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Abstract. In the present work, sound power radiation response of a clamped rectangular plate with
attached discrete masses and discrete patches is analysed. Four different thickness variations with
taper ratios (Hy) 0.3, 0.6 and 0.9 are considered. Rayleigh integral is used to predict the sound
radiation characteristics. Plate with four patches with linearly increasing — decreasing thickness
variation at taper ratio (Hy = 0.3) is most effective in achieving the minimum peak sound power
level. With this configuration (linearly increasing — decreasing), a wider choice of taper ratio of
(0.15-0.45) is possible for obtaining minimum peak sound power level for all the cases considered.

Keywords: isotropic clamped rectangular plate, patch, point mass, taper parameter, sound power
level.

1. Introduction

Vibration and sound radiation problems of plates with and without attached discrete
mass/patch are used in many engineering applications. Generally, variable thickness is used to
alter the resonant frequency and to reduce weight and size of structure. The introduction of
variable thickness will alter the stiffness and it will influence the dynamic behavior of the structure.
Several researchers investigated the free vibration analysis of plate with variable thickness without
attached discrete mass/patch. Appl and Byers [1] were early researchers to analyzed the natural
frequency of a rectangular plate having linear thickness variation in one direction using analytical
method. The natural frequency and node patterns for clamped and simply supported square plate
of linearly variable thickness was analysed by Raju [2] using experimental method. Kuttler and
Sigillito [3] investigated an analytical method for finding lower and upper bounds for vibrational
frequencies of clamped plate having linear tapers with general boundary conditions. Bert and
Malik [4] investigated the free vibration characteristics of tapered rectangular plates by differential
quadrature method. Akiyama [5] analysed the fundamental frequency of rectangular plate with
linearly varying thickness using power series approach. Huang et al. [6] investigated the free
vibration analysis of orthotropic plates with variable thickness for general boundary conditions
using a discrete method. In this, the green function which is obtained by transforming the
differential equations into integral equations and using numerical integration, is used to establish
the characteristic equation of the free vibration.

Prediction of sound radiation is important to control noise generated from vibrating structures.
Several investigators investigated sound radiation behavior of isotropic and composite plates with
uniform thickness subjected to time varying harmonic excitation. Atalla et al. [7] investigated the
acoustic radiation of an unbaffled vibrating plate by Kirchhoff-Helmholtz equation with general
elastic boundary conditions. The approach used is based on a vibrational formulation for the
plate’s displacement and pressure jump through the structure. Maidanik [8] analysed response of
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ribbed panels to reverberant acoustic field using a statistical method. Laulagnet [9] presented the
sound radiation by a simply supported unbaffled plate using a double layer integral representation
of the acoustic pressure. Sheng and Xianhui [10] showed that distributed masses can significantly
affect the acoustic radiation behavior of plates. Putra and Thompson [11] investigated the sound
radiation from rectangular baffled and unbaffled plates. Jeyaraj [12] represented the acoustic
behavior of an isotropic plate with varying thickness using FEM and BEM method. Nelisse et al.
[13] analyzed the sound radiation from both baffled and unbaffled plate by Rayleigh-Ritz method.

This paper investigated the effects of redistribution of discrete patch/mass on acoustic radiation
behavior of plate with varying thickness in one direction. A comparison of acoustic behavior of
plate with attached discrete masses and patches with varying thickness with different taper ratios
with clamped boundary condition has been studied.

