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1. Introduction

The authors thank Dr. Fahy for his comments on our paper [1]. The comments may be
condensed into three claims:

1. The air-gap system cannot be called a sound absorber.
2. The influence of the panel (partition sheet) damping on the performance of the air-gap system

should be explored.
3. A comparison between theoretical results and experimental ones should be presented.

2. Technical consideration

Our opinions on the above three claims are as follows:
(1) The air-gap system cannot be called a sound absorber: Dr. Fahy indicates that the air-gap

system should be termed ‘dynamic neutrailizer’ or ‘detuner’ instead of ‘sound absorber’, because
no consideration is taken for the damping of the panels (partition sheets) and ‘absorption’ can be
produced only by a dissipative process due to damping. We essentially agree with the above
indication. However, the air-gap system may be called a ‘sound absorber’ because the dynamic
absorber, composed of mass ma; spring constant sa and damping coefficient Ra in Fig. 1, is called a
‘dynamic absorber’ in both cases of Ra ¼ 0 and Raa0; i.e., it is called an ‘undamped dynamic
absorber’ for Ra ¼ 0 or ‘damped dynamic absorber’ for Raa0 [2]. The reason that the
terminology ‘absorber’ is commonly used for both cases is that the vibration energy of the main
system composed of mass m and spring constant s in Fig. 1 is absorbed (moved) into the dynamic
absorber when ma and sa are appropriately tuned.
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Similarly, for the air-gap system, the acoustic energy of the main cavity indicated in Fig. 2 is
absorbed (moved) into the gap when the gap thickness and the modal characteristics of the
partition sheet are suitably tuned. From this fact, the air-gap system may also be called a ‘sound
absorber’ regardless of the existence of the panel (partition sheet) damping. An ‘absorption
process’ in the air-gap system means the movement of the acoustic energy to the gap, not the
dissipative action of the acoustic energy.
(2) The influence of the panel (partition sheet) damping on the performance of the air-gap system

should be explored: The so-called damped air-gap system, which considers both the damping of the
partition sheet and the sound absorption of porous materials inside the gap, is being investigated
by the authors. The current and future work on the damped air-gap system are concisely
addressed here.
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Fig. 1. Dynamic absorber of mass ma; spring constant sa and damping coefficient Ra:
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Fig. 2. Analogy of a cavity with an air-gap system to a vibratory system with a dynamic absorber.
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As shown in Fig. 2, to explore more analytically the effect of the damping elements in the air-
gap system, the acoustic–structural coupled system composed of the main cavity and the air-gap
system is replaced by the simple two-degree-of-freedom vibratory system. Mass m and spring
constant s of the main system in the simple vibratory system are determined so that the natural
frequency

ffiffiffiffiffiffiffiffi
s=m

p
of the main system can equal oðiÞ

cavity; which denotes the ith acoustic natural
frequency of the main cavity. Note that the target resonance that must be suppressed by the air-
gap system is the resonance of the ith acoustic mode of the cavity in the current case
ð

ffiffiffiffiffiffiffiffi
s=m

p
¼ oðiÞ

cavityÞ:
Next, in order to determine the mass and spring constant of the dynamic absorber that can

simulate the air-gap system in Fig. 2, the non-dimensional resonance frequency of the air-gap
system obtained in the previous study [1] is employed. In the previous work [1], the non-
dimensional resonance frequency Oreso of the single gap system was extracted as

Oreso ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
O2

s þ 1=ðp2msZÞ
q

; ð1Þ

where Os and ms denotes the dimensionless natural frequency and mass of the partition sheet,
respectively; Z represents the dimensionless gap thickness. For more detailed explanations on
Eq. (1), refer to the previous paper [1]. By using Oreso ¼ oreso=o

ð1Þ
cavity; Os ¼ os=o

ð1Þ
cavity; ms ¼

ms=Mcavity and Z ¼ DL=Leq expressed as the resonance frequency of the air-gap system oreso; the
mass of air inside the cavity Mcavity; the gap thickness DL; and the equivalent length of the cavity
Leq ¼ pc=otarget (otarget: the frequency (unit, rad/s) of a target resonance peak), Eq. (1) may be
written in the dimensional form

oreso ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðss þ sgÞ=ms

q
; ð2Þ

where ss and ms denotes the spring constant and mass of the partition sheet in Fig. 2; sg ¼
rc2S=DL denotes an added stiffness expressed by the density of air r; the speed of sound c; and the
area of the partition sheet S: Note that the added stiffness is generated by sound pressure inside
the gap, and that it is inversely proportional to the gap thickness DL:
From Eq. (2), the air-gap system may be considered as the dynamic absorber with mass ms and

spring constant ss þ sg as shown in Fig. 2. Note that Rs and Rg are, respectively, related to the
damping of the partition sheet and the absorption of the porous materials inside the gap. Finally,
the two-degree-of-freedom vibratory system as illustrated in Fig. 2 will be used to explore the
influence of the damping (Rs þ Rg) of the air-gap system on an acoustic frequency response at a
position in the main cavity.
(3) A comparison between theoretical results and experimental ones should be presented: To verify

the resonance frequencies of the double-gap system presented in the paper [1], experiments on the
double-gap system have been carried out as shown in Fig. 3. Experimental results and discussions
have been fully addressed in another paper that will be published soon. Furthermore,
investigations into the influence of the damping in the design optimization of the air-gap system
have also been performed, in a similar manner that was explored in Fahy’s paper [3].
Here, one of many experimental results obtained is shown in Fig. 4, where the double-gap

system needs less gap than the single-gap system does to suppress the target resonance peak. The
single-gap system needs a 10.5 cm-gap but the double-gap system needs only a 6 cm-gap, which is
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equally divided into the upper and lower gaps. This usefulness of the double-gap system has
already been predicted from the theoretical model on the left hand side of Fig. 2 [1]. Note that the
acoustic frequency responses change interestingly when the upper and lower gaps are not divided
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Fig. 3. Experimental set-up of a box-shaped cavity with the double-gap system.
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Fig. 4. Acoustic frequency responses measured inside the box-shaped cavity.
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equally. The discussion on the changes in the acoustic frequency responses is given in another
paper that will be published.
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