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Sound Transmission Through Thin Panel
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Region 1 Resonance Controlled
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1st Panel Resonance

For simply-supported rectangular panel:

7 |ER*[ (ny ? ny ?
flnem) =3 |12, <Lx) +<§> Sy

where:
E Young’'s modulus L
h plate thickness Y
p density |
, | |
Ny x mode index | | X
ny y mode index L,
L, plate width in x direction
L, plate width in y direction
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Panel Resonances

First 4 modes of a 30 inch square steel plate which is 1/8 inch thick.

Index
Mode
shape If possible, avoid first
several resonances in the
frequency range of
Frequency 25.5 Hz 63.7 Hz interest.
Index
Mode
shape
Frequency 101.9 Hz 127.4 Hz
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Region 2 Limp Panel Theory

<——Region [I—

Transmission loss. dB

controlled

Log frequency, Hz

Assumption:
« Panel is homogeneous
« Stiffness and damping ignored — mass only
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Normal Incidence Transmission Loss

ar Define T transmission coefficient:
: I. _1CI?/poc _ICI? 1 1
e T=—= = = =~
Ae~tkx || I |AI2/poc  1AI* 1+ (wps/2poc)  wps/2poc
—- :
Bethx | where:
< ; " >
| Ce Hx .
g ps =m/S Panel surface density
—
Clelkx _:_ .
_E/ TLO == 1010g10 (;) == ZOlOgIO(pSf) - 42 (dB)
x=0 Mass Law: Higher surface density, higher TL.

11
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Oblique Incident Sound Transmission

Diffusive sound field: plane waves of the same average intensity travelling
with equal probability in all directions.

) fo(p“m 7 (¢)cos @ sin @ do
T = .
T = 1() fgohm cos @ sin @ do

For field incidence (better agreement with measurement)  @lim = 78°

TLpieig =TLy— 5.5 dB  1/3 octave bands

TLgpijeig =TLy— 4.0 dB  octave bands
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Field Incidence

Theoretical sound transmission loss of large panels for frequencies

in Region 2:
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7ps = frequency X surface weight, Hz X Ib/ft?
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Region 3 Coincidence Effect

~+——Region Il

Extension of

This pronounced dip in transmission loss curve

occurs when the wavelength of sound in the air

g_ coincides with the structural wavelength. This
E i frequency is called critical frequency.
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Radiation Efficiency

In thin plates, the dominating vibration
will be bending vibration. Unlike an
acoustic wave, bending wave speed
is dependent on frequency.

0.35;
Sound in the air
Plate bending 031 0.20” steel plate
. 0.25/ 0.15” steel plate
4 |Dw? omalD £ 0.10” steel plate
Ps Ps g 015+
2
Sound in air 0.1
0.05}
C
/1a = f 0 ‘ | |
1000 3000 5000 7000 9000
Frequency(Hz)
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Radiation Efficiency

Ay LKAqg Al=1l—-1_=0 Ap = Aq  AL>0

The plate will perform like

closely distributed out-of-

phase sources. . ,
l+////:/// l_|/_/////////
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Radiation Efficiency

Define radiation efficiency: 10
w | /
7 peSwE) 10" 0 %7
. (1,1 :
o || T
107 d /
where: / /
w Actual sound power radiated s %
Vn Mean square normal velocity 107 “’/31/ VA
S Panel area /“.ﬁ///
10 /

X
5

(2,2

/2, 3)

0.1 1

Around and above critical frequency, the
thin panels are very efficient radiators.
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Effect of Thickness

Increase TL according to Mass Law

TLy = 201ogy(psf) — 42 h T

Shift critical frequency above range of interest

_c® |12(1 = v?)ps
Je = 21 Eh3 h l

Poses a dilemma due to inconsistent requirement.
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Various Designs

Laminated Panels

aoTlrj*r—fTTI;J.'|rT]-‘

-

Mass Low — 1" Gypsumboard

6ol \ -

Mass Law — /2" Gypsumboard \

Measured 1/2" +1/2"
Spot La:ninated
40~ Gypsumboard

Transmission Loss, dB

. o
Tl s o °
20 ;(/G/Q/O‘O c\\ =

. Measured 1/2" Gypsumboard

OLL i'l_L_l#‘lll[l_IllLilil
63 125 250 508 1000 2000 4000 8000

Frequency, Hz

Single 1-inch and two 1/2-inch spot laminated sheets of
gypsum board
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Double Panels
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For Composite Panels

For each part of the panel

1 <2pc5i>2 < pc )2

T: = ~ =

l 1 +( wm; )2 wm; Tf Psi
2poCS;

For composite panels

DTS

Sto tal

Ttotal =

Transmission loss

TLtotq = 10 log10
Ttotal
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Transmission Loss of a Composite Panel

n Sn TLl Tn
11 2 | 20 0.01
21 2 | 10 0.1
1
7=-(0.01-2+0.1-2) =0.055
4 S
2
TL =101 = 12.6 dB S
9810 5055 '
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Transmission Loss of a Composite Panel
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Transmission Loss of Slits

