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RESEARCH OF A CAR COLLISION WITH AN OBSTACLE 
 
Abstract. The article considers the calculation and visualization of collision of a car with an obstacle by using 

the Matlab software.  It contains the formulation of the problem, car and obstacle models, modeling parameters (the 
mass of the car, the speed of the car, parameters of the suspension: width, height, profile) and mathematical model of 
the collision profile. There are the calculation and visualization of the profile of the road roughness. The m-file titled 
“polizei.m” is created for calculation and visualization of the car’s motion. Calculation results are presented in 
graphs of displacement around a vertical axis and speed along the vertical axis at a various mass of the car, 
coefficients of elasticity and damping of the suspension. There is also the discussion of the results of the calculation 
and visualization. The program allows making experiments with a change of width and height of roughness of the 
road, of the mass of the car, of suspension parameters. 

 Keywords. Car, mass, suspension, profile of the obstacle, width and height, displacement around and along the 
vertical axis. 

 
Introduction 
Nowadays all educational institutions of Kazakhstan are provided with computer hardware and 

software, interactive boards and internet. Almost all teachers have completed language and computer 
courses for professional development. Hence the educational institutions have all conditions for using 
computer training programs and models for performing computer laboratory works. In recent years the 
new computer system Matlab for performing mathematical and engineering calculations is widely used in 
university and engineering researches throughout the world [1-7]. Unfortunately, the numerical 
calculations which are carried out by students often are done by means of the calculator that is almost 
manually. Modern computers are frequently used only for presentation of the work. Actually, students 
should be able not only to solve these or other engineering problems, but also do them by using modern 
methods, that is, using personal computers. 

Students of the physics specialties 5B060400 and 5B011000 successfully master the discipline 
“Computer modeling of physical phenomena” which is the logical continuation of the disciplines 
“Information technologies in teaching physics” and “Use of electronic textbooks in teaching physics”. The 
aim of this discipline is to study and learn the MATLAB program language, acquaintance with its huge 
opportunities for modeling and visualization of physical processes.  

In our early works [8-28] we have shown the potentials of the Matlab software for modeling and 
visualization of physical processes in mechanics, molecular physics, electromagnetism and quantum 
physics where it have been used for solving the ordinary differential equations (ODE), for visualization of 
the equipotential lines of the systems of charged conductors and of the motion of charged particles in 
electric, magnetic and gravitational fields.  

The present article is devoted to calculation and visualization of the car’s collision with the obstacle 
by using the MATLAB software. 
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>> grid on 
>> xlabel('s, sm') 
>> ylabel('H,sm') 
>> title('x(s)') 
The diagram of this function for H = 10 cm and L = 100cm is presented in the fig.2 
It should be noted that the radius of the wheel mustn’t be greater than the radius of the curvature 

fitting to each point of the trajectory. 

 
Figure 2 - The model of the road roughness 

 
At the constant horizontal component of the car velocity S = 0t the function determining the road 

roughness and its derivative are given by the expressions: 
 

  cos 0H 2 t
x s 1

2 L

        
 

 

sin 0
0

dx H 2 t

dt L L

    
 

 