2. Modelling and analysis procedure
2.1. Acoustic radiation field of rectangular thin plate due to flexural vibration

It is assumed that the rectangular thin plate, clamped along at four edges in flexural vibration
is set on a flat rigid baffle of infinite extent as shown in Fig. 1. The complex acoustics pressure
amplitude p(r) at position (R, 8, @) can be written in terms of the plate surface velocity using
the Rayleigh integral [14] evaluated over the plate surface is given by Eq. (1):

_ Jjkpe e JkR'

() = T [ v

1
o dx, (D

where, v, is complex velocity amplitude normal to the surface at location X = (x,y), k is
acoustics wave number, p is density of air, ¢ is speed of sound, R' = |r — X|, distance from the

location on the plate to the observation point and R is radius of sphere. The term e /R ' /R’ is Half
space Green’s function [15].
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Fig. 1. Co-ordinate system of a vibrating plate
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By integrating the far-field acoustic intensity over a hemisphere of radius R, the total acoustic
power [16] is given by Eq. (2):

2w 7-[/2

2
W= f f m1rzzsinecu9d(z). (2)
2pc
0 0

The velocity V(x, y) at any location X on the plate can be found by summing over all the
modes of structure vibration of plate [15] and is given by Eq. (3):

Vix,y) = i i Umnn @Pmn (X, Y)- 3)

m=1n=1
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By substituting Eq. (3) into Eq. (1), the sound pressure is given by:
ke jkpc e"""R
P(r) = Z Zumn { f‘pmn (x,y)—— dsy. “4)
m=1n=1

Thus, substituting the mode shape function of the plate with clamped boundary conditions into
Eq. (4), the complex acoustic pressure amplitudes P(r) is given by Eq. (5):

P = Zzumn A1) )

m=1n=
where:
Jkpc e'f"R’
Amn(r) = 27_[ fgomn (X )/) ds.

An analytical solution of A,,,,, [17] is given by Eq. (6):

ikpc (e JkR
Apn (1) = ]2—ﬂ< 7 >6, (6)

where:

ab |(- 1)m efa - 1‘ [( " elﬁ - 1]

~ mZmn
a=kasin9cos(2) ﬂ kbstsm(Z)

The total acoustic power is given by Eq. (7):

o co oo co o EA . .A*, o
W= ZZ Z § umnu;'n'f fz m"()z C’”" ( )stineded(z), 7)
m'=1 0 0 1Y

m=1n=1 n'=1

where, m' and n’ denote the value of m and n in conjugate form.

In this paper, sound power radiated from a plate having varying thickness (different taper ratio
0.3, 0.6 and 0.9) with discrete patches and point masses is analysed. Two arrangements of plate
with attached discrete patches and point masses are considered. Plate with patches is shown in
Fig. 2(b)-(d). Plate with point masses is similar to that of Fig. 2(b)-(d), when patches are replaced
by equivalent point masses. The selection of point mass and patch is such that mass of (plate +
patch) is equal to (plate + point mass).

2.2. Configuration and material properties of plate and patches:

The dimensions and the physical properties of plate and patch are shown in Table 1. Four
different variable thicknesses [18] of plate are considered for analysis. The variation of the
thickness is shown in Fig. 3, where thickness is varied linearly and linearly increasing-decreasing
for case 1 and 3 while thickness is varied parabolically and parabolically increasing-decreasing
for case 2 and 4. In all four cases, mass of the plate and width of the plate are kept constant.
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Fig. 2. a) Plate without any discrete patch / point mass; b) plate with single patch, mass of patch = 0.1

<)

d)

times plate mass; c) plate with two discrete patches, mass of each patch = 0.05 times plate mass;
d) plate with four discrete patches, mass of each pat patch = 0.025 times plate mass

Table 1. The dimension and the

hysical properties of plate and patch

Dimensions .Plate Single patch TWO patch F0}1r patch
(Fig. 2(a)) (Fig. 2(b)) (Fig. 2(c)) (Fig. 2(d))

Length [m] a=0455| 1=0.11375 | 1 =0.07583 1 =0.05678
Width [m] b =0.379 | m=0.0631 | m =0.04737 | m =0.03158
Thickness [m] h=0.003 | n=0.007 n =0.007 n = 0.007
Density [kg/m®] 7850 7850 7850 7850
Young’s modulus [N/m?] 2.10E+11 2.10E+11 2.10E+11 2.10E+11
Poisson ratio 0.3 0.3 0.3 0.3

e

a) Case 1 b) Case 2 ¢) Case 3 d) Case 4
Fig. 3. Plate with different variable thickness.

