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Many kinds of audio-bases are used to adjust or modify the reproduced music sound of
stereophonic equipment by just propping the equipment on them. Their mechanism how
to modify the sound of stereophonic equipment was not clarified in spite of popular usage.
In this study, to clarify the working mechanism of audio-base theoretically, we derive an
analytical expression of vibration transmission characteristics. The relationship between
input and output is described by four-terminal constants by introducing four-terminal net-
work model for input-output of audio-base. The four-terminal constants are easily given
from solutions of wave equation solved under two extreme boundary conditions at end,
that is “open” and “close” corresponding with infinite and zero impedances. The factors
on “form” and “material of the audio-base” are reflected in the four-terminal constants as
“flair constant”, “cross-section”, “Young’s modulus” and “wave velocity” used in the
wave equation. Here, to evaluate the transmission characteristic of vibration energy from
loaded equipment into audio-base, a driving impedance at input is most convenient and it
is easily evaluated by using the four-terminal constants with following impedance of au-
dio-base. Finally, we carried out numerical evaluation of driving impedance of audio-
bases formed into exponential and conical horn and compared with experimental results.
In conclusion, we could find out an alternating frequency point of vibration transmission
characteristic of audio-base.
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1. Introduction

Stereophonic equipment is used to realize a past stage performance in present place beyond time
and space by precise representation of not only music or performance sound but also the high order
acoustic and sensational information on surrounding environment [1-3]. For real representation, the
stereophonic equipment is required to furnish an ability to represent the minute acoustic state of re-
cording cite like as reverberation of hall, sound besides music, breathing of player efc. Though, the
music signal has enough signal level to represent precisely against induced noise in stereophonic
equipment, this very faint sound information at recording cite is too minor to represent precisely
against the noise. Most origins of this noise are related with electrical causes but some origins seem
to be related with mechanical vibration. When the vibration is induced on the equipment and it be-
comes an origin of noise induced by electro-magnetic effect, vibration suppression become an effec-
tive method to reduce the noise.
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Usually, many kinds of audio-bases are used to adjust or modify the reproduced music sound of
stereophonic equipment just putting the equipment on them. Considering this usage, their working
should be limited in mechanical action just changing the vibration state of loaded equipment. In ac-
tually, stereophonic equipment has built-in power transformer and/or CD driver as vibration origin
and furthermore airborne sound own reproduced music sound will be vibration origin. Then, the au-
dio-bases are excited by loaded equipment on their top surfaces, and the vibration transmits to another
end. This vibration transmission characteristic seems important to reproduced sound quality. In pre-
vious studies [4,5], we clarified experimentally that the audio-base decreases vibration on the stereo-
phonic equipment and as a result, it reduces the noise included in output signal.

In this study, we derive vibration transmission characteristic of audio-base by using four-terminal
constants common in electric network analysis [6]. To compare the difference in effect of audio-bases
related with their form, we employed 3 types of audio-bases formed into exponential horn, conical
horn and cylindrical ones. To evaluate the vibration transmission characteristics depends on the driv-
ing point “throat” or “mouth” of audio-base, we evaluated numerically the driving impedance by
using the four-terminal constants under an assumption with following impedance made by same ma-
terial. Furthermore, it is convenient to evaluate the four-terminal constants for multiplex cascade con-
nection of elements. That is just given as products of each fundamental matrix consist of four-terminal
constants. On the other hand, based on electric circuit theory, the amount of transmitted vibration
energy from oscillating source to loaded impedance can be evaluated by ratio of loaded one to internal
one of source [6]. Consequently, comparing the driving impedances between driving points at “throat”
and “mouth”, we could find an alternate frequency on amount of transmitted vibration energy related
with driving impedance depends on exciting point. This alternate frequency in vibration transmission
is correspond with experimental result of difference in vibration velocity between input and output
of audio-base which illustrate vibration reduction level.