 
By using the change of variables 
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we reduce the equation of motion to the expression easy for integration with the help of procedure ode45. 
For calculation and visualization of the car motion we create the m-file titled “polizei.m”: 
function dzdt=polizei(t,z) 
global M K B V0 H L 
g=9.81; % free fall acceleration 
dzdt=zeros (2,1); % vector column 
s=V0*t; 
x=H/2*(1-cos(2*pi*s/L)); 
xdot=H/L*pi*V0*sin(2*pi*V0*t/L); 
% the roughness of the road is in the range of  0 ൑ ܵ ൑  ܮ
if  s൐  ܮ
x=0; 
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xdot=0; 
end 
dzdt(1)=z(2); 
dzdt(2)=-B/M*z(2)-K/M*z(1)+B/M*xdot+K/M*x; 
In the command line we write 
clc 
global M K B V0 H L 
M=450; 
K=35000; 
B=7300; 
z10=0; 
z20=0; 
accel=zeros(1000); 
i=1; 
V0=20; 
H=0.05; 
L=0.8; 
%  L/V0 –the time of motion on the roughness 
tmax=2*L/V0; 
z0=[z10; z20]; 
dt=[0 tmax]; 
dt=0:tmax/500:tmax; 
ii=0; 
aa=zeros(1000,1); 
>> opt=odeset('RelTol', 1e-8);  
[t,z]=ode45(@polizei, dt,z0, opt); 
subplot(2,2,1); plot(t,z(:,1)) 
title('displacement') 
grid on 
subplot(2,2,2); plot(t,z(:2)) 
grid on 
subplot(2,2,3); plot(t,aa(1:size(t))) 
grid on 
The result is presented in the fig.3 
 

 
 

Figure 3 - Displacement round the vertical axis (left graph) and velocity along the vertical axis 
at the mass of the car of M = 450 kg 

 
Now we change the mass of the car and in the command line we write: 
clc 
global M K B V0 H L 
M=958; 
K=35000; 
B=7300; 
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z10=0; 
z20=0; 
accel=zeros(1000); 
i=1; 
V0=20; 
H=0.05; 
L=0.8; 
%  L/V0 - the time of motion on the roughness 
tmax=2*L/V0; 
z0=[z10; z20]; 
dt=[0 tmax]; 
dt=0:tmax/500:tmax; 
ii=0; 
aa=zeros(1000,1); 
>> opt=odeset('RelTol', 1e-8);  
[t,z]=ode45(@polizei, dt,z0, opt); 
subplot(2,2,1); plot(t,z(:,1)) 
title('displacement') 
grid on 
subplot(2,2,2); plot(t,z(:,2)) 
title('velocity') 
grid on 
The result is presented in the fig.4 
 

 
 

Figure 4 - Displacement round the vertical axis (left graph) and velocity along the vertical axis 
at the mass of the car of M = 958 kg 

 
At the decrease of the spring rigidity till K = 20 000 the graph of the displacement round the vertical 

axis (left graph) and velocity along the vertical axis at the mass of the car of M = 658 kg doesn’t change 
(compare the fig.4 and 5). Here we give only the results in fig.5. 

 
 

Figure 5 - Displacement round the vertical axis (left graph) and velocity along the vertical axis 
at the mass of the car of M = 658 kg 
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Then we increase the damping coefficient up to K = 20 000 (the mass of the car is 958 kg) 
clc 
global M K B V0 H L 
M=958; 
K=20000; 
B=21900; 
z10=0; 
z20=0; 
accel=zeros(1000); 
i=1; 
V0=20; 
H=0.05; 
L=0.8; 
%  L/V0 - the time of motion on the roughness 
tmax=2*L/V0; 
z0=[z10; z20]; 
dt=[0 tmax]; 
dt=0:tmax/500:tmax; 
ii=0; 
aa=zeros(1000,1); 
opt=odeset('RelTol', 1e-8);  
[t,z]=ode45(@polizei, dt,z0, opt); 
subplot(2,2,1); plot(t,z(:,1)) 
title('displacement') 
grid on 
subplot(2,2,2); plot(t,z(:,2)) 
title('velocity') 
grid on 
The result is presented in the fig.6. 

 
 

Figure 6 - Displacement round the vertical axis (left graph) and velocity along the vertical axis 
at the mass of the car of M = 958 kg 

 
The figure 6 shows that the change of the damping coefficient significantly affects the displacement 

round the vertical axis and the velocity along this axis (compare figures 4 and 6). 
Assignments for individual work: 
9. Decrease the damping coefficient by 3 times till zero. How did the process change during the 

motion along the obstacle? After overcoming the obstacle? 
10.  Change the parameters of the obstacle. Consider the options of the narrow and low obstacle (the 

height and width are 10 cm and 40 cm, 10 cm and   100 cm, 4 cm and 100 cm)  
Conclusion. The article considers the calculation and visualization of the car collision with an 

obstacle by using the Matlab software. It contains the formulation of the problem, car and obstacle 
models, modeling parameters (the mass of the car, the speed of the car, parameters of the suspension: the 
width, height, profile) and the mathematical model of the collision profile. There are the calculation and 

