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(57) ABSTRACT

A system for producing parameters for a bass-enhanced loud-
speaker enclosure; meanwhile, a low-frequency extended fre-
quency, a quality and quantity ratio and radius of a port need
to be defined for the system. Also, the resonance frequency of
a mechanical system and the quality and quantity of a
mechanical system are fixed to obtain the parameters for the
frequency ratio, the length of the duct and the cavity volume
inside the device, etc. and to manufacture the bass-enhanced
loudspeaker enclosure.
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SYSTEM FOR PRODUCING THE
PARAMETERS OF A BASS-ENHANCED
LOUDSPEAKER ENCLOSURE

FIELD OF THE INVENTION

[0001] The present invention is related to a system for pro-
ducing parameters for a bass-enhanced loudspeaker enclo-
sure.

BACKGROUND OF THE INVENTION

[0002] The performances such as the appearance, size,
weight, sound quality and sound performance of video prod-
uct, in addition to being decided by the design of the loud-
speaker itself, will be affected by the design of bass-enhanced
loudspeaker enclosure as well.

[0003] FIG.1is the structural illustration of bass-enhanced
loudspeaker enclosure. Bass-erthanced loudspeaker enclo-
sure 1 uses a rectangular outer casing 10 to form a cavity 11,
and a loudspeaker hole 12 and a port 13 are formed on one
side of the outer casing 10; meanwhile,.at port 13, a duct 14 is
extended toward cavity 11. Moreover, loudspeaker is placed
inside cavity 11 and the sound message of the loudspeaker
can be sent out through loudspeaker hole 12. In the video
product industry, the structure of bass-enhanced loudspeaker
enclosure 1 is a prior art structure; however, the performance
of the sound message of video product is affected by the
design of loudspeaker as well as appropriate parameter
design of bass-enhanced loudspeaker enclosure, and the latter
is usually the key of the performance of the sound quality.
Wherein, the parameters of bass-enhanced loudspeaker
enclosure include the radius of the port, the length of the duct
and the volume of the cavity, etc.

[0004] In order respond to all kinds of video electronic
products and mobile and portable devices and to propose all
kinds of suitable and optimal bass-enhanced loudspeaker
enclosures, professional design members or design groups
have to work very hard day and night. This not only represents
heavy work loads, but also represents very high cost. How-
ever, what even worse is the strict status of competition in the
electronic industry, for example, very short product life cycle
and very strict price and cost competition in the market.

[0005] Therefore, the inventor of the present invention, in
order to prevent the tedious and hardworking process of
designing bass-enhanced loudspeaker enclosure as men-
tioned above and to emphasize the output sound quality per-
formance as well as to cope with the trend of thin and minia-
turization in the video device, starts to solve the problem from
the basis of the problem so as to deal with the possibly
generated or evolved danger and injury due to urgent need or
operation negligence; the inventor thus has spent a great deal
of efforts accompanied with the application of theory and
sample preparation and repeated trials in long period of time
10 propose a system for producing the parameters of bass-
enhanced loudspeaker enclosure; the system can, based on
the real application situation, vibration-absorber theory and
the system characteristic equation, easily calculate the opti-
mal port radius, length of duct and cavity volume. Therefore,
the difficulty of product design and development can be
reduced, the product designer’s technological threshold hold
as well as development time and cost can be greatly reduced
100. Moreover, the low frequency sound output of the loud-
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speaker can be enhanced and the present invention is thus an
invention that can reasonably and effectively improve the
above mentioned drawbacks.

SUMMARY OF THE INVENTION

[0006] The objective of the present invention is to provide a
system for producing parameters of bass-enhanced loud-
speaker enclosure; through this system and based on the
vibration-absorber theory, characteristic equation for reso-
nance sound box and real design goal, the optimal port radius,
length of duct and cavity volume can then be calculated.
Therefore, anyone who does not receive professional training
can easily and quickly design resonance sound box that can be
used for all kinds of loudspeakers.

[0007] Another objective of the present invention is to pro-
vide a system for producing parameters of bass-enhanced
loudspeaker enclosure; through this system and based on the
vibration-absorber theory, characteristic equation for reso-
nance sound box and real design goal, the optimal port radius,
length of duct and cavity volume can then be calculated.
Therefore, the low frequency sound sent out from the loud-
speaker can be extended to the frequency region expected by
the design goal delicately and accurately, and the low fre-
quency sound message sent out from all kinds of loudspeak-
ers can be greatly enhanced.