For kw < 0.5

Slit in the center of a wall

B 2w
F Tk
Slit on edge of wall
B 4w
TE
w width or height of slit (use 1.2 mm for doors with no seals)
[ depth of the slit
k wavenumber
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Treatment with Ventilation Openings

Outlet

’ ; *_, opening | ~ ] . |
Enclosure _ L F\ Enclosure 9,31 - Outlet
o il ! 25 4! duct
T i 4 w’) t
| / l
- I
: -Iniet : Ll l
duct -
\»
Inlet o
; opening
Untreated Treated
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Baffle Silencers Examples

Low frequencies /

Thick absorbent High frequencies Both low and high frequencies
Large air gap Thin absorbent Thick absorbent
Small air gap Small air gap
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Absorption materials Flow Resistivity o

Resistive
Screen
w; W
i S iss
M W,

>

--!---

Vibro-Acoustics Consortium

In theory, the dissipated power (W ;) is
a maximum when o,.t = 2pc. A general
rule of thumb is that a sound absorber
will be effective when o,t = npc where n
is on the order of 2. This assumes that
the acoustic resistance is equal to the
static flow resistance.

ot
pc

~y
~y

Absorption Coefficient

Flow Resistivity
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Baffle Silencers Design Parameters
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Baffle Silencers Entrance Loss

10

ALENT’dB

The entrance loss is high when the air gap is comparable to a wavelength.

Vibro-Acoustics Consortium 31




Ver and Beranek, 2005 April 8, 2021

Baffle Silencers Normalized Attenuation L,

Normalized flow resistivity:

fh/kHz.cm —
5 1

10 N I ll T T TT]
od d
R - 5 “_
C !
p d/h=0.5
B 66% OPEN
The normalized attenuatlonI L, 2|~ I@r@? |
has been computed for various T ﬁ oL
percentage of open area of B d‘ '2; ;
silencer cross section and for s o 1;:_-:
various values of the normalized 5| —
flow resistivity of absorption ]
materials in the baffles. ,
0.1 A7/ 74
0.01 2 5
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Sealed Enclosure

L, = Ly — TLpie1q — 101ogyo Se + 10logyg <0.3 + Se(;;?”)
i
Ly, sound power of the source (dB)
Se external surface area
S; internal surface area
a; average sound absorption
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Sealed Enclosure (Simplified Equation)

Lp =LW—TL—1Olog1053+C

TABLE 7.8 Values of coefficient, C (dB), to account for enclosure internal acoustic conditions.
The following criteria are used to determine the appropriate acoustic conditions inside the enclosure

Enclosure internal Octave band centre frequency (Hz)

acoustic conditions “"63 125 250 500 1000 2000 4000 8000
Live 18 16 15 14 12 12 12 12
Fairly live 13 12 11 12 12 12 12 12
Average 13 11 9 7 5 4 3 3
Dead 11 9 7 6 5 4 3 3

Live: All enclosure surfaces and machine surfaces hard and rigid.

Fairly live: All surfaces generally hard but some panel construction (sheet metal or wood).
Average: Enclosure internal surfaces covered with sound-absorptive material, and machine sur-
faces hard and rigid.

Dead: As for ‘Average’, but machine surfaces mainly of panels.
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Partial Enclosures (2 inch lining)

. )

20
TL =30
0
10
8 —10
6 -~

\_V

=N

(8]

Sound power reduction (dB)

/
/
1 1\

0.4 0.5 0.63 @ 1.0

Ratio of covered to total area

(o]

P —
/
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Partial Enclosure Insertion Loss

Q
IL = 101logy, [1 + &( total _ 1)] dB

Qopen
a average sound absorption
Stotal
Qtotal = —5— solid angle of enclosure
Tavg
S0
. pen . .
Qopening = —5— solid angle of enclosure opening
ropen
Tavg average distance from source center to enclosure
Topening distance from source center to opening center

g//
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Test Case

« 0.48x0.48 x 0.66 m3

* Opening of radius 0.051 m

* Top and left panels (1 mm thick steel)
« All other panels (2 mm thick steel)
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Measurement Setup

Sound Absorption Material

Wood Blocks Opening Area
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Enclosure Modes
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Indirect BEM
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Impedance

Field Point Mesh

|

il

\

Symmetry Plane

Vibro-Acoustics Consortium

42




April 8, 2021

Modeling Approach Impedance
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5 Empirical model provides a more
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Modeling Approach Source Geometry
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Modeling Approach Source Geometry
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Modeling Approach Panel Absorption
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Modeling Approach Panel Absorption
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Modeling Approach Coupling

Vibrating Plate
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Modeling Approach Coupling
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Validation Test Two Openings

Additional Opening Original Opening
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Validation Test Two Openings

Absorbent Material

A T AT

LA S AR AT
Dl
o

Two Openings

Field Point Mesh

Ground
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Validation Test Increased Open Area
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