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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.

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 & 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/dt 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:

2
M?tf:B(@—ﬂj+k(x—y) (1)

dt dt

d’y Bdy Bdx k
— == — )
dt© Mdt Mdt M

2

The vertical component of the car acceleration is the function of the car horizontal velocity. At

2
t
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)= g(l - cos(%n 0<s<L

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

>>H=10;

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

>> plot(s,H)

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

>> plot(s,x)
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>> 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.

10

H. cm

=
5, Cim
Figure 2 - The model of the road roughness

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

x(s)z%(]—cos(2iz)0tjj

dc H : (27wot)
— =—7v,sin
L

dt

By using the change of variables

Y=z5

dy _dz; __ d’y _dz,  Bdy k  Bdx

., —Z, -
drdt P ar At Mdt MD M de

k

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
g=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*pi*V0*sin(2*pi*VO0*t/L);
% the roughness of the road is in the range of 0 < S < 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

cle

global MKBVOHL

M=450;

K=35000;

B=7300;

z10=0;

z20=0;

accel=zeros(1000);

1=1;

V0=20;

H=0.05;

L=0.8;

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

z0=[z10; z20];

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

1ii=0;

aa=zeros(1000,1);

>> opt=odeset('RelTol', 1e-8);
[t,z]=oded5(@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

0.01

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:
cle

global MKBVOHL

M=958;

K=35000;

B=7300;
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z10=0;

z20=0;

accel=zeros(1000);

1=1;

V0=20;

H=0.05;

L=0.8;

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

z0=[z10; z20];

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

1ii=0;

aa=zeros(1000,1);

>> opt=odeset('RelTol', 1e-8);
[t,z]=oded5(@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

x 10°  displacement velocity

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.

x 10° displacement velocity
8 I I I 0.4
| |
e R B L SR R
| | |
| | 0.2F-f-f-A-----f -
7 T |
‘ l 0.1f -~ R G R
| | |
20 o
| | | |
| | | | | |
0 | | | 0.1 | | |
0 0.02 0.04 0.06 0.08 0 0.02 0.04 0.06 0.08

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)
cle

global MKBVOHL

M=958;

K=20000;

B=21900;

z10=0;

z20=0;

accel=zeros(1000);

i=1;

V0=20;

H=0.05;

L=0.8;

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

z0=[z10; z20];

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

11=0;

aa=zeros(1000,1);
opt=odeset('RelTol', 1e-8);
[t,z]=oded45(@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
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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.

K.A.Ka6bl16exoB', X.K.AG6apaxmanosa’,
I.A.Cangaxmeros’, E.B. Hcaes', B.1II. Kexeadaes'

1M.28ye3013 atpiHgarsl OHTYCTiK Kazakcran Mmeminexkertik yHuBepcuteri, Lsimkent, Kazakcran;
Onrycrik KazakcTan MeMJIeKeTTiK eAarorukansiK yauepcureri, [bimkenT, Kazakcran

ABTOMOBMJIbAIH KEAEPTI'TAEH OTYIH 3EPTTEY

Annotanusi. Matlab xyifecinne aBTOMOOWMIIIIH KeIEprilleH eTyiH ecenTey MeH OelHeley YCHIHBUIAJIBL.
[TpoGnemaHBl TY)XBIpBIMZAY, AaBTOMOOMJI MEH KEICpriHiH KepiHic MOjedi, MOAENIEeYAiH mapamerpiepi
(aBTOMOOMIIIIH Maccachl MEH JKbULIaMIBIFBI, ACTIAHBIH CEPIIMIITIK XKoHE AeMI(epiik kodhduuenTrepi, Kemepri
mapaMeTpIepi: eHi MeH OHWIKTIri) JKoHe KeAEPTileH oTy MPOIeCiHIH MaTeMaTHKAIBIK MOAETI KenTipinred. JKommpry
TEeric eMecTiriHiH mapamMeTpiepi ecenrernmin, OeHHeneHreH. ABTOMOOIINIH KEACPTiACH 6Ty KO3FAIBICHIH €CeNTey
MeH OeiiHesney yuriH polizei.m attel m-¢aiin Kypacteipsuirad. EcenTey HOTHKenepi aBTOMOOWIIIH Maccaliapsbl,
aCIaHbIH CePIMIMILTIK KiHe AeMidepaik KodhGUIMEHTTEpl OPTYPII JKaraaiaapblHIAFsl BEPTHKAIT ©C OOMBIHIAFBI
’KOHE OChl OCTI aifHana KO3FaJbICBIHBIH JKbUIIAMIBIKTApbIHBIH TpadukTepi OepinreH. Ecenrey meH OeiiHeney
HOTHKENEpi TaJKbUIaHFaH. baraapiama aBTOMOOMITL MaccachlH, KeIepri apaMeTpiIepiH, JKOIIbIH Teric eMEeCTIKI1HIH
OMIKTIT'iH ©3repTill SKCIePUMEHTTED JKacayFa MYMKIHILLIIK Oepe/i.