2. Four-terminal network expression of audio-base

An audio-base has “throat” and “mouth” as input or output. Usually, the “throat” is set on the
floor and the “mouth” is attached to loaded equipment. Considering the previous results [4,5], that
the audio-base decreases vibration on the loaded stereophonic equipment, in this study, to clarify the
work of audio-base, we carried out theoretical analysis of vibration transmission characteristic by
using four-terminal electric circuit model. The forced longitudinal vibration at input causes stress and
oscillatory velocity in an audio-base and they transmit to another end of audio-base. Let an audio-
base be excited by input vibration P;, v; and cause vibration P;, v; at output, the audio-base can be
illustrated by the four-terminal constants as shown in Fig. 1 with internal impedance Z, and following
load impedance Z;.

medium Vv v
> —_
Z, A B '
PiT zZ, ]Pt
C D [
Audio-base medium

Figure 1: Four-terminal electrical network expression for input and output of an audio-base.

Here, let the input and output of audio-base at x=0 and x=h respectively. Then, based on the mech-
ano-electric transformation, we can describe the relationship between input and output by a four-
terminal electrical network model as follows;
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P(0)= A P(h) + B v(h), (1)
W0) = C P(h) + D w(h) 2)

where P(0) and v(0) are the stress and velocity of vibration at input and P(%) and v(4) are those at
output with four-terminal constants 4, B, C and D. They are defined as

A =PO)Ph)vym=-0,  C=v(0)/P(h)|vnyo, (3-1)
B =PO)v(h)lpm=0, D =v(0)v(h)|pm-o. (3-2)
Here, v(7)=0 means the “fixed” condition with infinity impedance and P(#)=0 means the “free” con-
dition at the output. When the audio-base is followed by impedance Z; at output, the driving imped-

ance is given as

p _P(0) AZ +B
7 p0) CZ, +D°

(4)

2.1 Vibration transmission characteristic of audio-base formed into exponential
horn

First, we treat an exponential horn formed audio-base. Detailed analysis of this horn was developed
in physics of instruments or speaker system as shown in several literatures [7-8] as acoustical trans-
mission characteristics in a horn. As the audio-base is made by solid matter like as metal (brass, iron,
magnesium et.), wood and polymeric materials and the height of audio-base /4 is very short comparing
with wave length in audible frequency, we can suppose the wave travel in the audio-base is plane
wave and travel along the axis of the horn. When a horn is strained, elastic forces are produced.
Considering the balance of stress and inertia at cross section S(x), we have equation of motion as
following one-dimensional wave equation,

d dp d2p
l/S(x)a (S(x)a)Zl/c2 Tz (5)

with a velocity ¢ =/ E /p, where E is Young’s modulus and p is density. The cross section of the horn
at x becomes as

S(x) = So exp(-mx) . (6)
Where Sy is cross section at x=0 and m is flare constant. By substituting Eq. (6) into Eq. (5), we have

d?p dp ,d?P
—_ _— —_—
dx?2 m dx l/e dt? (7)

2.1.1 Four-terminal constants in normal direction
When “throat” is excited, we had well known solution as

P(x) = exp(-5x) {41 exp(Gax)tB1 exp(- )} (8)

2k\2 o
Here, o= |1 — (;) /2. The velocity is given as
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m

V() = T exp(){ A1 (1+ @) exp(Ga)tBi (1- @) exp(-om) }. )

j2kpc
Under sinusoidal excitation at x = 0 with amplitude vo, the boundary condition becomes as
v(0) = vo exp(j ax). (10)

Other boundary conditions at the end of audio-base are given as 1) v(k) =0 and 2) P(h) = 0. By using
these boundary conditions, the constants 41 and B are decided as follows:
1) Under the condition v(4#) =0, we have

v(h) = jz’:pc exp(-%h){ A1 (1+ a) exp(%ah)ﬂal (1- a) exp(-%ah) 1=0. (11)

By solving Egs. (10) and (11), we have

A= exp(%h){(Ha) exp(-%ah) -(1-a) exp(%ah) W2a, (12)
Ce= exp(%h) jz’:pc (1-A) {exp(-%ah) - exp(%ah) W2a. (13)

2) Under another boundary condition P(#) = 0, we have

P = exp(Z0 iz exp@ [1- )2 B exp(Z |1 - &2y =0, (14)

