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MODELING MASS-SPRING-DAMPER SYSTEM
USING SCILAB

JI. Bosnecpa, B. Cmpenvbiyvkuii. MonemoBanusi nemndepa y Scilab. MozemoBaHHs cHCTEMH O3HA4Ya€e PO3POOKY MaTeMaTHYHOTO
TIPECTaBIICHHS U IMITallii TeBHUX BJIACTUBOCTEH, II0 CHOCTEPIraroThesl B PeabHUX cucTeMax. Lli cucTeMu MOXKYTh BapitOBaTHCS Bil HiJBICKH
ABTOMOOLISI 10 HAMCKIAHIIIOI pOOOTOTEXHIKU. Y Cyd4acHOMY MAIIMHOOYIyBaHHI 3a3BUYail (Gi3UYHYy IMHAMIYHY CHCTEMY MOJEIIOIOTH Y BHIVIAI
Habopy audepeHIiabHIX PIBHSHB, SIKI Mi3Hile OyayTh 3MOAEIBOBAHI 32 JOMOMOTOK KoMt oTepa. Lli cuctemMu MOXKyTh BapitoBaTHCS Bif ITiABICKU
aBTOMOOLISI 10 HAWCKIIAIHINIOI POOOTOTEXHIKM. BHKOPHCTaHHS NpPOrpamMHOro 3a0e3ledYeHHs [UIl YHMCEIBHOIO aHalldy Ta SIKICHOIO aHallizy
JIMHAMIYHMX CHCTEM B IH)KEHEpHIiH Ta IPUKII/IHIN HAYKOBIM OCBITI CHIPOLIYE aHalli3. Y poOOTi AMHAMIYHY JOCIIDKYBAJIH TIOBEIHKY CUCTEMH Maca-
HpykuHa-feMndep 3a JONOMOrol0 MaTeMaTHYHUX PiBHSHB y BUIbHOMY NporpamMHoMy 3abesnederHi Scilab. Scilab — e GeskoruroBre nporpamue
3a0e3MeueHHs I YMCEIbHIX 00UMCIICHB 3 BIIKPUTUM KOJIOM, 110 3a0€3Medye MOTY)KHE OOUHCITIOBAILHE CEPEIOBUILIE ISl BAKOHAHHS 1HKEHEPHUX
Ta HAYKOBUX JOCIIDKeHb. OTpHMaH] PIBHSHHSA € y3araJlbHeHHSIM KIIACHYHOI MOJIENI Maca-Tpy KHHa-IeMIdep; 3alpornoHOBaHe TIONAHH MOXe OYTH
BUKOPHUCTAHO JUTSL OUCY LIUPOKOTO CIIEKTPY CUCTEM, SIKi paHillie He pO3IVIAAIMCS Yepe3 0OMEKEHHsI KIIACHYHOro urciieHHs. [Iporpamua peanizarist
Mozieni Ta pO3paxyHKM BHKOHaHI y cepemosumii Scilab. MacoBe BHKOPHCTaHHS TNPOrpaMHOTO 3a0e3MEYEHHs TMOPOAWMIIO JyHOBHil Gi3Hec.
HesBaxkatoun Ha HaJilHICT Ta e€(EKTHBHICTH KOMEPLIHHOIO MPOrpamMHOro 3a0e3MeYeHHs He3arepeyHi, iX BapTiCTh HENOCTYIHA Uil OLIbIIOCTI
JIOCJT THUKIB, CTY/ICHTIB Ta JIEpXKaBHUX yHiBepcHTETIB. L[ cTaTTs viTko mokasye, mo SCILAB 3naTHHil BopaTHCs 3 TAKIMH HEBU3HAYEHOCTIMU O3
ocoOmBHX 3ycwib. Clil 3a3HA4MTH, WO LS CTATTS HANMCAHA 3 HAMIPOM MOLIMPHTH ySBJEHHA Npo Te, sik BukopucroByBatn SCILAB s
BUKJIaIaHHS Teopii MOJIENIFOBAHHS, IMHAMIKH MAIlIMH a00 BUKOHAHHS ITOB’SI3aHAX 3 IIAM JOCI THUIIEKHX POOIT.

Kniouosi cnosa: MoienioBaHHs, Maca, NpyxkuHa, aemidep, konusadsst, Scilab

L. Bovnegra, V. Strelbitskyi. Modeling Mass-Spring-Damper System using Scilab. Modeling a system means developing a mathematical
representation to simulate certain properties observed in real systems. These systems can range from a car suspension to the most complex robotics. In
modern mechanical engineering, it is routine to model a physical dynamic system as a set of differential equations that will later be simulated using a
computer. This systems can range from a car suspension to the most complex robotics. Use software for numerical analysis and qualitative analysis of
dynamic systems in engineering and applied science education simplifies the analysis and analysis. In this paper, the dynamic behavior of mass-
spring-damper system has been studied by mathematical equations in free software Scilab. Scilab is free and open source software for numerical
computation providing a powerful computing environment for engineering and scientific applications. The resulting equations represent a
generalization of the classical mass-spring-damper model; the proposed representation can be used to describe a wide variety of systems, which had
not been addressed due to the limitations of the classical calculus. Software implementation of the model and calculations are performed in the Scilab
environment. The massive use of software generated a great business. Although the reliability and effectiveness of commercial software is undeniable,
their cost is not available to most researchers, students, and public universities. This paper clearly shows that Scilab is capable of handling such
uncertainties with little effort. It should be noted that this paper is written with the intention of disseminate the ideas of how to use Scilab for teaching
theory modelling, dynamic of machine or performing related research works.