[0008] To achieve the above mentioned objective, the
present invention is mainly to provide a system for producing
parameters of bass-enhanced loudspeaker enclosure.
Through the definition of a low-frequency extended fre-
quency, a quality and quantity ratio and a port radius, and
under the fixing of resonance frequency of a mechanical
system and the quality and quantity of a mechanical system,
afrequencyratio, alength of ductand a cavity volume are thus
obtained; furthermore, the system for producing parameters
of bass-enhanced loudspeaker enclosure includes an initial
normalization frequency device, and an initial normalization
frequency is obtained through the low-frequency extended
frequency and the resonance frequency of the mechanical
system; meanwhile an acoustic quality and quantity device is
used to obtain an acoustic quality and quantity through the
quality and quantity ratio and the mechanical system quality
and quantity; a duct length device is used to obtain the duct
length through the acoustic quality and quantity and the port
radius; a frequency ratio device is used to obtain the fre-
quency ratio through the normalized frequency and the qual-
ity and quantity ratio; an acoustic system resonance fre-
quency device is used to obtain an acoustic system resonance
frequency through the resonance frequency of the mechanical
system and the frequency ratio; and a cavity volume device is
used to obtain an acoustic compliance through the resonance
frequency of the acoustic system, and then a cavity volume is
obtained through the acoustic compliance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other objects, features and advantages of
the present invention will become apparent to those skilled in
the art upon consideration of the following description of the
preferred embodiments of the present invention taken in con-
junction with the accompanying drawings, in which:

[0010] FIG.1 is a structural illustration of a bass-enhanced
loudspeaker enclosure.

[0011] FIG. 2isacircuitillustration converted from FIG. 1.
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[0012] FIG. 3 is the simplified mechanical system equiva-
lent circuit of FIG. 2.

[0013] FIG. 4 is the root locus of the coupling resonant
system.

[0014] FIG. 5 is an illustration of the system for producing
parameters of a bass-enhanced loudspeaker enclosure of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention is to propose a system for
producing parameters of bass-enhanced loudspeaker enclo-
sure. Through the definition of a low-frequency extended
frequency, a quality and quantity ratio and a port radius
needed by the bass-enhanced loudspeaker enclosure, and
under the fixing of resonance frequency of a mechanical
system and the quality and quantity of a mechanical system,
a frequency ratio, a length of duct and a cavity volume are thus
obtained. The main objective of the present invention is to
reduce the design and development difficulty of a product and
the development time and cost.

[0016] FIG. 2 is an electronic circuit illustration converted
from FIG. 1. Before the disclosure of the system of the present
invention for producing parameters of bass-enhanced loud-
speaker enclosure, we have to use FIG. 2 to simulate and list
related acoustic formulae to start the deduction of acoustic
system so as to describe the specific relationship among low-
frequency extended frequency, quality and quantity ratio and
port radius and the parameters of bass-enhanced loudspeaker
enclosure. Please also refer to FIG. 1 and FI1G. 2, the cavity 11
part can be simulated by acoustic compliance CAB and duct
14 can be simulated by acoustic mass MABP and acoustic
resistance RABP, and the related calculations are as in the
followings:

Vas (ll
Cap = 2 5
Poc”
Po 2)
Mugp = S_‘LVP @
VP
P ——(Lvp (3
Ragp = ——Viwp (— + 2'
ayp ayp

[0017] Wherein, p, is air density, ¢ is the speed of sound,
VAB isthe volume of cavity 11, S, isthearea of port 13, L,
is the length of duct 14, a.,,. is the radius of port 13, w is the
angular frequency of fixed range and p is the dynamic coef-
ficient of viscosity; in the air and at 20° C. and 0.76 m Hg,
1=1.56x10-5 m2/s, and the angular frequency of fixed range
is w=2mf, frequency of fixed range fis 20~20 kHz. Next, the
acoustic radiation impedance such as acoustic mass MAB1,
acoustic resistance RAB1, RAB2 and acoustic compliance
CABL, etc., can be represented as in the followings:

0.6133p, )
Mg = ——
ayp
0.5045pp¢ )
ABL = 3
Tayp
Poc )
Rapr = 25 ©
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-continued
0557 a3, @

poc?