The Eq. (8) of different types of thickness variation are given by [13]:
X\ 2x\"
P = s 1= B (5) ] e = P {1 = s (1= )

where, hy is the thickness of plate at x- distance, n = 1 for linear profile and n = 2 for parabolic
profile and Hy is the taper parameter which is defined as Hy = (1 — hpyin/Pmax) - Eq. (8)
represents decreasing thickness variation for linear and parabolic profile (case 1 and 2). Eq. (9)
represents increasing-decreasing thickness variation for linear and parabolic profile (case 3 and
4). The total volume of plate is constant which is given by:

®

Volume = hab = bf hy dx, )
0

where h is the thickness of uniform plate and hy is represented in terms of h,,,4, and Hy. The taper
parameters H, taken are 0.3, 0.6 and 0.9.

3. Result and discussion

3.1. Validation of sound power calculation

Finite element method (FEM) and Rayleigh integral for sound power calculation have been
used. For modeling of plate, solid element 186 is used in ANSYS. For modeling the surrounding
acoustic medium around the plate, FLUID30 and FLUID130 elements are used. FLUID30 is used
to activate the fluid-structure interaction. The FLUID 130 elements are created on the surface of
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the outer sphere. This element simulates a condition of infinite space around the source thus
eliminates the error due to reflection of sound waves back to the source. The number of elements
and nodes created are approximately 39600 and 14400, respectively, after proper convergence of
results for different cases. Figs. 4 and 5 represents the meshing diagram of rectangular plate and
its surrounding.

Fig. 4. Meshing diagram of plate Fig. 5. Meshing diagram of the plate surrounding

A mild steel simply supported rectangular isotropic plate of length a = 0.455 m, width
b = 0.379 m and thickness h = 0.003 m is used for validation. Rectangular plate is simply
supported and excited by a concentrated force of amplitude 1 N applied at the center of the plate.
The plate is assumed to be vibrating in air with air density p = 1.21 kg/m®. The speed of sound
‘c’ in air is taken equal to 343 m/s. A structural damping coefficient of 0.01 is used for plate in air
medium. For validation of sound power radiation from a rectangular plate, the published result of
Li et al. [10] is considered as shown in Fig. 6. From the Fig. 6 it is clear that the obtained results
are in good agreement with the published result.

° e Li and Li (2008
90+
80
70+
60+
50
40
30+

Sound power level (dB)

0 50 100 150 200 250 300 350 400 450
Frequency (Hz)
Fig. 6. Comparison of sound power level with that of Li et al. [10]

3.2. Acoustics response analysis of plate with varying thickness with attached patches / point
masses with different taper parameter (Hy)

The sound power level (dB, reference = 101> W) of plate clamped along all the four edges with
attached point masses and patches with different taper parameter (Hy) is investigated. The plate is
excited by a concentrated force of amplitude 1 N at the center of plate. A structural damping
coefficient of 0.01 is used for plate in air medium. A frequency range of 10-1000 Hz is chosen in
order to investigate the acoustic response analysis for different taper ratio (0.3, 0.6, and 0.9).

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. JUN 2016, VOL. 18, IsSUE 4. ISSN 1392-8716 2591



2071. ACOUSTIC RESPONSE OF CLAMPED ISOTROPIC PLATE WITH DISCRETE PATCHES AND POINT MASSES HAVING DIFFERENT THICKNESS
VARIATION. BIPIN KUMAR, VINAYAK RANJAN, MOHAMMAD SIKANDAR AZAM, K. PRIYA AJIT, RANJAN KUMAR

3.2.1. Case 1 (Linearly varying thickness)

Figs. 7 and 8 compare the sound power level of (plate + one patch) and (plate + one-point mass)
for different taper ratio. It is evident that one patch is more effective in achieving the minimum
sound power level (22 dB) than one-point mass for plate without taper. As taper increases to
Hy = 0.6, one-point mass becomes effective in getting minimum sound power level in comparison
to that of one patch due to modes contribution.

