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Abstract: This paper deals with analyze the model of théllasng mechanical system with one degree of fored

In this article the vibration of the car seat wiltiver is solved. It is a problem that is commortechnical practice
in the assessment of driver comfort when drivingca. It presents the possibilities of physical niode

in Matlab/Simulink. When used, it is necessary ésalibe the studied system with dynamic equatidhs.task of the
paper is to create a mathematical model and compum@lation model. The results of these solutiarescreated in the
form of graphs.

1 Introduction 2. mathematical similarity - is the mathematical

Modeling of mechanical systems using availabléescription of systems and processes, o
software tools is a frequently occurring phenomenon 3. cybernetics similarity - mathematical similarity
in engineering practice. Compilation of the modeldn the behavior of the internal systems. System
systems, whether mathematical or dynamical express@formation in the internal structure and interwatiables
by mathematical modeling and  experimentafif€ unknown to us [1].
identification is the current issues in the engimee
industry. Such simulated respectively modeled tidna 3  External description of the dynamical
mechanical systems we can examine in Matlab systems

and Simulink. In modeling and simulating compute&tym | engineering practice we can meet the following
change the parameters systems conduct withoutisky rforms of external description of linear dynamic
disrepair [1]. systems [2]:
1. Differential equation

2 Modeling of the objects 2. The Laplace transform

Object modeling modeling process is a system where 3. Frequency response
certain criteria assigns physical or abstract motekre 4. Impulse response
are two types of models, original and abstract.tha 5. Transfer characteristics

original model can not perform experiments, as with 6. Nyquist response
abstract models, where we simulate real situations. 7. Bode characteristics
We create simulations with the help of mathematical

models and solution is done using numerical methods Modeling of mechanical systems

with differential equations in simulation programs. In studying properties in mechanical systems always
Abstract model we can compare with the originaje replace true system with the simulation modaf tas

model, but three types of similarities are knowtmjoll  the same properties. In examining of the dynamic

represent the characteristics of the model: phenomena are replacing real system with dynamic
1. physical similarity - the same substance of thgodel. For this then we compiled mathematical model

system and of the processes and also of the paemeln addressing vibration of mechanical — systems,
and state space parameters,
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constructed a mathematical model is describes thigh uprise, increased lateral edge opera guaranteekeed
system of differential equations [6]. and comfortable seating [2].

In order to derive analytical mathematical model
of car seat we can be based on a simplified madtés. is
essentially a mass m consist mass of drivgraar seat
and all devices for damping resilient suspensioth wi
mass m[3].

This mechanical system is a mass m mounted on the
frame with springs k and dampers b and load by the
b) gravitational force of the driver (Figure 4c). K the

mechanical system with one degree of freedom
of movement. The equation of motion is expressed
by linear differential equations with constant dméénts

In the initial phase of the analysis it is apprapei With the right side (1). After the creating of andynic
as first used simple models of mechanical systéms t ahd mathematical model it used to simulate the rarog
analyze the basic properties. Basic models canske u Matlab/Simulink [6], [7].
to describe the behaviour of different pieces
of equipment. There utilize for it the simple meuical
systems with one degree of freedom of movementeJyp
of simple vibration patterns in different types drfive
power are shown in Figure 1 to Figure 3 [1], [2].

F()

v

a)
Figure 1 Mechanical system a) mass and spring, b¥mspring
and damper

o

a) ‘ b)

. . . . . o—] r
Figure 2 Mechanical system E.i) excitation force aojonic m | y -
excitation jy
k b ;
In the following parts the article pays attention FrT TFb

derivation to derive the dynamical equations twedhe
mechanical system and its solution using Matlab_ . \
and Simulink [4-5]. Use them to derive dynamical Figure 4 Mechanical syste a) of carsea, b) model of thecar

. ! ) . seat, c) model with external excitation, d) modéh whe
equations using Newton's equations, the method reaction forces and external excitation
of release.