Tyiiin ce3nep. ABTOoMOOMI, Macca, acna (T0/BECKa), KeJepri napaMerpi- eHl »oHe OWiKTIri, BEepPTUKAIb OC
OolibIH A XKoHE OHBI aifHaIa KO3FalIyBl.

K.A.Kaﬁbmﬁelconl, X.K.AﬁﬂanMaHOBaz,
IL.A.Cangaxmeros’, E.B. Hcaes', B.III.Kexen6aes'

'FOsxH0-KazaxcTaHckuii rocyapcTBeHHbIi yHIBepcHTeT MM. M. Ay330Ba, IlIbiMkenT, Kazaxcra;
JOxn0—Kasaxcranckuit TOCyIapCTBEHHBIH MeAarornueckuii yausepcuret, LIsmvkenT, Kasaxcran

HNCCJIEJOBAHUE HAE3JJA ABTOMOBWJISA HA IIPEIISITCTBUE

Annotanus. [Ipennmaraercs mporpaMma pacuera W BH3yallM3alldM Hae3lla aBTOMOOWIIS Ha IPEISITCTBHE B
cucreme Matlab. IlpuBenensl QopmynupoBKa NpoOJIEMBI, MOJAENIN aBTOMOOWJIS M TNPENATCTBUS, IapaMeTpbl
MOJIETIMPOBaHMs (Macca aBTOMOOWIIS; CKOPOCTh aBTOMOOWJISL, HapaMeTpsl IOABECKH: Kod(duIMeHT yrnpyrocta u
KO3 pureHT 1eMIUPOBaHNs, MMapaMeTphl IPENSTCTBUA: IIMPUHA, BRICOTA, TPO(HIIL) U MaTeMaTHndecKass MOIEITh
nporecca Hae3zna. [IpoBeneH pacyer W BH3yanu3anus npodMIs HEPOBHOCTH Aoporu s pacuera M BH3yaln3aluu
JIBIODKEHUST aBTOMOOWIIS co3/laH m-(aiiin mox HazBaHUeM polizei.m. Pe3ynpTaTsl pacdeToB mpencTaBlieHbl B TpauKax
HepeMenIeHss BOKPYI BEPTHKAIBHONH OCH M CKOPOCTH BJOJb BEPTUKAIBHOW OCH HPH PAa3IMYHBIX Maccax
aBTOMOOWIA M KO3((UIMEHTOB ynpyroctd u IeMndupoBaHus moiaBecKu. OOCYXKIEHBI pe3ylbTaThl PacueToB M
BU3YaJIM3aLHN.

HporpaMMa MO3BOJIACT NPOBOJUTH IKCIICPUMEHTBI C M3MCHCHHUCM INMUPHUHBI U BBICOTHI HEPOBHOCTHU OOPOTH,
Maccy aBTOMOOMIISL, TapaMeTPOB MOABECKH.

Ki1roueBble ciioBa. ABTOMOOMIIb, Macca, 1MoJIBECKa, NPO(MIIb NPENsTCTBHSA- IIUPHUHA U BBICOTA, NIepeMellIeHHe
BOKPYT U BJIOJIb BEPTHKAJIBHOW OCH.
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