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Closed-box: definitions

Analogue acoustical circuit of a loudspeaker + closed cabinet (Volume V)
system:
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Closed-box: definitions

The components of the analogue scheme are:

Electrical parts

(49
pg = bt source pressure analogue to the source electrical voltage Ug
SqRe
(8)?
2e = i i ! to Re, DC resi of the coil
S3Re

(we neglect here the output resistance of voltage source Us,
as well as the electrical inductance of the coil Lc)

Mechanical parts

R,
Rys = T corresponding to the mechanical resi of the loudspeak
7
Mas = ’;5 acoustic mass corresponding to the mechanical mass of the loudspeaker
S
d
Cas = 52 Cms i i ponding to the mechanical liance of the loudspeak
Acoustic parts
pa
Mg = — — radiation mass of a piston of radius a = |/S; /7 mounted on a screen
37 Sy
pc (kay . .
Rar ~~ — —— radiation resi of a “pulsati source of radius a (solid angle 47)
Sg &
8 pa
Myp = Mar % — — radiation mass inside the cabinet
37 Sy

(deformation of particle velocity in the cabinet)

Cop = Sngs | quivalent to the cabi I vy
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Closed-box: response in flow velocity

The closed-box loudspeaker is assimilated to a small semi-monopolar (in 27
2

. . - . f
steradians) source of radius a (radiation resistance R, = 2mp—) and flow
c
velocity qq.
The radiated power is then: P, = R.,|qa|?
The power can be derived by expressing g4 as a function of voltage Uj.

Since: qq = Pg

, Where Z.c = Rac + jwMac + L with:
wC,

ac ac
Rsc = Rae + Ras + Rap: total losses of the closed-box loudspeaker
Mac = M,s + M, + M.y, - total acoustic mass

Cac = Cas%a: total acoustic compliance
BlU, jWCac
Th = £
en qd ( SdRe ) (jw)z Mac Cac +jWRac Cc+1
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Closed-box: response in flow velocity
B Bng J'UJCac
d = SdRe (_](*-))2 Mac Cac +J.WRac Cac + 1
Defining: we = ——— and Q« = —=——— the acoustic resonator’s

vV Mac Cac Ws Rac Cac

resonance frequency and quality factor, we show that:

CZC = s A
We Ra]c: Qte
Mc Cac = 3
w?
Rac Cac = —
we Qe

(&)
And then gy = (BZUg) 1 We

5 RE Q C Rac 1 2 1
We Qi \we
B

W, S
SdRthcRac N BéQec

Bl  SyR.e
S4sR. B¢

, then we can define g, =

()
and finally qg = gc— e

Jjw 2 1 [jw
— — 1
(wc) + Qtc (UJC) *

Since

Ug
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Closed-box: response in power

2

jw
We
jw\?> 1 [jw
i )41
(wc‘) * Qtc (wc) +
. 2 2
()
Then P, = P, We

jw\? 1 [jw
(a) "o (a)“

2
where P, = ﬂfqu
c

f2
Pa = Ru|qs® = 2mp—q?
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Vented-box loudspeaker: definitions

Analogue acoustic circuit of a vented-box +
loudspeaker system (bass-reflex):

Rie Ras M Gas M1 Ran Po Mar2 Rarz

qd db
Map
p,
gL Rab dp
Cab Rap

M. Pb
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Vented-box loudspeaker: definitions

In the analogue acoustic representation of the vented-box loudspeaker:
@ the electrical voltage U, applied to the loudspeaker terminals is replaced

by the equivalent pressure p; = Us.

S4Re.
o the total acoustic impedance of the loudspeaker (excluding the Helmholtz
resonator of the vented box) becomes:

/ H 1
Zas = (Rae + Ra.s + Rar) +Jw (Mas + Map + Mar) +

JwCas

. 1
~ Roe + Rl + jwuMl + -
JwCss

o the equivalent acoustic impedance of the Helmholtz resonator constituted
with volume V}, (acoustic compliance C.p = pVsz we neglect the resistance
R.p) and the port of length I, and cross-section s, (acoustic mass

o = Map + Marz = p%, with AL the termination correction
accounting for the acoustic radiation at each sides of the port AL ~ 22)
reads: .y M

w w .
Zap = — ZJ uld = J zap , with w, = %
(jw) M;pCab +1 (Jw) 1 v/ MapCab

Wp
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Vented-box loudspeaker: acoustic radiation

The radiated sound power is due to the combination of both the loudspeaker
diaphragm and the port radiations. Then, we can consider the flow velocity
gs + gp = —@p to process the radiated power, and consider the loudspeaker as
27p
c

a semi-monopole R, = 2.

The radiated power then writes:

Pa = Rar|qb|2y

and can be derived by analyzing the
analogue acoustic circuit of the system.
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Vented-box loudspeaker: acoustic radiation

We can derive g5 in the analogue acoustic circuit as g = jw Cappp,
where py is the pressure inside the cabinet of volume V4.
Pressure p, can be simply deduced by analyzing the “pressure divider':

Z

Pp = b ————5; Pg. then:

Zab + Z 2
qp = Bl JwCahZap  Bey, (jw)? Cp M3,

= SR = SR 2
d Zab + Zas d Jw + 1 jwM/ + R, + L +J(JJMI
wp as as ijas ap

7Beugfw-5 ()3 CopM}pCas Ml

SgReMbsws (jw)dMhg CasMj, Cop + (jw)3MS, Capy(Rae + Ras)Cas + (jw)2 M}, Cop + Mjs Cas + M}, Cas] + (jo)Cas(Rae + Rbs) +1

. 1 .
Reminding ws = ——=—= and Qs = ——, as well as wp = ——=it

vV Més as Ws Rz/as Cas \/ M,—l,p Cab
comes:

BeUg ws

SqReMlws ([ jw \* w2 31 W2 jw\2 [w Cas w2 jw) 1 ’
=) == Sl R il R e 1
ws w3 ws Qts wp ws wp C, ws ) Qts

uEN ‘ mgm

9b

CXY)
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Vented-box loudspeaker: acoustic radiation
OF
_ Beyg ws/) wf
Syt () Eo(2y Ld (=)L =gl (=)L,
ws/) w2 ws/) Qs w2 ws w2 Cab @3 ws /) Qts

as Wp

et h= —, it comes:
a w.
jw ‘h_z
BtUg ws
SyReM!, jw \ 4 jw\3 2 jw \ 2 j 1 ’
dfeMasts (Ji) h*2+(Jw> +(Jw> [1+h*2(1+a)}+<Jw>— +1
ws ws Qts

Introducing o =

9b
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Vented-box loudspeaker: response in power

2 (jw >3 h—2 :
b _ 2P 2 Beug ws
T SyReMl ws jw \ 4 jw\3 h2 jow\ 2 Jw\ 1
) o2y (2 + = [1+h_2(1+a)}+ =) = +1
ws ws Qts ws ws /) Qts
w\* 2
2 =) h
_ 2, ( BeUg ) ws
= s - - 2 - 2 -
c SyReM!_w jw\4 jw\3 h jw jw 1
dteVas s <f> =24 (2 + (= [1+h*2(1+a)]+ - ) — +1
2

ws ws ws /) Qs

—— 3,2 = - "
(ﬁ> h*2+(£> +(ﬂ> [1+h*2(1+u)}+(g>— +1
ws ws Qts ws ws /) Qs