Cap1 =

[0018] If the resistance effect of port 13 is not considered
and the electrical systems and the acoustic system are equiva-
lently made to mechanical system, then the circuit of FIG. 2
can be simplified to the mechanical system equivalent circuit
as n FIG. 3. FIG. 3 is in a form of two resonance systems of
mechanical and acoustic system, and the characteristics of
these two resonance systems can be analyzed by the theory of
vibration absorber, hence, the mechanical impedance ZM can
be represented as in the following:

st 1 s | (3)
4
1 2 w
Zuy = Mys + Ry + —— = it G tm
CMS CMS

[0019] Wherein, MM is the mechanical system mass, RM
is the mechanical system resistance, CM is the mechanical
system compliance, w,,is the resonance angular frequency of
the mechanical system and Q,, is the quality factor of the
mechanical system. Then, acoustic admittance YA can be
represented in the following form:

§ 1 s | 9)
— +t——+
v.—c N 1 Wy Q4 w4
=Cap§ — +— =2~ 7
CATUMTRL T Mys Mys

[0020] Wherein, MA is acoustic mass, RA is acoustic resis-
tance, CAB acoustic compliance, w4 is acoustic system reso-
nance angular frequency and Q, is acoustic system quality
factor. The overall impedance ZT of FIG. 3 can be represented
as in the following:

Zr=Zu+t yi _ Als) (10)

[0021] Wherein, A(s) is system characteristic equation,
which can be represented as:

5 1 s 5 1 s 2 (11)
A)=| ——+——+1 —2+——+1 + M4Cys
wy  Om Wi Qi ws

[0022] From equation (8), mechanical system resonance
angular frequency m,,and mechanical system quality factor
Q,, can be represented respectively as:

I (12

=2 = [ —
2 fu o Cor
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-continued
1 (13)
" RuCuwy

Qu

[0023] Wherein, fM is mechanical system resonance fre-
quency. From equation (9), acoustic system resonance angu-
lar frequency w, and acoustic system quality factor Q, can
then be represented respectively as:

1 (14)

Ry (15)
Q= Capwa
[0024] Wherein, fA is acoustic system resonance fre-

quency. And in equation (11), characteristic equation A(s) can
be simply represented as:

st § 52 s (16)
As)= g+~ +a—+a—+1=0
Wy [ (a5 wo

[0025] Through a comparison of equation (11) and (16),
initial resonance angular frequency w0 and each of the sym-
bol al, a2, a3 can be represented respectively as:

Wy = Vwawy = w—M :‘UA‘/; a7
Vo
1 N (18)
)= ——+ —
ouva  Ca
1 1 P (19)
= —+a+—— +—
@ OuQs @

1 N 20)
=
Qe Qu

as =

[0026] Wherein, frequency ratio o, mass ratio p can be
represented respectively as:

_ow _fu ot
wa  fa

M, 22)

p= Wy >0
[0027] Wherein, acoustic mass M, can be represented as:
L 23)
M, =2 ZVP 23)

Tayp

[0028] Ifno damping situation is considered, the mechani-
cal system quality factor Q,, and acoustic system quality
factor Q, will approach infinity, hence, characteristic equa-
tion A(s) can be represented as:
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AS)=a’r -1+ +p)r A+l (24)

[0029] Wherein, Normalized Frequency rM is represented
as:

25

y=—

[0030] Ifwe draw according to equation (24), we can draw
the coupling resonance system root locus; as shown in FIG. 4,
the horizontal axis and vertical axis are respectively normal-
ized frequency and mass ratio. As shown in FIG. 4, through
the relationship between normalized frequency rM and mass
ratio p, we can obtain related frequency ratio a curve; but
what needs to be noticed is, the part with mass ratio smaller
than 0 as in the figure actually does not possibly exist and is
only mathematical representation which can not be applied in
real design. Through the coupling resonance system root
locus of FIG. 4 and under the consideration that the present
inventionis targeting for the design of'acoustic system, hence,
the mechanical system resonance frequency f,, will not
change, that is, it is of fixed value; meanwhile, acoustic sys-
tem resonance frequency f, must be smaller than mechanical
system resonance frequency f, .

