at other speed that we have 

taken. But for reduce the vibration optimal stiffness and 

damping should also be chosen which will be regarded as 

the best solution. So for finding optimal solution the 

optimization of the system was done by RMS method using 

the DOE software.  

F. Results of optimization technique 

The optimization was done in DOE software. In this 

optimization the L27 method was used to get the optimal 

solution. In this method the 4 factors were considered that 

was stiffness of front and rear suspension and damping of 

the front and rear shock absorber. In all the factors there are 

3 levels. The optimization was done at the speed of 10 km/h. 

In this table factors and levels are shown. 

Level 

Factor 

K1 K2 C1 C2 

(N/mm) (N/mm) (Ns/mm) (Ns/mm) 

1 134 130 2.5 2.4 

2 170 156 2.0 1.9 

3 190 160 2.3 2.1 

Table 2 Factors and Levels of DOE 

After importing the values of different factors the 

orthogonal array run on the software which gives the results 

of orthogonal experiment in the form of codes. 

Exp. 

No. 

Factors 
Overall RMS 

(g) 
1 2 3 4 5 6 7 8 9 10 11 12 13 

K1 K2  K1*k2 C1  K1*C1  C2 K1*C2 K2*C1 K2*C2 C1*C2 

1 1 1 3 2 1 2 2 3 1 2 1 3 3 0.0234 

2 2 1 1 1 1 1 3 3 2 1 1 2 1 0.0243 

3 3 1 2 3 1 3 1 3 3 3 1 1 2 0.0198 

4 1 2 2 1 1 2 2 2 3 1 3 1 1 0.0234 

5 2 2 3 3 1 1 3 2 1 3 3 3 2 0.0254 

6 3 2 1 2 1 3 1 2 2 2 3 2 3 0.0234 

7 1 3 1 3 1 2 2 1 2 3 2 2 2 0.0256 

8 2 3 2 2 1 1 3 1 3 2 2 1 3 0.0247 

9 3 3 3 1 1 3 1 1 1 1 2 3 1 0.0238 

10 1 1 1 1 2 3 3 1 3 2 3 3 2 0.0240 

11 2 1 2 3 2 2 1 1 1 1 3 2 3 0.0276 

12 3 1 3 2 2 1 2 1 2 3 3 1 1 0.0236 

13 1 2 3 3 2 3 3 3 2 1 2 1 3 0.0215 

14 2 2 1 2 2 2 1 3 3 3 2 3 1 0.0241 

15 3 2 2 1 2 1 2 3 1 2 2 2 2 0.0275 
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16 1 3 2 2 2 3 3 2 1 3 1 2 1 0.0236 

17 2 3 3 1 2 2 1 2 2 2 1 1 2 0.0218 

18 3 3 1 3 2 1 2 2 3 1 1 3 3 0.0234 

19 1 1 2 3 3 1 1 2 2 2 2 3 1 0.0202 

20 2 1 3 2 3 3 2 2 3 1 2 2 2 0.0235 

21 3 1 1 1 3 2 3 2 1 3 2 1 3 0.0265 

22 1 2 1 2 3 1 1 1 1 1 1 1 2 0.0191 

23 2 2 2 1 3 3 2 1 2 3 1 3 3 0.0202 

24 3 2 3 3 3 2 3 1 3 2 1 2 1 0.0221 

25 1 3 3 1 3 1 1 3 3 3 3 2 3 0.0226 

26 2 3 1 3 3 3 2 3 1 2 3 1 1 0.0191 

27 3 3 2 2 3 2 3 3 2 1 3 3 2 0.0256 

Table 3 Results of Orthogonal Experiment 

Further the range analysis was done in the software 

for the above orthogonal results. This will simplify the result 

further. Table to show the range of result analysis is 

 K1 K2  
K1*K

2 
C1  

K1*C

1 
 C2 

K1*C

2 

K2*C

1 

K2*C

2 

C1*C

2 

y j1 
2.34

5 

2.26

4 

2.23

4 
2.254 

2.5

4 

2.21

6 
2.265 

2.21

4 

2.01

2 
2.245 2.220 2.243 2.245 

y j2 
2.24

3 

2.22

3 

2.21

7 
2.234 

2.2

3 

2.21

7 
2.258 

2.20

9 

2.15

6 
2.238 2.218 2.157 2.254 

y j3 
2.23

6 

2.23

2 

2.17

3 
2.225 

2.0

5 

2.13

4 
2.262 

2.21

3 

2.46

7 
2.243 2.213 2.168 2.234 

Rang

e 

0.07

4 

0.03

7 

0.06

1 
0.018 

0.3

4 

0.01

9 
0.024 

0.00

8 

0.42

6 
0.007 0.017 0.134 0.018 

Table 4 Range Analysis of Orthogonal Results 

Therefore the RMS of weighed acceleration with different 

level combination are 

 K21 K22 K23 

K11 0.02435 0.02432 0.02435 

K12 0.02363 0.02176 0.02236 

K13 0.02378 0.02340 0.02346 

Table 5 RMS of the Weighted Acceleration with different 

level combination of front and rear spring 

 C21 C22 C23 

C11 0.02254 0.02435 0.02653 

C12 0.01867 0.02745 0.02537 

C13 0.01923 0.02243 0.02132 

Table 6 RMS of the Weighted Acceleration with different 

level combination of front and rear suspension damper 

V. CONCLUSION 

1) Bounce and roll of the various parts (like front axle, real 

axle and body) were determined by the accelerometer 

and were presented in the form of graphs. 

2) Then the half car model was constructed and there 

equations were obtained to construct the simulink 

model to get the initial results. 

3) The equations were built in matlab simulink and 

parameters were put in the matlab to get the graphs 

between acceleration and time and these graphs were 

studied properly for further optimization. 

4) The formulas were generated for the ride comfort and 

road holding to get the optimum speed for ride comfort 

of the vehicle.  

5) Then optimization of the result was done by using the 

DOE software and using RMS technique that was L27 

method for optimize the ride comfort results and the 

combination of stiffness and damping was obtained 

from the optimization model which was further the best 

solution for the ride comfort. 

6) This combination was used to obtain the optimized 

graph which was then compared to the initial graph and 

this optimized graph gives the best result for controlling 

the vibration and the equally good ride comfort was 

obtained.  

7) Further simulation analysis shows that the ride comfort 

is obviously improved at the other higher speed when 

applies optimal suspension parameter obtained. 
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