‘7 Plate without taper (H, = 0) with attached one patch ‘ ‘7 Plate without taper (H,=0) with attached one point maSS‘
100 ‘ ,,,,, Plate with taper (H, = 0.3) with attached one patch _ case 1 ‘ 100+ ‘ - - - -Plate with taper (H,=0.3) with attached one point mass_ case 1 ‘
90
@ 80
o /M
= 70 =2
4 )
B 60 2
5 50 g
2 a0] ] z 4
2, j g
'§30- E3 late with =0.6) with attached i
3 209 ‘ Plate with taper (H, = 0.6) with attached one patch _ case 1] 2 204 | Plate with taper (H,=0.6) with attached one point mass_case 1]
i n i - - -
10 ‘ ~~~=Plate with taper (H_= 0.9) with attached one patch _case | ‘ 10 ‘ —-=-=-plate with taper (H,=0.9) with attached one point mass_ case 1 ‘
T T T T T T T T T 1 0 T T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz) Frequency (Hz)
Fig. 7. Comparison of sound power level (dB) of Fig. 8. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hx = 0.3, 0.6, 0.9) with attached (Hx = 0.3, 0.6, 0.9) with attached
one patch for case 1 one-point mass for case 1
100 ‘7 Plate without taper (H, = 0) with attached two patches ‘ ‘ — Plate without taper (H,=0) with attached two point masses‘
100+ ‘ - - - - Plate with taper (H,=0.3) with attached two point masses _ case 1 ‘
3 )
N E
5} =
[
5 5
= 2
o 5)
. 2
]
(=9 23
° =]
5 £ 20
UO) 10 o | ‘ Plate with taper (H,=0.6) with attached two point masses _ case 1
] 3 10]
‘ -~~~ Plate with taper (H, = 0.9) with attached two patches _ case 1 ‘ 0 ‘ - Plate with taper (H,=0.9) with attached two point masses _case 1
0 T T T T T T T T T 1 O T T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz) Frequency (Hz)
Fig. 9. Comparison of sound power level (dB) of  Fig. 10. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hy = 0.3, 0.6, 0.9) with attached (Hy = 0.3, 0.6, 0.9) with attached
two patches for case 1 two point masses for case 1

Figs. 9 and 10 compare the sound power level of (plate + two patches) and (plate + two point
masses) for different taper ratio. Two patches with taper ratio of Hy = 0.9 is more effective in
achieving the minimum sound power level (34 dB) in comparison to that of two point masses with
different taper ratio. It is clear from Fig. 10 that the minimum sound power level of plate with two
point masses for different taper ratio (Hy = 0, 0.3, 0.6 and 0.9) are 40, 39, 39 and 41 dB
respectively at different corresponding frequencies 634, 380, 798 and 158 Hz. Obviously, these
values are very close to each other. Therefore, we have the option of selection of different taper
(at different frequencies) to achieve minimum sound power level. Figs. 11 and 12 show the sound
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power level of (plate + four patches) and (plate + four point masses) for different taper ratio. The
minimum sound power level for plate with four patches is 33 dB for Hy = 0.9 and minimum sound
power level for plate with four point masses is 34 dB for Hy = 0.6. It is quite evident that plate
with four patches at Hy = 0.9 is almost equally effective in comparison to four point masses at
Hy = 0.6. Out of Figs. 7-12, the minimum sound power level achieved is 22 dB for taper ratio,
Hy = 0 with one patch.