[0031] FIG. 5is an illustration of the system of the present
invention for producing parameters of bass-enhanced loud-
speaker enclosure. Through the definition of low-frequency
extended frequency f1, mass ratio p and port radius o, by an
input device 2 and under the fixing of mechanical system
resonance frequency f,, and mechanical system mass M,,
through fixing device 3, the frequency ratio ¢, ductlength L,
and cavity volume V is then obtained by the system 4 of the
present invention which generates the parameters of bass-
enhanced loudspeaker enclosure. System 4 of the present
invention which generates the parameters of bass-enhanced
loudspeaker enclosure includes a initial normalized fre-
quency device 41, an acoustic quality and quantity device 42,
a duct length device 43, a frequency ratio device 44, an
acoustic system resonance frequency device 45 and a cavity
volume device 46. Initial normalized frequency device 41 is
to receive the low-frequency extended frequency f; as defined
in the input device 2 and the fixed mechanical system reso-
nance frequency f,, fixed in the fixing device 3, that is, the
initial normalized frequency rl can then be obtained. What
needs to be noticed here is, initial normalized frequency
device 41 uses equation (25) so that initial normalized fre-
quency

i
~

r

can be obtained because both low-frequency extended fre-
quency f; and mechanical system resonance frequency f,, are
all known. Acoustic quality and quantity device 42 is used to
receive the acoustic ratio p defined in input device 2 and the
fixed mechanical system mass M,, as fixed in the fixing
device 3 so as to obtain an acoustic mass M. Acoustic mass
M, uses equation (22) to make mathematical operation, that
is, acoustic mass M, is obtained through the product of mass
ratio p and mechanical system mass M,,. The duct length
device 43 1s to receive the acoustic mass M, generated by
acoustic quality and quantity device 42 and the port radius



US 2009/0214047 Al

o, as defined by input device 2, that is, the duct length L,
can be obtained. What needs to be noticed here is that duct
length device 43 is used through equation (23) to obtain duct
length L, under air density p, and ratio of the circumference
of a circle to the diameter 7t of constant and through known
acoustic mass M, and port radius L, Frequency ratio device
44 is to receive the initial normalized frequency rl and mass
ratio p generated by initial normalized frequency device 41 so
as to obtain frequency ratio .. Frequency ratio device 44 is to
use FIG. 4 coupling resonance system root locus to find out
frequency ratio a curve from known mass ratio p and nor-
malized frequency rl. Acoustic system resonance frequency
device45 is to receive the fixed mechanical system resonance
frequency f,,in the fixing device 3 and the frequency ratio o.
generated by the frequency ratio device 44 so as to obtain an
acoustic system resonance frequency f,. Acoustic system
resonance frequency device 45 is to use equation (21) and
perform mathematical operation from the known mechanical
system resonance frequency f,,, that is, divide mechanical
system resonance frequency f,, by frequency ratio o to obtain
acoustic system resonance frequency f,. Cavity volume
device 46 is first to receive the acoustic system resonance
frequency f, generated by acoustic system resonance fre-
quency device 45 so as to obtain an acoustic compliance C
then through acoustic compliance C 5. cavity volume V5 is
obtained. Cavity volume device 46 uses equation (12) to
obtain acoustic compliance C, from the known acoustic
system resonance frequency f, and acoustic mass MA, then,
it uses equation (1) under air density p, and constant velocity
of sound ¢ to get cavity volume V5 from the known acoustic
compliance C ;5.

[0032] In FIG. 5, system 4 which produces parameters of
bass-enhanced loudspeaker enclosure, after the generation of
duct length L, through duct length device 43 and the gen-
eration of frequency ratio o through frequency ratio device 44
and the generation of cavity volume V , through cavity vol-
ume device 46, can let the user obtain parameters of bass-
enhanced loudspeaker enclosure such as duct length L,
frequency ratio  and cavity volume V ,; through a display
device. In addition, system 4, which generates parameters of
bass-enhanced loudspeaker enclosure, further comprises of
an acoustic resistance device 47, can be used to obtain acous-
ticresistance R , 5 » through equation (3) when air density is p,,
and dynamic coefficient of viscosity p is of constant and
through known duct length L,,» and port radius a;» accom-
panied with angular frequency of fixed range w. Moreover,
through acoustic resistance R ., we can draw frequency
response chart to perform further analysis.