By solving Egs. (10) and (14), we have
B.= exp(%h) (2kpc /| m) {-exp(-%ah) + exp(%ah) W2a, (15)
De = exp(%h){(lm) exp(%ah) - (1-¢) exp(-%ah) V2a. (16)
Then we have the fundamental matrix F, of four-terminal constant as

_[A. B,
Fe‘[ce De]' (7

2.1.2 Four-terminal constants in inverse direction

The four-terminal constants for inverse direction from “mouth” to “throat” of audio-base can be
easily given as inverse matrix of F.. Then, we have the four-terminal constants as

RES exp(-§h){(1+a) exp(%ah) - (1-a) exp(-%ah) 2a, (18)
Be = exp(-h) (j2kpe | m) {-exp(->-ah) + exp(Zah) } 24, (19)
Ce’ = exp(-5h) (mij2kpc ) (1-2) {exp(-ah) - exp(ah) }12a, (20)
Do = exp(-%h){(lJra) exp(-%ah) -(1-q) exp(%ah) V2a. 1)
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2.2 Vibration transmission characteristic for conical horn formed audio-base

A conical horn formed audio-base is most popular one. Let “throat” at x=a and “mouth” at x=h,
then its cross section at x is given by

Sex) = 7 (mex)?, (22)

where m.=R/h, with radius R at x=h and the height of horn /4-a. By substituting Eq. (22) into Eq. (5),
we have

d?p p _ ., ,d*P
E‘Fz/Xa— l/c o (23)

2.2.1 Four-terminal constants in normal direction
When “throat” is excited with sinusoidal oscillatory input, we have well known solution as

P(x) = 22 exp(jk)+ Zexp(-jkx)} . (24)
and
V() = o (A (1+ k) exp(cjke)+B1 (1- jkn) exp(ik) 3. (25)

At exciting point x = a, the boundary condition becomes as
wv(a) = vo exp(j ax). (26)

Other boundary conditions at the end of audio-base are given as 1) v(k) =0 and 2) P(h) = 0. By using
these boundary conditions, the constants 41 and B are decided as follows:
1) Under the condition v(k) = 0, we have the velocity as

v(h) =ﬁ%{ Ay (1+ jkh) exp(-kh)+B) (1- jkh) exp(jkh) }= 0. 27)
By solving Egs. (26) and (27), we have
Ac= g { (1- jkh) exp(jk(h-a)) - (1+ jkh) exp(-jk(h-a)) } /12jkh, (28)
Ce=- % ﬁ{ (1- jkh) (1+ jka) exp(jk(h-a)) - (1+ jkh) (1- jka) exp(-jk(h-a)) }/2jkh. (29)
2) Under another boundary condition P(%) = 0, we have the stress as
P(h)= 3 { A exp(-jkh)+B1 exp(jkh) } = 0. (30)
By solving Egs. (26) and (30), we have

Be =" (op){ exp(ik(-a) - exp(ojk(h-a)) } /2ikh, 61

D. = hz { (1+ jkh) exp(jk(h-a)) - (1-jkh) exp(-jk(h-a)) } /2jkh . (32)

a

ICSV24, London, 23-27 July 2017 5
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2.2.2 Four-terminal constants in inverse direction

The four-terminal constants for inverse direction of conical horn formed audio-base can be easily
given as inverse matrix of Fc. Then, we have the four-terminal constants as

A2 =2 { (1+ jka) exp(jk(h-a)) - (1- jka) exp(;k(h-a)) } /2jka, (33)

B =% (jop){ exp(jk(h-a)) - exp(-jk(h-a)) } [2jka, (34)

Co = - (1j@p){ (1-jkh) (1+ jka) exp(ik(h-a)) - (1+jkh) (1- jka) exp(-jk(h-a)) }/2jka, (35

D =- Z—z { (1- jkh) exp(jk(h-a)) - (1+ jkh) exp(-ik(h-a)) } [2jka. (36)