‘ — Plate without taper (H, = 0) with attached four patchcs‘

‘ — Plate without taper (H,=0) with attached four point masses‘

100+ 100+ ‘ - - - - Plate with taper (H,=0.3) with attached four point masses_ case 1 ‘
90 904
—~ 8 A
m 80 < 801 ) iy oA )
o ~ \ AL I'
= 77 ' 70 NN >
..... ~Z ke
2 60 2 604 NP y
- —
5 501 2 501
é 40- 8. 40 4
'g 30 'g 304
=
=3 i o - - -
8 20 ‘ Plate with taper (H, = 0.6) with attached four patches _ case l‘ wn 20 ‘ Plate with taper (H,=0.6) with attached four point masses_ case 1‘
104 10
‘ - Plate with taper (H, = 0.9) with attached four patches _ case 1 ‘ ‘ --==Plate with taper (H,=0.9) with attached four point masses_ case 1‘
0 X

100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)
Fig. 11. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper
(Hx = 0.3, 0.6, 0.9) with attached
four patches for case 1

Fig. 12. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper
(Hx = 0.3, 0.6, 0.9) with attached
four point masses for case 1

3.2.2. Case 2 (Parabolic varying thickness)

From Fig. 13, the minimum sound power level for one patch for parabolic varying thickness
is 22 dB for taper ratio, Hy = 0. The next minimum sound power level noted is 39 dB at
Hy = 0.9. Obviously, taper influences in obtaining the minimum sound power level. From Fig. 14,
we get the minimum sound power level of approximately 35 dB for plate with Hy = 0 and
Hy = 0.9. Clearly, one patch is more effective in achieving minimum sound power level in
comparison to one-point mass. From Figs. 15 and 16, it is clear that with two patches and two
point masses, the minimum sound power level achieved is almost equal to 36 dB.

‘7 Plate without taper (H, = 0) with attached one patch ‘ ‘ — Plate without taper (H,=0) with attached one point mass‘

—_
(=3
(=}

***** Plate with taper (H, = 0.3) with attached one patch _ case 2‘ ‘ - - - - Plate with taper (H,=0.3) with attached one point mass_ case 2‘

N ® O
S o o o O
1 1 1 1 1

(=]
1

S T I Y
(=3
1

Sound power level (dB)

0+ ‘ - Plate with taper (H,, = 0.6) with attached one patch _case 2‘ ‘ Plate with taper (H,=0.6) with attached one point mass_ case 2‘

1
S
1

‘, ——— Plate with taper (H,_ = 0.9) with attached one patch _ case 2‘ ‘ --=-=Plate with taper (H,=0.9) with attached one point mass_ case 2‘

100 200 300 400 500 600 700 800 900 1000

——————————T——T——T————
100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Frequency (Hz)

Fig. 13. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper
(Hx = 0.3, 0.6, 0.9) with attached
one patch for case 2
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Fig. 14. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper
(Hx = 0.3, 0.6, 0.9) with attached
one-point mass for case 2
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However, with two patches it occurs at Hy = 0.9 and with two point masses, it occurs at
Hy = 0.6. It is obvious from Fig. 17 that minimum sound power level for plate with four patches
is 35 dB at Hy = 0.9 and from Fig. 18, the minimum sound power level is 40 dB at Hy = 0.9. It
is evident from Figs. 13-18 that plate with one patch with Hy = 0 is most effective in achieving
minimum sound power level for parabolic varying thickness. Redistribution of patches and point
masses does not help in getting minimum sound power level for plate with parabolic varying with
different taper ratio (Hy = 0.3, 0.6, 0.9).