[0033] Therefore, through the technology disclosed above,
the present invention can indeed provide a way to calculate
optimal port radius, duct length and cavity volume according
to vibration absorber theory, resonance sound box character-
istic equation and real design goal; furthermore, a resonance
sound box that an be used by all kinds of loudspeakers can be
easily and quickly designed. At the same time, the low-fre-
quency sound sent out from the loudspeaker can be extended
to the frequency zone expected by the design goal delicately
and accurately so that the low-frequency sound message sent
out from all kinds of loudspeakers can be enhanced.

[0034] Therefore, a bass-enhanced loudspeaker enclosure
1s realized in this invention, which is totally different than the
prior art design; meanwhile, it not only can enhance the
overall utilization value but also is not seen in published
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journal or is not in public use, it indeed meets the require-
ments of a patent and we thus propose a patent application.
[0035] However, the above disclosed drawings and descrip-
tions are only some of the embodiments of the present inven-
tion, anyone who is familiar with this art can still makes
several modifications and changes based on the above men-
tioned descriptions, and these changes should still fall within
the spirit of this invention and within what is claimed of this
invention.

What is claimed is:

1. A system for producing parameters of bass-enhanced
loudspeaker enclosure is used to obtain a frequency ratio, a
duct length and a cavity volume length through the definition
of a low-frequency extended frequency, a mass ratio and a
port radius and under fixed mechanical system resonance
frequency and a mechanical system mass; the system for
producing parameters of bass-enhanced loudspeaker enclo-
sure comprising of:

an initial normalized frequency device, which is used to
obtain an initial normalized frequency through the low-
frequency extended frequency and the mechanical sys-
tem resonance frequency;

an acoustic quality and quantity device, which is used to
obtain an acoustic mass through the mass ratio and the
mechanical system mass;

aduct length device, which is used to obtain the duct length
through the acoustic mass and the port radius;

a frequency ratio device, which is used to obtain the fre-
quency ratio through the initial normalized frequency
and the mass ratio;

an acoustic system resonance frequency device, which is
used to obtain an acoustic system resonance frequency
through the mechanical system resonance frequency and
the frequency ratio; and

a cavity volume device, which is used to obtain an acoustic
compliance through the acoustic system resonance fre-
quency and to obtain the cavity volume through the
acoustic compliance.

2. The system for producing parameters of bass-enhanced
loudspeaker enclosure of claim 1 wherein the initial normal-
ized frequency device is to obtain the initial normalized fre-
quency through a product of the initial low-frequency
extended frequency and the mechanical system resonance
frequency.

3. The system for producing parameters of bass-enhanced
loudspeaker enclosure of claim 1 wherein the acoustic quality
and quantity device is to obtain the acoustic mass through a
product of the mass ratio and the mechanical system mass.

4. The system for producing parameters of bass-enhanced
loudspeaker enclosure of claim 1 wherein the duct length
device is to obtain the duct length L, through

polLyp
g = ——,
Tayp

wherein MA is the acoustic mass, p, is air density and o, is
the port radius.

5. The system for producing parameters of bass-enhanced
loudspeaker enclosure of claim 1 wherein the frequency ratio
device is to obtain the frequency ratio through the relation
between the normalized frequency and the mass ratio in the
vibration absorber theory.
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6. The system for producing parameters of bass-enhanced
loudspeaker enclosure of claim 1 wherein the acoustic system
resonance frequency device is to obtain the acoustic system
resonance frequency through the division of the mechanical
system resonance frequency by the frequency ratio.

7. The system for producing parameters of bass-enhanced
loudspeaker enclosure of claim 1 wherein the cavity volume
device is to obtain the acoustic compliance CAB through

where fA is the acoustic system resonance frequency and MA
is the acoustic mass.

8. The system for producing parameters of bass-enhanced
loudspeaker enclosure of claim 1 wherein the cavity volume
device is to obtain the cavity volume V ,; through
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Cag = —=3
PoC

where CAB is the acoustic compliance, p, is air density and ¢
is the velocity of sound.

9. The system for producing parameters of bass-enhanced
loudspeaker enclosure of claim 1 further comprises of an
acoustic resistance device so as to obtain the acoustic resis-
tance R, through

Ragp = %m[% +2]?

ayp ayp

where p,, is air density, |t is dynamic coefficient of viscosity,
L, is the duct length, o, is the port radius and o is fixed
range angular frequency.

k& ok % %



