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Abstract:- In this work, the energies dissipated by the spring mass damper system with three degrees of
freedom are modelled and simulated for persistent load by using MATLAB. The experimentation is carried out
for the numerical model developed. The experimental validation of the numerical solution developed for the
persistence excitation system for coupling loss factor of 0.075 is compared.The overall trend of the profile of the
experimental values seems to be in good agreement with the theoretical prediction. The difference in the values
between the theoretical prediction and the experimental values can be attributed to the approximations made in
simplification of the vibrating system for numerical solution. Also, there may be some cross vibrations coming
from the floor on which the vibrating system is mounted.
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l. INTRODUCTION

Vibration and its effect are very common in our daily life. The theory of vibration deals with the
systematic analysis of vibratory motions of the body and the forces involved in it. Vibration is a repetitive,
periodic, or oscillatory response of a mechanical system. Vibration or oscillation may be defined as any
structural deformation that repeats itself periodically [1-2].The kinetic energy is stored due to the mass of the
structure, potential energy is stored due stiffness and the energy is dissipated due to damping. If the damping is
insufficient, the structure that is vibrating at a resonant frequency tends to result in high amplitudes which
radiates sound and might ultimately lead to structural failure. Hence it is essential to calculate or predict the
resonant frequencies and prevent the structure from high amplitude vibrations by providing sufficient structural
damping [3] inside the structure.

There are two types of damping that are inherently present in any structure [4], namely, internal
damping of the structure and structural damping at the joints in the structure.

Due to the presence of dynamic loads, the visco-elastic material dissipates energy in the form of heat
energy by disrupting the bonds of its long-chain molecules [5].In vibration analysis, physical system can be
represented in the form of mathematical model and it is important for analysis to translate mathematical
equations and formulations into real conclusions [6].Most engineering systems are continuous and have an
infinite number of degrees of freedom. The vibration analysis of continuous systems requires the solution of
partial differential equations, which is quite difficult [7].In order to solve equations of motion, the program
MATLAB directly use the functions for numerical solution of differential equations with the use of Runge —
Kutta method [8].The Statistical energy analysis (SEA) has been developed to predict noise and vibration of
complex structures at medium and high frequencies [9-12]. It is a technique for the estimation of average
vibration levels in a structure which is excited by broad band random forces. In SEA the internal loss factor is
the important parameter to be considered for the analysis of structures.

The following methods which are used by the researchers to estimate the loss factors [13 -15]:
a)  Time domain decay-rate method
b)  Frequency domain modal analysis, curve-fitting method
c)  Flow of Energy and power based method [16]

Each method has its own set of advantages and drawbacks. One such method, the power input method
(PIM) is a powerful method for obtaining frequency-averaged loss factors of structures under steady state
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vibration. In this paper experimentation carried out in the power input method and the behavior of the system is
estimated by time averaging.

The PIM method allows an identification of the SEA parameters like the coupling loss factor, damping
loss factor, without having to decouple the structure. The PIM has been applied to cars, trucks, helicopters and
other complex structures [15,17,18-21].Power input method is one of the energy based method for a comparison
of the dissipated energy of a system to the total energy of the system under steady state vibration. This method is
theoretically unbiased and it is applicable at all frequencies. The vibration analysis is based on quantities such as
force and displacement but this approach is based on energy quantities like energy, energy density, power.The
loss factors of a structural system can be defined as, the ratio of the dissipated power per radian to the total
energy of the structure [21].

_AE

n(w)=2 (1.1)
Se

Where,
E.. is the strain energy,

AE is the energy dissipated from damping, and
nis the damping loss factor in the frequency band o considered

. ANALYTICAL MODEL
The numerical methods are used to solve the governing equations of the representative systems. The
physical systems with three degrees of freedom are usually complex in nature and it is difficult to represent their
behavior in mathematical forms. Hence the physical systems with three degrees of freedom are simplified and
their representative models can be used for the purpose of studying their behavior. In this work, the vibrating
systems are represented directly using lumped masses.
The analytical model is developed for the spring mass damper system having three degrees of freedom

as shown in Fig.1. Let m;, m, and M, represent the three masses which are connected to four springs of
stiffness represented by K, k,, k; and Kk, and to four dampers of coefficientC,, C,, C, and C,. The force
F, acts on mass M, and the energy is transferred to other masses through the springs and a part of the energy is
absorbed by dampers. Springs k1 and k4 ; and dampers C, and C, are attached to rigid surfaces and masses m;

and M, respectively.
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Fig. 1: Mathematical Model for Coupling Loss Factor Estimation
The spring mass damper system is represented by the following equations.
Mm%, +(C, +C, ) % —C,%, +(k +k, ) x, —k,x, =0 (1.2)
My, +(C, +C; ) %, —C,% —Cy¥; + (K, +K; ) X, =KX, —K;%; = F, (1.3)
My, +(C; +C4 ) % —Cy%, +(K; +K, ) X; —k;x, =0 (1.4)

The above three governing equations can be represented in matrix form as
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m 0 O
M=0 m, O (1.5)
0 0 m
c,+C, —C, 0
[ C,+C, —C, (1.6)
—C; C; +C,
k,+k, -k, 0
[ K, +k, —k; (1.7)
-k, k;+k,
0
{Fz (18)
0
MX+Cx+Kx=F (1.9)
m 0 0)[X c,+¢, —C, 0 X, k,+k, -k, 0 X, 0
0 m, 0 |{%¢+| —C, C,+C; —C; [3X%r+| —K, K, +k; =Ky [{%r=1F
0 0 m)(% 0 —C;  C+C, )| X 0 kK, KK, )% 0
(1.10)

1. EXPERIMENTAL WORK

The experimental setup consists of three plates which are connected with bolt and nuts. One bolt each
consists of one contact point, the plates are joined by a spacer of 20mm thickness having outside diameter are
40 mm and inside diameter 20 mm. Eight spacers used are made up of aluminum material. The spacers are
replaced with the dampers for different cases, during the experimentation for different models. All the four
edges of the plates are free. The four connecting locations are away from the edges. In this configuration three
plates are connected at discrete points using bolts with a small gap between them.