‘ — Plate without taper (H,=0) with attached two point masscs‘

‘ — Plate without taper (H, = 0) with attached two patches ‘

1004 ‘ - - - - Plate with taper (H,=0.3) with attached two point masses_ case 2
~~
/Mm
s
N
s}
>
2
—
[}
2
)
a,
’g 30+ ‘ - - - - Plate with taper (H, = 0.3) with attached two patches _ case 2‘ =
= i 204
(% 20 ‘ Plate with taper (H, = 0.6) with attached two patches _ case 2‘ Ug) 10 ‘ Plate with taper (H,=0.6) with attached two point masses _ case 2‘
10 ‘ == Platc with taper (H_ = 0.9) with attached two patches _case 2‘ 0 ‘, =+ Plate with taper (H,=0.9) with attached two point masses_ case 2‘
0 T T T T T T T T T 7 T T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000 100200 300 400 500 600 700 800 900 1000
Frequency (Hz) Frequency (Hz)
Fig. 15. Comparison of sound power level (dB) of  Fig. 16. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hx = 0.3, 0.6, 0.9) with attached (Hx = 0.3, 0.6, 0.9) with attached
two patches for case 2 two point masses for case 2
‘ —— Plate without taper (H,, = 0) with attached four patches ‘ — Plate without taper (H,=0) with attached four point masses‘
1001 ‘ - - - - Plate with taper (H,=0.3) with attached four point masses_ case 2‘
90
)
% <) 804
= § 704
% B 604
. B 504
2 2
z 8 404
_g‘ 30 ‘ - - - - Plate with taper (H, = 0.3) with attached four patches _ case 2‘ "8 30
2 0] : : 3
g 20 ‘ Plate with taper (H, = 0.6) with attached four patches _ case 2‘ C% 20 ‘ - Plate with taper (H,=0.6) with attached four point masses_ case 2‘
@ 10 = ]
. ‘ --=-~=-Plate with taper (H, = 0.9) with attached four patches _ case 2‘ 10 ‘ ~—— Plate with taper (H=0.9) with aftached four poin masses_case 2‘
T T T T T T T T T 1 0 T T T T T T T T T 7
Frequency (Hz) Frequency (Hz)
Fig. 17. Comparison of sound power level (dB) of  Fig. 18. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hy = 0.3, 0.6, 0.9) with attached (Hy = 0.3, 0.6, 0.9) with attached
four patches for case 2 four point masses for case 2

3.2.3. Case 3 (Linearly increasing-decreasing varying thickness)

From Fig. 19, the minimum sound power level for plate with one patch and with linearly
increasing — decreasing varying thickness, occurs at 22 dB at Hy = 0, whereas the minimum sound
power level for plate with one-point mass is reported at 35 dB at Hy = 0 as shown in Fig. 20.
Different taper ratio (Hy = 0.3, 0.6 and 0.9) donot improve in getting the minimum sound power
level with one patch or with one-point mass. From Fig. 21, it is apparent that the minimum sound
power level for plate with two patches is at 50 dB at Hy = 0.9, whereas the minimum sound power
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level for plate with two point masses is at 33 dB at Hy = 0.3 at two different Hy = 0.3 and 0.9 as
shown in Fig. 22. From Figs. 21 and 22, it is clear that two point masses are more effective in
achieving the minimum sound power level in comparison to two patches. Figs. 23 and 24 compare
the sound power level for plate with four patches and four point masses. The minimum sound
power level for plate with four patches is 33 dB at Hy = 0.3 and minimum sound power level for
plate with four point masses is 47 dB at Hy = 0.9. Obviously four patches are more effective in
achieving in minimum sound power level in comparison to four point masses. From Fig. 24, we
get an interesting observation that for frequency band of approximately 450-950 Hz, the sound
power level for plate with four point masses at Hy = 0.9 is always lower in comparison to different
taper ratio (Hy = 0, 0.3 and 0.6). From Figs. 19-24, it is observed that plate with one patch without
taper (Hy = 0) is most effective in achieving minimum sound power level. Redistribution of
patches and point masse, does not help in achieving minimum sound power level for plate with
different taper ratio (Hy = 0.3, 0.6 and 0.9).

