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ABSTRACT. The purpose of this paper is to determine a method capable to predict noise both low and
high frequency. Another purpose is to determine a boundary between Statistical Energy Analysis and
Finite Element Analysis for noise prediction. An analytical model of a Z-shaped plate structure is used,
and a set of power flow equation is formulated for the plate structure in order to perform SEA. To solve
these equations, SEA parameters such as CLF, ILF, and mode count are estimated. A FEM model of the
structure is also made to perform Modal Analysis, First 20 modes are evaluated, and Harmonic Analysis.
An experiment measuring sound pressure level for each plate is also carried out to confirm the analytical
results. The results for this type of structure, confirmed that SEA is valid above 63Hz and FEM is valid
below 31.5Hz in octave band. Moreover, a new concept of evaluating this boundary between SEA and

FEM using mode count is also proposed.

Keywords. Statistical Energy Andysis, Finite Element Analysis, Plate Structure, Bridge-borne
noise, Sound Pressure Level, Mode count, ILF, CLF.

1. Introduction

The noise pollution in reddentid aess is an
important issue for automative and railway trangport
over ded hridges There are severd sources of that
noise the whed/rall interaction, the engine noise,
agrodynamics noise and the noise caused by
vibrations of ded bridges ral track for ralway
bridges, or their support. The laer is manly
recognized on bridges because the vibraions excdite
the bridge gructure, and cause the amplification of
noise. This type of noise is dominant in a frequency
band from 10Hz up to 1kHz.

The andysis of vibrations of a dructurd system
subjected to a given exdtaion becomes more
difficult for increedng frequencies The Hinite
Element Method (FEM) andlys's of noise generated
by automotive vehicles on bridges is redtricted to
frequencies bdow 100Hz due to the required
dements per wavdength. For high frequencies, the
Satidica Energy Andysis (SEA) iscommonly used
to predict noise and vibraion. However the
suitability of the SEA for vibration andysis becomes

poorer for decreasing frequencies where modd count,
SEA parameter, isnot rliable.

In this research, a Z-shgped plae sructure is adopted
as the object of the ressarch and edimated the sound
pressure level using SEA, FEM. And an Experiment is
aso carried out to confirm the vaidity of the smulation
results.

2.  Smulations

Smulations are peformed using SEA modd and
FEM modd.

21 Satidical Energy Analyss

The concept of SEA ws fird introduced by RH.
Lyon and PW. Smith as a noise and vibration
edimation tool for complex dructure. With the SEA
method, sructurd components are conddered as a st
of equivdent vibrating dements and evduded the
vibration condition of the dement as a ddidicad
average over the frequency band and space.

In SEA, a dructure is discretised into a number of



subgructures caled subsysems. And the response is
described in terms of energy where the excitation is
cdled input power. Lyon showed that the power flow
is proportiond to the difference in uncoupled
energies of the resonators and thet it dways flows
from the resonator of higher to lower resonaor
enagy. Bdow, an explanation is given on basc
power flow equation based on SEA.

2.1.1 Power Flow Equations

The power flow rdations of a Sructure condding
of two subsygems are shown in Fgure 1. The
equations for the power flows between subsyseml
and subsystem? under typicd SEA conditions are
expressed asfollows.

Subsysteml B, =P +R a0, (11)
Subsysteml: B, =P+ P, 12)
Whereintringcloss P;, becomes

Pisa = @1hE 13

In addition, transmitted power P, .., isexpressed

with thefollowing equations.
P

tr'anslz = _F{ranszll = Firz - I:)le (1 4)
P, =om,E, B, =on,E,

where 7, ad 7,, in SEA satidfy the reciprocity
relaionship 77,,n, = 17,,n, . Therefore, tranamitted

power P, becomes
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Consquently, power flow equations for subsysteml
and subsystlem? can be expressed as
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where n,: modd dengty, 7, intringc loss factor,

1, - coupling loss factor are called SEA parameters. If

SEA paramges and input power ae known, the
dynamicd energy didribution of the dructure can be
eadly determined. Therefore Sound Pressure Leve for
each subsygemisknown.
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Figure 1. Power flow relation between
two subsystems.
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Fgure 2. Cdculetion flow for SEA.
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A Z-shaped plae dructure where plates are
coupled with each other & right angle is modeled for
the amulaions shown in Fgure 3. Here, the plae
gructure is discretised into three subsystemns and each
subsystem posses the same physica and geometrica
propertiesshownin Teble-1.



SEA Model

Figure 3. SEA model(Z-shaped).

Table-1 Physical properties for Subsystem1.

Physicd Propertiesfor SubSysteml
Young modulus (N/n) 2 1x 10"
Mass density (kg/m?) 7800
Poisson'sratio 0.3
Length (m) 0.4
Width (m) 0.2
Height (m) 0.0023

2.1.3 Edimation of SEA Parameters
Sncedl the subsysems of the SEA modd havethe
same properties, only subsystem is discussed here.

(@ ModeCount

Mode count represents the number of
resonance modes available in the band of interest for
the subsystem to receive and Sore dynamica energy.
The mode count of a dructurd subsysgem is
evaduaed by usng the following Equation. Figure 4
showsthe mode count of subsystem in octave band.
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Fiaure 4. Mode count of structural subsvstem SS1.