0 0.02 0.04 0.06 0.08
0

0.005

0.01

0.015

0.02
displacement

0 0.02 0.04 0.06 0.08
-0.5

0

0.5

1
velocity



ISSN 1991-346X                                                                                                                                                   5. 2019 
 

 
117 

visualization of the profile of the road roughness. The m-file titled “polizei.m” is created for calculation 
and visualization of the car’s motion. Calculation results are presented in graphs of displacement around a 
vertical axis and velocity along the vertical axis at a various mass of the car, coefficients of elasticity and 
damping of the suspension. There is also the discussion of the results of the calculation and visualization. 
The program allows making experiments with a change of width and height of roughness of the road, of 
the mass of the car, of suspension parameters. 
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АВТОМОБИЛЬДІҢ КЕДЕРГІДЕН ӨТУІН ЗЕРТТЕУ 

 
Аннотация. Matlab жүйесінде автомобилдің кедергіден өтуін есептеу мен бейнелеу ұсынылады. 

Проблеманы тұжырымдау, автомобил мен кедергінің көрініс моделі, моделдеудің параметрлері 
(автомобилдің массасы мен жылдамдығы, аспаның серпімділік жəне демпферлік коэффициенттері,  кедергі 
параметрлері: ені мен биіктігі) жəне кедергіден өту процесінің математикалық моделі келтірілген.  Жолдың 
тегіс еместігінің параметрлері есептеліп,   бейнеленген. Автомобилдің кедергіден өту қозғалысын есептеу 
мен бейнелеу үшін  polizei.m атты m-файл құрастырылған. Есептеу нəтижелері автомобилдің массалары, 
аспаның серпімділік жіне демпферлік коэффициенттері  əртүрлі жағдайларындағы вертикал өс бойындағы  
жəне осы өсті айнала қозғалысының жылдамдықтарының графиктері берілген. Есептеу мен бейнелеу 
нəтижелері талқыланған. Бағдарлама автомобиль массасын, кедергі параметрлерін, жолдың тегіс еместікгінің 
биіктігін өзгертіп эксперименттер жасауға мүмкіншілік береді.  

Түйін сөздер.  Автомобил, масса, аспа (подвеска), кедергі параметрі- ені жəне  биіктігі,   вертикаль өс 
бойында жəне оны айнала қозғалуы.  
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ИССЛЕДОВАНИЕ НАЕЗДА  АВТОМОБИЛЯ НА  ПРЕПЯТСТВИЕ 

 
Аннотация. Предлагается программа расчета и визуализации наезда автомобиля на препятствие в 

системе Matlab. Приведены формулировка проблемы, модели автомобиля и препятствия, параметры 
моделирования (масса автомобиля; скорость автомобиля, параметры подвески: коэффициент упругости и 
коэффициент демфпирования,  параметры препятствия: ширина, высота, профиль) и математическая модель 
процесса наезда. Проведен расчет и визуализация профиля неровности дороги Для расчета и визуализации 
движения автомобиля создан m-файл под названием polizei.m. Результаты расчетов представлены в графиках 
перемещения вокруг вертикальной оси  и скорости вдоль вертикальной оси при различных массах 
автомобиля и  коэффициентов упругости и демпфирования подвески. Обсуждены результаты расчетов и 
визуализации.  

Программа позволяет проводить эксперименты  с изменением ширины и высоты неровности дороги, 
массу автомобиля, параметров подвески.     

Ключевые слова. Автомобиль, масса, подвеска, профиль препятствия- ширина и  высота, перемещение 
вокруг и вдоль  вертикальной оси.  
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