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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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Formulation of the problem. The car (fig.1) moves on the flat road and collides with an artificial
obstacle, the so called “sleeping policeman™ or “speed bump”. Let us consider the kinematics and
dynamics of the car’s motion.
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Figure 1 - The car collides with an artificial obstacle

The car model. Let's consider the collision only of one wheel of the car with The horizontal
component of the car’s velocity doesn’t change. The action of the obstacle causes only the production of
the vertical motion of the car. The wheel when driving completely repeats the obstacle’s profile. The
suspension consists of an elastic spring (K) and a damper (B).

Parameters of the modeling. The mass of the car, the velocity of the car. The parameters of the
suspension: the coefficient of elasticity and the damping coefficient. The parameters of the obstacle: its
width, height and profile, elastic properties and the damping parameters.

Mathematical model. When the wheel collides with the obstacle the wheel moves along the vertical
direction. This displacement is described by a variable x. The action of the road is transferred to the car
body by the aid of suspension (the spring with rigidity 4 and the damper with damping coefficient B).
Power action by means of spring is defined by the relative motion of the car body described by the
displacements x and y. Power action of the damper is defined by the relative velocities of these
displacements dx/df and dy/dt. In the equation of motion we will neglect the continuous action on the car
body which is compensated by equal in magnitude and oppositely directed elastic force of the spring Mg =
kAx. By taking into account the above made suggestions and using the Newton’s second law we get the
following equation describing the motion of the car:
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The vertical component of the car acceleration is the function of the car horizontal velocity. At

dr’
the same time the profile of the road makes a significant contribution to this acceleration. Let us take the
following function as the mathematical model of the road roughness:

x(s)= %(1 - cos(%)} 0<s<L

Visualization of the profile of the road roughness at H= 10 cm and L = 100 cm.
>>cle

>>H=10;

>>L=100; s=0:1:L;

>> plot(s,H)

>> x=(H/2)*(1-cos(2*pi*s/L));

>> plot(s,x)

— 112 ——



ISSN 1991-346X 5.2019

>> orid 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.

cm

5. cm
Figure 2 - The model of the road roughness

At the constant horizontal component of the car velocity S = vo the function determining the road
roughness and its derivative are given by the expressions:

o-g{r-e{5]

By using the change of variables

dy_d, . dy_d,  Bdy k_ Bdr k
y:ZIJ _:_2227 _____ y+__+_
dt dt dr’ dt Md M~ Md M

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 MKB VOHL
2=9.81; % free fall acceleration
dzdt=zeros (2,1); % vector column
s=VO0*t;
x=H/2*(1-cos(2*pi*s/L));
xdot=H/L*p1*V0*sin(2*pi*V0*t/L);
% the roughness of the road is in the range of 0 <S5 < L
if s> L
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 MKB VOHL

M=450;

K=35000;

B=7300;

z10=0;

720=0;

accel=zeros(1000);

1=1;

V0=20;

H=0.05;

L=0.38;

% L/V0 —the time of motion on the roughness
tmax=2*L/VO0;

z0=[z10; z20];

dt=[0 tmax];
dt=0:tmax/500:tmax;

11=0;

aa=zeros(1000,1);

>> opt=odeset('RelTol', 1¢-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

displacement velocity
0.015 1

0.01 /\ 0.5 /
0.005 0 / \ . —
Vi

0 -0.5
0 0.02 004 006 008 0 002 004 006 0.08

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 MKB VOHL

M=958;

K=35000;

B=7300;
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z10=0;

720=0;

accel=zeros(1000);

1=1;

V0=20;

H=0.05;

L=0.38;

% L/VO - the time of motion on the roughness
tmax=2*L/VO0;

z0=[z10; z20];

dt=[0 tmax];
dt=0:tmax/500:tmax;

11=0;

aa=zeros(1000,1);

>> opt=odeset('RelTol', 1¢-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
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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.
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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 MKB VOHL

M=958;

K=20000;

B=21900;

z10=0;

720=0;

accel=zeros(1000);

1=1;

V0=20;

H=0.05;

L=0.38;

% L/VO - the time of motion on the roughness
tmax=2*L/VO0;

z0=[z10; z20];

dt=[0 tmax];

dt=0:tmax/500:tmax;

11=0;

aa=zeros(1000,1);
opt=odeset('RelTol', 1¢-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.
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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
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visualization of the profile of the road roughness. The m-file titled “polizeim™ 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 ¢lasticity 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.

K.A. Kaobuitexon!, X.K.AGapaxmanona’?,
ILA.Cangaxmerosn!, E.B. Hcaen!, B.IIL Kegenfaen!