Solving the problem of system is considered with th
weight of car seat 20 kg and weight force of thivedr
100 kg . The weight of the car seat with the drigethen
m=120 kg. It is envisaged acceleration of gravity
g=9.81m3 the spring constant k=9600 N/m
and damping coefficient b=2400N.s/m. It is consider

Figure 3 Mechanical system with kinematic excitatio the excitation force that represents the gravitatidorce
of the driver of vehicle F=grg = 981N [3]. The system

The next part contains a model with one degresonsists of the mass m, which is mounted on thedra
of freedom, which is the car seat with driver and hwith the spring with spring constant k and damper

vibration. with the damping factor b (Figure 4b). In the npidture
the model is loaded with constant force F and
5 Mechanical system displacement of the system (Figure 4c) is y(t). @iben

Anatomic car seat (Figure 4) must meet the exactirgfluations of motion is made using Newton's laws of
requirements that are placed on the health, comforfotion. The seat is released from the bonds antidhés
convenience and safety. The emphasis is on utili§fe replaced by reactions as shown in Figure 4d.
ergonomic and aesthetic qualities and the abilty o Dynamical equation of the mechanical system
damping. The car seat is equipped with displacemedt is shown in form:
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my+by+ky=F (N Displacement and velocity y(t), v(t)
0.35 T
where h 3 3 { —— y=y()
m — mass of the car seat and driver [kg], 1 i A T v=v(D)
F — excitation force of driver [N], A L
. 0257 7 T i | T 7
k — spring constant [N/m], \ | | | |
b — dumping constant [N/(m/s)]. o.zﬁ————‘r ————— - e Fo---—
. . . . T S I - R
6 Numerical solution of differential ER | | |
equations in Matlab - ‘ T o T
Derived equation of motion in this chapter adjuste i g A U
to the system of two differential equations of tfiosder | | | |
[6]. These can also be resolved, for example, utieg T | | |
Matlab [14]. Equations are entered in m-files fatues: 005 l l ‘, ‘,
m=120 kg, k=9600 N/m, b=2400 N.s/m, F=981 N. 0 1 2 3 4 5
Marking: Eigure 5 Displ Time (Sec)d ocity of
' igure isplacement and velocity of car seat
X = y(t), )
X(2) = dy(t) @3) Dynamic system with car seat vibration is according
dt ' to the profile displacement and velocity stable][¥ter
we write the two first order differential equatiomsthe touch down on the car seat there is a transien, is/the
form: ultimate time practically ceased. After a reasoaggriod
dx@) of time will be displacement of car seat y = 98096
2 =x(2), ) 0.102 m.
dt
@ _ by K+ E ®) 7  Computer simulation in Simulink
dt m m 7.1 Differential equation of the mechanical
M-file in Matlab simulation [7]: system
% car seat and driver . Using Simulink [10] in this chapter shows how
E;;X[]g‘;j’?ﬁ?&%@ﬂﬁﬁ'@ﬁi""t'[O 51.[0:0D); to compile block diagrams by blocks located in egiéit
% [0:0] - Initial Condition, libraries Simulink, which is one of the best known
plot(tx) . and most widely used Matlab extensions. It usesaiiat
title( "Displacement and velocity y(t), [11] for modeling, simulation and analysis in arsya
xl(gbel()' Time (sec)  ): graphical user interface. Equations in the form:
label( 'y(t) . v(t) ): _ b, k_ .1
g on, ) y=-_y- y+F ©)
legend( y=y(t) ,v=v(t) ) . . m m ~m o
Function is in form: is used in the S|r_nulat|on program Matlab/&muhrﬂ_@][
function  dx=funkcia_seat(t,x) and from there is constructed a further block diagr
m=120; k=9600; h=2400; of the picture(Figure 6).
F=981;
dx=[x(2); -k *x(1) /m-b*x(2) /' m
+ F/m]; i
The results of the simulation are displacement gfif !
velocity v(t) of car seat with driver (Figure 5). Soopes o
Gain1 Integrator Integrator1 Scope

Gain y(@

_’E y(t)