Keywords: modelling, mass, spring, damper, vibration, Scilab

Introduction

Modeling a system means developing a mathematical representation to simulate certain proper-
ties observed in real systems. These systems can range from a car suspension to the most complex ro-
botics.

Generally, linear approaches are sufficient for the analysis, but in many cases they are not satis-
factory and non-linear models must be used (which increases the complexity of the algorithm).

In the field of Mechanical Engineering, it is routine to model a dynamic physical system as a set
of differential equations that will then be simulated using a computer. The law of evolution of dynam-
ic systems can take various forms: iterations, equations, partial differential equations, transformations
or flows, stochastic equations. However, data computation in recent times are complicated and diffi-
cult without the application of modelling and simulation tools. Dynamic systems are often nonlinear
when analyzed further.

Therefore, the computational methods and software for numerical resolution and qualitative anal-
ysis of dynamic systems in engineering education and applied sciences simplify the resolution and
analysis of these systems.

Analysis of publications on the topic of research

A mass-spring system is the most common example of simple harmonic motion. It is common
ehe experimental and mechanical behavior of the system is well-defined in basic physics textbooks.
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Much of the current work is theoretical. In addition, some generalizations are made about spring mass
correction and in many cases analysis of vibrational phenomena such as spring mass ideally, an oscil-
lating system is undamped [1, 2]. However, the vibrations are actually damped. mass spring damper
models have many applications, including control parameter estimation, robotic control, and vibration
control. There are many factors that contribute to damping force. Among them are Coulomb friction
damping and dry friction damping. The force acting on the relative rate of change of displacement is
called the damping force, which is the opposite of the spring [1 — 4].

The massive use of softwares generated a great business. There are several commercial soft-
ware’s, and among the most important are the Matlab, Maple and Mathematica [4]. For example, the
most comprehensive bibliographic database, the Web of Science, presents the following number of
articles which contains the aforementioned software’s: 4,805 for Maple, 2,267 for Matlab and 1,062
for Mathematica.

Purpose and objectives of the study

Although the reliability and effectiveness of commercial software is undeniable, their cost is not
available to most researchers, students, and public universities.

This paper aims at presenting the Scilab, as a friendly, free software and alternative tool for the
analysis of a typical mass-spring-damper (MSD). Using the previously pub-
lished ideas, this popular mechanical system is considered to provide another X
example of usefulness. =

Materials and research methods b

Fig.1 shows the mechanical system-damper. Under the action of the ap- :|— F
plied force F, the solid will shift by an amount x in the direction of the ap- m =
plied force. Under the action of the applied force F, the solid will shift by an
amount x in the direction of the applied force.

According to Newton’s laws of motion, the force in the spring causes a Fig. 1. Mechanical
displacement, the acceleration of the mass of the body against the force of System for mass-spring-
friction [1, 2, 4]. damper system

The generalized equation for the mass-spring-damper system can be de-
scribed by the following second order differential equation:

k

2
Fzmd—¥+b%+kx, 1
dt dt

where: F — Force;
m — mass of system;
b — damping coefficient;
k — spring coefficient;
x — displacement.
By applying Newton’s second law, the system can be transformed to the form:

X =X
X, = %,
X, =X,, )
LF bk
2 m m 2 mxl

We have obtained the system of ODE’s can be solved analytically or numerically. For solving
will use a common numerical method:
1) which is called Runge-Kutta 4th Order Method:

di;it)_y(t)_f(y(t) t), with y(t,) = y,, h=At k= f(y(t,),t,),
2o (o g,
k1+2k2+3k3+k

“h;

y(t +h) =y, + 5
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2) ordinary differential equation solver Scilab —y = ode(y, to, t, f).

Scilab is free and open source numerical computing software that provides a powerful computing
environment for engineering and scientific applications and has been freely distributed on the internet
since 1994 [7 - 12].

User interaction with Scilab can take two forms. In the first form, commands are entered directly
into the command prompt (acting as a calculator). In the prompt, we also see error messages. In the
second form, commands (routines) can be saved as .sci files with their editor. The file is brought to the
command prompt and executed. When a command is invoked, the result is displayed on the screen as
a prompt or as a graph.

Research results

The parameters used for simulation are as follows: F=100N; m=1kg; b=0.15 N/(m/s);
k =100 N/m.

The calculation results are shown in Fig. 2.

Analysis of the results presented in Figure 2, a and 2, b shows that they differ slightly. The devia-
tion of the ordinary differential equation from the Runge-Kutta 4th Order Method increases with the
order of differentiation.

Displacement vs Time . Displacement vs Time
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a b
Fig. 2. The calculation results for Runge-Kutta 4th Order Method (a)
and ordinary differential equation solver (b)

20 Displacement vs Time Verification and validation are the primary processes

for quantifying and building confidence (or credibility) in
numerical models. Verification of the model was carried
out by comparing the data obtained in the work [13] and
presented in Fig. 3.

Analysis of the results presented in Figures 2 and 3
W] ShOws that they differ slightly. The results in Figures 2, b
" and 3 are almost identical, that suggests a good agreement
between models.

Conclusions

This paper clearly shows that SCILAB is capable of
handling such uncertainties with little effort. It should be

| i noted that this paper is written with the intention of dissem-
5 10 15 20 25 30 35 40 45 inate the ideas of how to use SCILAB for teaching theory

Time modelling, dynamic of machine or performing related re-
Fig. 3. The results for simulation in Matlab ~ Séarch works.
the parameters are as follows: F=100 N; m=1 The help command is a simple tool that allows us to
kg; b=0.15 N/(m/s); k=100 N/m consult syntax features and this help allows new users to
learn quickly, as the syntax provides a good overview of
the functionality along with some examples. Scilab is good enough for simulations as an alternative to
paid software like Matlab.
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