(b) CouplingLossFactor(CLF)

Coupling Loss Factor gives the loss rae
when power trangmits from one subsysem to
another. Thefallowing equation isused to evauate

the CLF of plate structure.
Gl 18
i = TS '

where ¢;: the group velocity of the bending waves,
L: the coupling length, t :the trangmisson
co-effidency, S: the surface areg, w: the center
angular frequency of the band of interest. Figure 5.
shows the CLF 7 1, of the coupling between
subsyseml and subsystem?2.
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Fgure 5. Coupling loss of structurd subsystem
SSL



(© IntringcLossFactor(ILF)

Intrindc Loss Factor of a subsystem
represants the loss percentage when the input
power to the subsysem from an externd
excitation source is converted to the dynamicd
energy of the subsystem. ILF is not possble to
determine by theordticd equation like CLE
Experiment isthe only way to meesureit. Inthis
research, an expeimentd eguation shown
below isused.

7 =0.98x f 7 (19

Fgure6. showsthe ILF of subsysteml.
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Fgure6. Intringclossof Structurd subsystem.

(d) Input Power (IP)

In this research, Input Power is evduaed
by experiment. Vibration velocity is measured a
6 points on the surface of subsyseml by
exditing the dructure with a vibrator. Then the
input power for the dructure is evduaed by
using thefollowing equation.

E = m(V?)

where m: mass, <v>>: goatid square average of
the vibration veloity.

(110)

2.2 FiniteElement Method (FEM)

Two types of andyss, modd and harmonic, are
performed by employing ANSYSED 57 FEM
software. Figure 7. shows the FEM modd of the
plae dructure which has 300 dements Shdl
eement with 4nodesisused. Theleft end of the plate
Sructure is congtrained as such thet no displacements

can appear here. And the phydcd and geometric
properties of themodd are same as SEA modd.

Plate 1

FEM Model

Figure 7. FEM modd.

Figure 8. represents the noise andysis flow usng FEM
that is used in this research. And rlated equations are
adso shown here.
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Figure 8. Noiseandysisflow usng FEM.

Fird 20 modes are cdculated by modd andyss,
where Block Lanczos method is used for mode
expandon. Fgure 9 shows the mode count that
presentsin each band of octave band.



—4&— Mode Count

Mode Count

S = N W s U

v v

1 2 4 8 16 315 063 125 250

Frequency [Hz|

Figure 9. Mode count presentsin each band of octave

band.

When the naturd frequencies of fird 20 modesare
known, a harmonic response andyss gpplying a
snusoidd force is performed to evduate the nodd
disgplacement around the resonance frequency.
Maximum amplitude of the snusoidd force is 1.
And the harmonic andlyssis performed from 1Hz to
177Hz.

Snce the nodd disgplacements cdculated by
harmonic andysis, are known Sound Pressure Leve
for eech plae is determined by performing the
cdculdionsshownin Figure8.

3. Experiment

An experiment is carried out to messure the
Sound Pressure Levd in order to check the validity
of dmulation resuts.

Fgure 10.represents the podtions of microphones
and other gopardus. The left end of the plate
gructure is damped that no displacements can
aopear. A vibrator, only excitation source for the
dructure, is placed a the center of the right end.
Experiment is performed by changing the excitation
frequency of the vibrator from 22Hz to 354Hz using
an ogtillator while kegping the amplitude fixed by an
attenuator.

Vibration pickup accderometer is used to measure
the vibration velocity & 250Hz to evaduate the Input
Power of SEA.
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Figure 10. Positions of microphones and other
apparatus

Since the microphones are st just 5cm away from
each plate, no distance decay iscongidered.
Findly, sound pressure leve for each microphone is
evauated in octave band.

4. Realltsand Discussons

Figure 11. showsthe Sound Presaure Leve in octave
band evduated by smulaion, SEA and FEM, ad
expaiment for platel. It is known that SEA is
goplicable to evduae the Sound Pressure Levd a
125Hz and higher. In this research, smulated sound
pressure leve, SEA reaults & 63Hz and above ae
found rdiable, as the difference between smulaion
result and experimentd result iswithin dlowablerange,
3dB. And & 315Hz, FEM reqult is dosr to
experimentd result than SEA. Therefore FEM andysd's
usd in thisresearch is appropriate for 31.5Hz and less.
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Figure 11. Comparison of resultsfor platel.



To be aure of the dmulation results, a comparison
is ds0 performed usng mode count evauaed by
both SEA and FEM. It's a new gpproach to find the
boundary between SEA and FEM. Fgure 12
represents the comparison of inverse mode count.
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Figure 12. Comparison of inverse mode count.

According to FEM reaults, & 31.5Hz of octave
band doea't have any resonance mode. Therefore
the 1/N line diverges a 31.5Hz. On the other hand,
SEA results shows that 31.5Hz posses resonance
modes Since FEM reallts are rdidble & low
frequendes, FEM results can be conddered as
accurate. If the mode count is zero, the modd energy
turns to infinity. Therefore the fundamenta conoept
of SEA iscollgpsed.

In this research, noise andyss a 63Hz and higher
frequency of octave band is possble by SEA with
the required accuracy and, noise andyss a 31.5Hz
and lessmust be andlyzed by FEM where SEA isnot
gpplicable.

S0, a boundary between SEA and FEM can be st
conddering the presence of mode count in the
frequency band.

5. Condusons

Based on the simulations and experiments
conducted, the following can be concluded.

(@ Sound Pressure Level at 63Hz and
higher can be predicted by SEA for
this type of model.

(b) And Sound Pressure Level at
31.5Hz and below must be predicted
by FEM.

(© The highest octave band that doesn't
have any resonance mode and less
than that must be analyzed by FEM
and rest can be analyzed by SEA
with having enough accuracy.

6. Further Research

(@ Further works must be performed by changing
the type of the modd and the coupling petterns.
Welded coupling can be raised asan example.

(b) And further experiments should be carried out to
make sure that the proposed method to find the
boundary between SEA and FEM works & dl
circumstances.
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