'M.Oye30B atemmars ORTyCTik KazakcTtan MmeMiekeTTik yauepeuteTi, [lbmvkent, Kasakcran;
2Omnrycrik Ka3akcTan MEMIIEKETTIK MEIATOTHKANBIK, yHEBEPCHTETI, IIbmvMkenT, KazakcTan

ABTOMOBMJBAIH KEJAEPTTIEH OTYIH 3EPTTEY

Annoramusi. Matlab xyliecinae aBTOMOOHWINIH KEACPTricH OTYiH ecemTey MEH OCHHENEY YCHIHBLIAIBL
[TpoOnemanbl TYKBIPBIMAAY, AaBTOMOOWJI MEH KCACPTIHIH KOpIHIC MOZACH, MOACHACYAIH IapaMeTpliepi
(aBTOMOOMITIIH, Maccachl MEH >KbUTAAMABIFBI, ACHIAHBIH CEPIIMILIK XoHE AeMI(epmik ko3pOuuueHTTEPi, Keaepri
mapaMeTpiCpi: CHi MCH OHMIKTIT1) JKOHE KCACPTIACH OTY MPOICCIHIH MATCMATHKAJIBIK MOACTI KenripiareH. JKommbrH
TETIC EMECTITiHIH mapameTpiepi ecenremin, OCHHEICHICH. ABTOMOOMIIIH KEACPTINCH 6Ty KO3FAJbBICHIH ECENTEY
MCH OcftHeney ymiH polizeim arTel m-(aiin KypacteipburaH. ECenTey HOTIKSICPI aBTOMOOHIIIH MAacCalapsl,
aCmaHbIH CEePHmIMIITIK kiHe AeMrpeprik ko3pduumeHTTepi opTypI *KarmalIapbIHAAFbl BEPTHKATI 6C OOWBIHIAFHI
JKOHC OCHI OCTi alfHama KOBFANBICBIHBIH JKbLITAMIBIKTAPHIHBIH rpadukrepi Ocpinmren. Ecemrey meH OcitHency
HOTIDKETIEPI TANKbIIaHFaH. baraapiamMa aBTOMOOHMIs MACCACHIH, KEIEPTl TAPAMETPIICPIiH, SKOIABIH TETIC EMECTIKTIHIH
OMIKTITIH 63rePTII SKCIEPUMEHTTEP >KacayFa MYMKIHIILIIK Oepei.

Tyiiin ceszaep. ABTOMOOMI, Macca, acma (TOIBECKA), KCACPTi MapaMeTpi- €Hi KOHC OHWIKTITI, BCPTHKAIL 6C
OOMBIHIA YKOHC OHBI AlfHATIA KO3FAIYEL

K.A.Kaobuitexon!, X.K.AGapaxmanona’?,
ILA.Cangaxmeros!, E.B. Hcaes!, B.IILKegenfaen!

sKHO-Ka3axcTaHCKuil roCy JapCTBEHHBIN yHUBEpCHTET UM. M. Ay330Ba, [IIsmvkeHT, Ka3axcran;
10 K M.A; 11 K
2I0u0—-Ka3axCTaHCKHI TOCYIAPCTBEHHBIN nenaroruueckuii yausepcurer, [lsmvrkent, Kasaxcran

HCCIENOBAHUE HAE3JJA ABTOMOBWJIA HA IIPEIIATCTBHUE

Annotramusi. [Ipenmaraercst mporpaMma pacdera W BH3YAIM3alUH HAE3Ja aBTOMOOWIL HA IPEIITCTBHC B
cucreme Matlab. TlpusencHsl (OpPMyTHPOBKA NPOOJICMBL, MOACTH ABTOMOOWIA W TPCIHITCTBHA, TNAPAMCTPHI
MOJICTHPOBAHMS (Macca aBTOMOOWIII, CKOPOCTh ABTOMOOWIIL, IApaMETPhl MOABECKH: KO3((UIMEHT yIpyrocTH u
k03 pumeHT neMprmpoBaH, MApaMETPHl MPEMATCTBYUS: IMUPHHA, BHICOTA, MPO(HIB) U MATEMATHIECKAS MOICITb
mporiecca Haezaa. [IposeneH pacuer u BH3yamm3amus Mpoduist HepoBHOCTH Joporu [t pacuera M BH3yaIW3aluu
JBIDKCHHS aBTOMOOMIIA CO30aH m-(aitn moa Ha3BaHHEM polizei.m. Pe3yasTaTs! pacueTOB MPESACTABICHBI B TPAHKAX
TEPEMEIICHUST BOKPYT BEPTHKAIbHOW OCH W CKOPOCTH BJOJb BEPTHKAIBGHON OCH INPH Pa3IMYHBIX MAaccax
aBTOMOOMWIA W KO3(PPHIUCHTOB yIpyrocTH W aeMO(pupoBaHmsa moaBecku. OOCYKACHBI PE3yIbTATHL PACUCTOB H
BH3YaJH3AIHH.

[TporpaMma mO3BOISIET MPOBOAMTH IKCHCPHUMEHTHI C M3MCHEHHEM IMHPHHBI M BBICOTHI HEPOBHOCTH JOPOTH,
Maccy aBTOMOOMIII, MAPAMETPOB ITOIBECKH.

Kirouerbie ci1ioBa. ABTOMOOHIb, MACCA, MOABSCKA, MPO(PHIID MPCIATCTBUA- IMHPHHA M BBICOTA, ICPCMCIICHIC
BOKPYT U BAOJb BEPTHUKAIBHOH OCH.
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