‘7 Plate without taper (H, = 0) with attached one patch ‘ ‘ — Plate without taper (H,=0) with attached one point mass‘
100~ - - 100+
‘ - - - - Plate with taper (H, = 0.3) with attached one patch _ case 3‘ ‘ - - - - Plate with taper (H,=0.3) with attached one point mass_ case 3‘
90 90
~ 80 —
/M as]
Z 70 2
S 60 S
2 2
= 501 -
5] o
Z 40+ 2
o o
<304 =%
20 ol
1y ] Plate with taper (H,=0.6) with attached int mass_ casc 3
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Fig. 19. Comparison of sound power level (dB) of  Fig. 20. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hy = 0.3, 0.6, 0.9) with attached (Hy = 0.3, 0.6, 0.9) with attached
one patch for case 3 one-point mass for case 3
‘7 Plate without taper (H, =0) with attached two patches ‘ ‘ — Plate without taper (H,=0) with attached two point masses‘
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Fig. 21. Comparison of sound power level (dB) of  Fig. 22. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hx = 0.3, 0.6, 0.9) with attached (Hx = 0.3, 0.6, 0.9) with attached
two patches for case 3 two point masses for case 3
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‘7 Plate without taper (H, =0) with attached four patches ‘
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Fig. 23. Comparison of sound power level (dB) of  Fig. 24. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hy = 0.3, 0.6, 0.9) with attached (Hy = 0.3, 0.6, 0.9) with attached

four patches for case 3 four point masses for case 3

3.2.4. Case 4 (Parabolic increasing—decreasing varying thickness)

From Fig. 25, it is observed that minimum sound power level for plate with one patch is 22 dB
at Hy = 0, whereas from Fig. 26, it is noted that minimum sound power level for plate with
one-point mass is 5 dB at Hy = 0.3. For plate with two patches, minimum sound power level is
25 dB at Hy = 0.3 as shown in Fig. 27. It is observed from Fig. 27 that we get a frequency band
of approximately 500-850 Hz, where sound power level for Hy = 0.9 (plate with two patches) is
always lower for other taper ratio (Hy = 0, 0.3 and 0.6). From Fig. 28, it is clear that minimum
sound power level for plate with two point masses is approximately 30 dB for two taper Hy = 0.3
and 0.9. From Fig. 29, it is noted that minimum sound power level for plate with four patches is
42 dB at Hy = 0.6, whereas for plate with four point masses, the minimum sound power level is
40 dB at Hy = 0.3 as shown in Fig. 30.

‘ — Plate without taper (H, = 0) with attached one patch ‘ ‘ - - - - Plate with taper (H,=0.3) with attached one point mass_ case 4‘
100 ‘ = Dltc with taper (HL, = 0.3) with attached one paich _case 4 100 \ Plate with taper (H,=0.6) with attached one point mass_ casc 4]

—_ 904 Ly ‘ --—= Plate with taper (H,=0.9) with attached one point mass_ case 4‘
m ~
S gs
= =7
> o
5 26
b5y [
IS4 oS5
g z
Q o 4
& =%
=]
e ED
) 4 20 i —0)wi i '
n 20 ‘ - Plate with taper (H, = 0.6) with attached one patch _ case 4‘ 8 ‘ Plate without taper (H,=0) with attached one point mass‘ .

104 104 '

‘ === Plate with taper (H, = 0.9) with attached one patch _ case 4‘ 0
0 ————————— ————————T——T——T——T——7——
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz) Frequency (Hz)

Fig. 25. Comparison of sound power level (dB) of  Fig. 26. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hx = 0.3, 0.6, 0.9) with attached (Hx = 0.3, 0.6, 0.9) with attached

one patch for case 4 one-point mass for case 4

Obviously four patches or four point masses do not affect significantly in getting minimum
sound power level. However, for plate with four point masses, we get a frequency band of
approximately 650-930 Hz, where sound power level with Hy = 0.9 is always lower than that of
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other taper ratio (Hy = 0, 0.3 and 0.6). Out of above case (parabolic increasing — decreasing)
considered, as evident from Figs. 25 — 30, one-point mass, is more effective in getting minimum
sound power level of 5 dB at Hy = 0.3 in comparison to different taper (Hy = 0, 0.6 and 0.9) and
masses/patches arrangements.