2.3 Vibration transmission characteristic for cylindrically formed audio-base

The four-terminal constants for cylindrical audio-base with height 4 are given using the results for
finite cylindrical pipe as

chl] l coskh  jZsin khl
J

sm kh coskh (37)

cyl
Fc 1= [
Y
Ccyl cyl

2.4 Four-terminal constants for cascade connection of audio-bases

By using the four-terminal constants, the matrix Fy. for double or more staged horn audio-base is
easily derived by the products of matrices Fs. For example, the matrix Fyc for double staged Fs is
given as

Adc Bdc] [ ] A B ]
dC Cdc Ddc C D DC _FF- (38)

Table 1: Parameters of exponential and conical horn

Type Exponential conical
material Nylon Nylon
density p kg/m’ 1110 1110
velocity ¢ m/s 3000 3000
flare constant m 200 0.36
radius of throat o m 0.0007 0.0007
height 7 m 0.029 0.034

3. Numerical evaluation of vibration transmission characteristics

Next, we carried out a numerical calculation of driving impedance at input of audio-bases formed
into exponential and conical horns by using Eq. (4) with fundamental matrix F for each type audio-
base. Numerical values and parameters used in calculation are shown in Table 1. Numerical results
are shown in Fig. 2 (a) for exponential and (b) for conical ones. In these figures, impedances in “nor-
mal” and “inverse” directions alternate each other at specific frequency points at 6000Hz for expo-
nential one and at 2000Hz for conical one. Then, in higher frequency than these alternating points,
the vibration energy of loaded equipment is well transmitted to audio-base and decrease the vibration
energy on the equipment according to the impedance matching in electric circuit theory [6].

6 ICSV24, London, 23-27 July 2017
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Figure 2: Comparisons of impedance at exciting point of audio-bases formed into exponential and
conical horns made by Nylon.

4. Measurement of vibration transmission characteristics of audio-ba-
ses

Next, an experiment was carried out to evaluate the vibration transmission characteristics between
input and output for audio-bases formed into exponential and conical horns. As shown in Fig. 3, the
bottom (throat side) or top (mouth side) surface was excited by a piezo exciting unit with several
frequencies of sinusoidal signal and vibration velocity amplitudes on top and bottom surfaces were
measured by laser Doppler vibrographs (Onosokki, LV-1610 and LV-1720) and an FFT analyser
(Onosokki, CF5220). As shown in Fig.4, we defined the transmission direction as “normal” and “in-
verse”. Vibration transmission characteristics were evaluated by subtracting the vibration level on
transmitted surface from that of exciting surface.

laser —>—‘ £_|/ lelflftmng top

inverse
direction A
. lass
spike > ﬁlates
normal
d direction
1 / ]
ser E J — bottom
Figure 4: Structure of exponential horn audio-
Figure 3: Measuring method of vibration on base and direction of vibration transmission.

input and output surfaces of audio-base.

Figure 5 shows the experimentally observed values of difference in vibration velocity amplitude
level between input and output surfaces under transmission directions “normal” and “inverse”. Figure
5 (a) shows the result for exponential horn formed audio-base and (b) for conical one made by Nylon.
In these figures, the less difference in vibration level between input and output means well vibration
transmission of audio-base. The alternate frequencies are about 8000Hz for exponential one and
2000Hz for conical one. These results roughly correspond with numerical results given in Fig. 2.

ICSV24, London, 23-27 July 2017 7
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Figure 5: Vibration level difference between top and bottom surface of exponen-
tially and conically formed audio-bases made by Nylon.
5. Conclusions

In this study, we derived four-terminal constants for audio-base to evaluate how the audio-base

works to a loaded equipment. The four-terminal constants were derived for several types of audio-
bases based on the solutions of wave equation in acoustic horn developed precisely in physics of
musical instruments. Based on the numerical results on driving impedance at input of audio-bases,
the transmitted vibration energy into audio-base is increase in higher frequency region than alternate
frequency point in “inverse” direction. This fact suggests that the audio-base decreases the vibration
caused on loaded equipment in higher frequency region than alternate point. And this fact also corre-
sponded to experimental results on vibration transmission characteristics for two kinds of audio-bases.

Finally, we would like to express our cordial thanks to Mr. Kenji Manpuku for his valuable dis-

cussion and support.
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