Figure 6 Block scheme of the diffential equationiféSimulink

Gain2

k/im [«

From equation (4) and (5):

dy(t) _
el OF @

~ 15 ~

Copyright © Acta Mechatronica, www.actamechatronica.eu



2

‘;& Acta Mechatronica - International Scientific Journal about Mechatronics
‘5‘,’ # Volume: 1 2016 Issue: 4 Pages: 13-18 ISSN 2453-7306
o
=
9 W COMPUTER SIMULATION OF THE MECHANICAL SYSTEM WITH ONE DEGREE OF FREEDOM
% & Darina Hroncova; Alexander Gmiterko; Tomas Liptak; Mojmir Bruchanek
oy
dv(t) b k 1 Velocity v=v(t)
TR ‘EV(t) = y(t) o= F, (8) 0.35 ; : r
_ . _ . _ | | |
is compile the following block diagram (Figure 7). 037 ---- i R oo e
The results of the solutions are the same as wecteg ; ; ; ;
(Figure5). R R T
I L [ L o N
. | | | |
| 1 @ o \‘;/ | | | |
o[> fe—{d] a5 -} - - - mmmmdm o R REEERE
Gain Integrator y(t) : : : :
01l -4 --- L 4 - — — — — — JE
‘ | | | |
: i 005 ~ Y-t e
Step | | | |
y(t),v(t) 0 ) ; ; :
0 1 2 3 4 5
Integrator1 Time (sec)

Gain2

Gain1

v(t)

v(t)
Figure 7 Block scheme of the differential equafiofand (8)

Time course of kinematics variables of car seat and

driver are displacement (Figure 8), velocity (Fig@) and
acceleration (Figure 10) in graphical form [6], Efjown
below:

Displacement y=y(t)

0.1

008 f---1-----

y@®

0.04

|
|
l
4
Time (sec)
Figure 8 Displacement of the mechanical system

M-file in form:
figure(1)
set(1, 'Name' , 'Displacement y=y(t)' )

plot(Scope_y.time,Scope_y.signals.values

(:,1:1), '‘b" , 'LineWidth' , 1.5)

title( ' Displacement y=y(t)' )
legend( y=y(t) ),

xlabel(  'Time (sec)' )

ylabel( 'y ), ..

grid on

~16

Figure 9 Velocity of the mechanical system

Acceleration a=a(t)

9 \ \ r
! ! ! a=a(t
8F————~— e A - O
| | | |
[ - ___t_____/]
v | | | |
| | | |
(5] T A== [ [
| | | |
| L e A
5 | | | |
= | | | |
S 4f5----- T B i [ [
© | | | |
- - - - Lo do [ Lo ]
| | | |
| | |
s [ s
| | |
do I Lo
| | |
| | |
T T T
| | |
I t t
2 3 4 5

Time (sec)
Figure 10 Acceleration of the mechanical system

7.2 Transfer function of mechanical system
Transfer function of the system is defined in form:

G(s)=ﬁ ©)

u(s)

where
Y(s) — is Laplace s-domain of the time domain fiorct
y(t), the output of system,
U(s) — is Laplace s-domain of the time domain fiomct
F(t), the input force of system.
For initial condition in form y(0)=0, v(0)=0, we ite the
equation of motion (1) in next form [9]:

mY(9s? +bY(9s+kY(s)= U(s) (10)
Transfer function is shown in form:
1/m
S)= (11)
&) s? +(b/ ms+(k/m)

After compile the block diagram in Simulink (Figure
11) is the result of the solution of mechanicalteys
with using the transfer function of the system (&far
Fcn) the output y(t), which is the displacementtlod
mechanical system [14] ,[15].

~
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1/m
s2+b/m.s+k/m

Step

Scope1

Transfer Fcn

Figure 11 Simulation scheme with Transfer Fcn.
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Step

X' = Ax+Bu
y = Cx+Du

=

Scope1

State-Space
Figure 12 Block scheme with State Space

. For the comparison of the results is given in thilfing

Results of the simulation with block scheme N heme:
Simulink are identical with the course in Figure 8. '
. '= Ax+B
7.3  State - space of the mechanical system B > ?:c;((:ol: ]
~ State—space equ.ation of the mechanical system [7- State-Space
in matrix form we write:
d%gt) 0 1 X (t) 0 Step o Scopef
dv(t) ook b M Fl) a2 s2 +b/m.s+k/m
dt m m v (t) m Transfer Fcn

The most general state-space representation oéarli
system is written in the following form:

x(t)= A.x(t)+B.uft) (13)
y(t)=C.x(t)+ D.uft) (14)
can be written as:
X X
H:A{ }+B.F(t) (15)
v %
X
y= c{v }r D.F(t) (16)
The state space matrix are in the form:
0 1 0
A= _L _B ,B= 1. a7
m m m
c=[1 o] ,D=[0], (18)
writen as:
. 0 1 0
X X
{}: k b { }+ 1 .F(t) (19)
% -—— —-— ||V =
m m m
where

input u(t) is the excitation force F(t) and outp(t) is the
displacement,

u(t) - is called the input (or control) vector,

y(t) —is called the output vector,

X(t) — is called the state vector,

A - is the state (or space) matrix,

B — is the input matrix,

C —is the output matrix,

D - is the feedforward matrix (for many physicast®ms
is the null matrix).