The three plates are identical and they are numbered as 1,2 & 3. Plate 2 is inner plate and plates 1&3
are outer plates. It is to be noted that plate 2 is not connected to platel or 3.The plate 1 and plate 3 are fixed to
the frame through the bolts, but they are coupled through the spacers.

Each plate has dimensions of 1200 mm x 900 mm and the thickness of 2 mm. The plates used are made
up of aluminum material. The young’s modulus of the material is 70 GPa and the Poisson’s ratio is 0.3. The
density of material is 2800 kg/m®

Fig.2a: Experimental setup three degrees of freedom system for persistent load
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Fig.2b: Experimental setup three degrees of freedom system for persistent load

V. SIMULATION RESULTS
A sample problem with given input loss factors is numerically solved with the power input method to
estimate the loss factors and check the behavior of the system under steady load condition. The experimentation
is carried out for Known damper having a loss factor of 0.075 to evaluate the theoretical results with
experimental results. The experimentation three plate systems in the form of our theoretical model of persistence
load in Fig.1. The simulation and experimental parameters are shown in table 1.The power input method has no
theoretical limitations, but it is practically limited to the range of 0.5 <n<0.001 [22].

Plate Mass Stiffness | Natural Force Time Modulus
(kg) (N/m) frequency (N) (S) of rigidity
(rad/s) (Gpa)
Plate 1 5.39 1514 16.75 NA NA
Plate2 5.42 1514 16.74 5 1 26.9
Plate 3 5.38 1600 17.24 NA NA

Table.1: Simulation and Experimental Parameters for Persistent Load

A Verification of Displacements:

Fig. 3 shows the comparison of displacement of plates 1, 2 &3 for the theoretical prediction and the
experimentally observed values. Since the load is applied on plate 2, there is a very small displacements are
noticed in plate 1. The same is found to be true when verified experimentally. The experimental data is collected
for every 0.1 s. In plate 2 the experimentally measured values are higher than the theoretical prediction when
there is a peak in the profile and are below for profile at other than the peaks. The maximum displacement error

occurs in between the time span of 0.1 to 0.5s. Since the force is excited at the second plate, the plate has come
to the steady state as time increases.
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Fig.3Numerical &Experimental Displacement of Oscillatorl, 2 and 3

B. Verification of Velocities:

Fig.4 shows the theoretical and experimental velocity simulation of the plates. It can be observed that
the higher velocity occurs for plates 1 and 3 as the force directly acting on plate 2 and there is no controlling
load on plate 1 and 3. The velocity of plate 2 is very low compared to the plate 1 and 3. In the experiment the
system behavior is same as the theoretical behavior. In between 0.1 to 0.5s a small variation in the velocity of
plates 1 and 3 as the time increases the velocity becomes stable.
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C. Verification of Energies for Plates:

The experimental values are good matches in between 0.5s onwards because the system has to be taken
time for equilibrium state. There are some errors in the experimental values that is because of small phase errors
in the two measurement channels and an insufficient number of measurement points were taken.

The overall trend of the profile of the energies of the experimental values seems to be in good

agreement with the theoretical prediction.
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Fig. 5: Numerical & Experimental Integrated energy of Plates 1, 2&3

D. Verification of Total transferred Energies of Plates:

The total energy transferred from the plates is found out by theoretical and experimental as shown in

Fig. 6. The plate 2 is excited with a persistent load of 5 Newton.
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It is observed from Fig.6, that the total energy transferred from plate 1 to plate 2 is 1000 J. But from
plate 2 to 1 these values are negative since very less amount of energy is transferred from plate 2 to 1 due to
equilibrium condition. The energy transferred from plate 2 to 3 at 1 second is 20 J. The energy transferred from
plate 3 to 2 is -900 J. The experimental values are matching very close with the numerical values.Positive
energies are from plate 1 to 2 and from 2 to 3. Negative energies are from 2 to 1 and from 3 to 2 in the reverse
direction.

V. CONCLUSIONS

Validations of Numerical Simulation results are done by conducting experiment on the three degrees of
freedom Vibrating System by power input method. Thedisplacement of oscillators for the theoretical prediction
values are observed experimentally. The overall trend of the profile of the displacement of the experimental
values seems to be in good agreement with the theoretical prediction. The difference in the values between the
theoretical prediction and the experimental values can be attributed to the approximations made in simplification
of the vibrating system for numerical solution.

From the velocity simulation of the plates of the model, it can be observed that the higher velocity
occurs for plates 1 and 3 as the force directly acting on plate 2 and there is no controlling load on plate 1 and 3
the velocity. The velocity of plate 2 is very low compared to the oscillator 1 and 3, In the experiment the system
behavior is same as the theoretical behavior.

From the energy plots we observed that the positive energies are from oscillator 1 to 2 and from 2 to 3.
Negative energies are from 2 to 1 and from 3 to 2 in the reverse direction, which is evident experimentally also.
The overall trend of the profile of the experimental values seems to be in good agreement with the theoretical
prediction. The difference in the values between the theoretical prediction and the experimental values can be
attributed to the approximations made in simplification of the vibrating system for numerical solution. Also,
there may be some cross vibrations coming from the floor on which the vibrating system is mounted.
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