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TNTRODUCTION

The sound radiation characteristics of the rectangular enclosure such

as the acoustical box will be varied by attachment conditions (i.e.

with and without glueing) to the frame. Thus. this characteristics will

depend on coupling loss factors with respect to the sound radiation.

Statistical energy analysis is applied to predict noise reduction and

sound radiation efficiency of the rectangular enclosure, when thin

panels of the enclosure are excited by airborne sound.

On this report. we investigated whether noise reduction and sound

radiation efficiency vary or not due to coupling loss factors of two

different attachment conditions.0ne of these conditions is only the

case of the panel bolted to the box frame.

It is shown that by our assumption of the receiving room being the free

space or the anechoic room. the external sound pressure near the panel

can be obtained from the sum of the resonant sound radiation power and

the non-resonant sound transmission power from the paneL

THEORETICAL CONSIDERATION

2 1 Power Balance Between Coupled Systems

On the coupled systems of two attachment conditions such as panels are

bolted to frames with or without glueing. when panels of the enclosure

are excited by airborne sound, we shall assume that there are no power

flow between panels and frames because of equipartition of modal energy

in the coupled systems. These energies stored to the coupled systems

.sre not the energy by flexural vibration of frames. but at most will be

the energy by that of panels. Thus so that we can be negligible energies

stored to frames, we consider power balance only between panels and

enclosure. The suitable representation for power balance is obtained as

follows(see Fig.1);

Endiss wj + {"55 + [713) “ E“?! (1)
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{sujorg} + ZSwjmn51 + ZSUanSJ - ssufnzj (Z)

The spec:rum of sound pressure within the enclosed space is obtained by
the equation;

\

1
s: - vczss/v (a) so; = nujssj - Muj<vaj>/Af (4)

n53t = n3] + n53 + n51 (5) nsfl'é"j = “vinsj (6)
The external sound pressure without the enclosure is determined modes
of the panel. i.e. the power due to the radiated sound and the mass-
law transmission;

SgMJ/pc . sujunfd + 55m"; (7)

2.2 Radiation Loss Factor and Non—Resonant Sound Transmission

For panels of the our enclosure we consider as n31 " n51 ' nggd .
The radiation loss factor to half space nggd of a simply-supported
panel has been derived by G.Maidanik[1].
The non-resonant power flow 55””; and the coupling loss factor n; can
be derived from mass-law transmission as the following two equation;

ssmn; - (SgV/oc2)wn§ — (sgc/aoc2)Aqu (a)

“I; . max/Adv ' (g)

2.3 Noise Reduction and Sound Radiation Efficiency

Noise reduction of the enclosure is given from Eqs.(3) and (7) as
follows; “

NR = 10 log sg/sg (an) (10)

If by flexural vibration the acoustic power radiated with surface area
A is P , sound radiation efficiency a is given as follows;

a = P/Po = refuge/MM (11)

2
P ' ij‘ij’Wfiiz'gd Po - pc<v51>Auj

But in general the practical measurements. we may measure the sound
pressure due to the sum of resonant sound radiation power and non—resu-

,nant sound transmission power. Thus we introduced the apparent sound
radiation efficiency follows;

puvapmaa” - mngyonsj + sénumg (12)

Vapp - “def + Eénungliocwayhj) (13)
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where 5%“ is the energy stored in the enclosure 5 and is obtained

as follows;

5;“ - {Muj<v65>n55/n§°‘ (1h)

If it is assumed that mean modal energies between coupled systems are

equal. the theoretical NR and a may be obtained by eliminating the
measured <vE’J) in Eqs.(10) and (13).

MEASUREMENT METHOD

The acoustical enclosure and the panel used to the measurement are shown

as follows; a) enclosure dimensions QDOX6ODX600 mm, frame(ang1e steel);
30x30x3 mm, exciter; speaker. 1:) panel; steel(0.8 mm thick). plywood
(3.0 mm thick). The rectangular enclosure was made with five panels. and
these were bolted to frame (with abolt spaceing of 150 mm ) with or
without of glueing. _
The internal and external sound pressure of the enclosure, and the

acceleration of panels were measured by averaging in time and space.

The loss factor associated with panelswere obtained from measurements

of vibration decay time T at frequencies f as n = 2.2/5.1- _

Experimental values of' the apparent sound radiation efficiency are given

in logarithmic form as follows;

1t)ng am, e Lp — Lv (d3) (15)
LP ; external sound pressure level

LV ; velocity level of panel (ref: SXE-E m/s)

EXPERIMENTAL RESULTS ‘

As compared with two curves of the total loss factor due to difference
between attachment conditions in Fig.3, these curves showa similar

tendency. Experimental valuesof noise reduction by twodifference
attachments shown in Fig.4 almost agree, and also these agree well with
theoretical results. Fig.5 shows sound radiation efficiencies containing
the non-resonant sound transmission power. There ia'a little difference
in these efficiencies by two different attachments.

It will be suitable to consider as the panel glued and bolted to the
frame reduce the radiation efficiency. because of the difficulty for
the radiation due to the glued panel.

CONCLUSION

As the results, noise reduction could not be found the difference
between two attachment conditions with and without glueing. but sound
radiation efficiency existed in a little difference. In case of two
different attachment conditions. S.E.A. is applied to predict noise

reduction and approximate sound radiation efficiency.
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