‘7 Plate without taper (H,=0) with attached two patches ‘ ‘ — Plate without taper (H,=0) with attached two point masses‘
100+ ‘ - - - - Plate with taper (H,=0.3) with attached two patches _ case 4‘ 1004 ‘ -~ -~ Platc with taper (FL,=0.3) with attached two point masses_case 4‘
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Fig. 27. Comparison of sound power level (dB) of  Fig. 28. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hy = 0.3, 0.6, 0.9) with attached (Hy = 0.3, 0.6, 0.9) with attached
two patches for case 4 two point masses for case 4
‘7 Plate without taper (H,=0) with attached four patches ‘ ‘ — Plate without taper (H,=0) with attached four point masses‘
1001 ‘7 - -~ Plate with taper (H,=0.3) with attached four patches _ case 4‘ 1004 ‘ - - - - Plate with taper (H,=0.3) with attached four point masses_ case 4‘
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80- R
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0 ; ; ; ; ; ; ; ; ; . 0 ‘ —==-Plate with taper (H,=0.9) with attached four point masses_ case 4‘
T
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Fig. 29. Comparison of sound power level (dB) of  Fig. 30. Comparison of sound power level (dB) of
plate without taper (Hy = 0) and with taper plate without taper (Hy = 0) and with taper
(Hy = 0.3, 0.6, 0.9) with attached (Hy = 0.3, 0.6, 0.9) with attached
four patches for case 4 four point masses for case 4

3.2.5. Peak sound power level variation with different taper ratio for all the cases

Figs. 31-36 show the variation of peak sound power level with different taper ratio for plate
with patches and point masses for all the cases (1, 2, 3 and 4 as shown in Fig. 3). Plate with four
patches with linearly increasing — decreasing thickness variation (case 3 as shown in Fig. 3) at
Hy = 0.3 is most effective in achieving minimum peak sound power level (82 dB). It if further
observed from Fig. 35 that for a wider range of taper ratio i.e. (Hy = 0.15-0.45), plate with four
patches with linearly increasing — decreasing thickness variation remains a choice for getting
minimum peak sound power level (85 dB) for all the cases considered. For taper ratio Hy = 0.6,
the most effective arrangement in getting minimum peak sound power level is plate with one patch
with parabolic increasing — decreasing thickness variation (as shown in Fig. 31).
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Fig. 31. Variation of peak sound power level without
taper (Hy = 0) and with different taper ratio taken for
plate with one patch for case 1, 2, 3 and 4

Fig. 32. Variation of peak sound power level
without taper (Hy = 0) and with different taper
ratio taken for plate with one-point mass

for case 1,2, 3 and 4
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Fig. 33. Variation of peak sound power level without
taper (Hy = 0) and with different taper ratio taken for
plate with two patches for case 1, 2, 3 and 4

Fig. 34. Variation of peak sound power level
without taper (Hy = 0) and with different taper
ratio taken for plate with two point masses
for case 1, 2, 3 and 4
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Fig. 35. Variation of peak sound power level without
taper (Hy = 0) and with different taper ratio taken for
plate with four patches for case 1, 2, 3 and 4

Fig. 36. Variation of peak sound power level
without taper (Hy = 0) and with different taper
ratio taken for plate with four point masses
for case 1, 2, 3 and 4

Bipin Kumar — research scholar under the guidance of Vinayak Ranjan. Vinayak Ranjan —
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overall supervision and guidance. K. Priya Ajit — contributing in analytical analysis of model.
Mohammad Sikandar Azam — contributing in finite element modeling. Ranjan Kumar —
contributing in finding results.

4. Conclusions

The sound radiation due to vibration of clamped plate with different taper ratio with attached
discrete patches and point masses is investigated. The mass of the (plate + patches) and (plate +
point masses) are kept constant and equal. The minimum sound power level (5 dB) achieved is
for plate with one-point mass with parabolic increasing — decreasing thickness variation at
Hy = 0.3. Minimum peak sound power level of 82 dB is obtained for plate with four patches with
linearly increasing — decreasing thickness variation at Hy = 0.3. For minimum peak sound power
level (85 dB), wider variation of Hy (0.15-0.45) for plate with four patches with linearly increasing
— decreasing thickness variation is possible.
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