The scheme in Simulink:

~17

Figure 13 Simulink scheme with State Space andsfeaircn

Write in the command line is rendered charactessti
of the transfer function, which is displacement tbé
model seat of car [3]. The matrix B is multiplieg the
input, in dealing with a case, force u = F:

<<step (A,u*B,C,D)

The output of the solution is the characteristitthe
transfer function, which is deflection of seat [15]

Step Response

0.1F

0.08f

0.061

Amplitude

0.04F

0.02}

o ‘ : ‘

2 3 4
Time (sec)

Figure 14 Step response in Simulink

0 1

Type in the command line is defined the transfer
function of the system in Matlab with transformatio
from State-Space [12-13]:

>> [num,den] = ss2tf(A,B,C,D)

Answer from Matlab:

num =

0 00.0083

den =

12080

Type in the command line is defined the
characteristics of transfer function Step Respafsthe
system. Numerator multiplied with inputs u, in soty

~
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case with force F = 981N and we define simulatiomet [4] KELEMEN, M., MIKOVA, L., VIRGALA, I.:

T=5 seconds: Informatikg Edicia Studijnej literatiry TU KoSice,
>> step(u*num,den,T) KosSice, 2014. (Original in Slovak)
A window with characteristics of transfer function[5] KELEMEN, PUSKAR M., VIRGALA, I., MIKOVA,
opens. It is identical with the course in Figure 14 L’.: Meranie v mechatronikdedicia Studijnej literatary
TU KoSice, Kosice, 2014. (Original in Slovak)
Conclusions [6] GMITERKO, A., SARGA, P., HRONCOVA, D.:

In this paper they were shown to solve the dynamic Mechatronika | Edicia Studijnej literatlry TU KoSice,
equations of motion of a mechanical system with one KoSice, 2011. (Original in Slovak) )
degree of freedom of the oscillating system cat wéth  [7] GMITERKO, A., SARGA, P., HRONCOVA, D.:
driver. The system was calculated using computer Teéria dynamickych systémovEdicia Studijne]

simulation. From assembled block diagrams in Sinkuli  literatry TU Kosice, Kosice, 2010. (Original in
program, compiled m-files in Matlab and 2D graphics Slovak) ) )
acquired waveforms kinematics variables of theesyst [8] KELEMENOVA, T.,  FRANKOVSKY, P,
car seat with driver. The results obtained arestitated VIRGALA, |, MIKOVA, L, KELEMEN, M.
in the number of outputs in the form of graphs arede Machines for inspection of pipes Acta

used various block diagrams investigating mechanica Mechatronica, Vol. 1, No. 1, pages 1-7, 2016.

system. Simulation models are compiled in differenf®] VITECKOVA, M., SALOKY, T. TAKAC, Ru.

ways, using the full range of the blocks includdibeary Laplaceova a Z transformacia v automatizagidicia

of Matlab and Simulink. The result is more detaited Studijnej literatlry, KoSice, 2004. (Original inoSkk)

deeper acquaintance with that issue. The processetts [10] PIRNIK, R., HRUBOS, M., NEMEC, D., BOZEK,

can be utilized in further addressing similar peohs P.: Navigation of the autonomous ground vehicle

in mechanics and mechatronics. Article in its form  utilizing low-cost inertial navigation Acta

is a powerful draw lessons for teaching purposes Mechatronica, Vol. 1, No. 1, pages 19-23, 2016.

in subjects with a focus on solving dynamic systemld1] BOZEK, P., TURYGIN, Y.:Measurement of the

in subject mechanics and mechatronics. operating parameters and numerical analysis of the
mechanical subsystem Measurement Science
Review, Vol. 14, No. 4, pages 198-203, 2014.
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