Vented Loudspeaker Enclosures

F. E. PLANER, Ph.D.,” and 1. |. BOSWELL*

Design and performance data on aperture-type enclosures.

gpeaker  enclosure  or  reflex type

cubinet, firet deseribed by Thoras!,
is now well known, amd enelosures of this
typere to-day widely wused inliglh guality
souml eproducing systems. Briefly, a
ventedl enclosure sound svstem consists
of a cone loudspeaker launted inoa felt-
lined  enclosure, which  contntnicates
with the atwosphere via an aperture or
curt in the front panel. The eapacitive
reactance of the air volume in the en-
closure aml the induetive reartance of
the aperture or duct are arranged to
respnate at the bass resonanee frequeney
of the lowlspeaker.

'I'[ll'? principle of the vented loud-

Advantagas

Une of the main alvantages of svstems
of this tvpe is the improved efficieney at
low [requencies, due ta the re-radiation of
the sound| energy from the reqr of the
lowckspeaker diaphragm via the aperture
or duct after phase reversal. {ther
advantages are the improved transient
regponse andd redueed volee coil travel
due to the additional loading of the dia-
phragm by the impedance of the acoustic
syvstern, as well as the relative independ-
ence of the perfonmanee from Docal
acoustic eonditions, suelr as the position
of the enclosure in the room.

The design prineples for vented en-
chwires, using apertures?, as well as
duets? as the inductive reactances, have
atreaddy heen treated In some detail in
the literatnre. These notes will he
concerned mainly with the diseussion of
the neressucy volume of such enelosures,

The main dmwbark of the vented
enclosnme, a8 compared with alternative
methods, sueh ps the infinite ballle or
the labyninth type of enclosure, is the
relatively large size required for the
reprochuction of the lowest audible fre-
quencies.  In the course of the design
of 2 new domestic sound system in-

*Addison Eleciric Co., Ltd., Londot.

'A. L. Thuras, Soynid "Lranslating Ide-
vice, U, 5. Palent 1369178, July, 1032,

0, E. Ilockstra, Vented Spesker Fn-
closure, Electromica, March, 1940, p, 34

P, W. Smith, Resonant Loudspeaker

Enelosure Design, Communications, August,
1945, p 83,

tendled t0 give exceptionally Ligh qoality
reproduction, the question of cabinet
size berame of some importance, and an
investigaiion of the relation between size
uml  resomanee frequeney was  made.
As a resull of this a mumber of expres.
sions were develuped which may be of
peneral intevest,

Fag. 4 shows schematicatly an enclosure
comprising un effective air volume Vg
amd g duet having length 1 and eross-
sectional arew A, The two design prin-
ciples for venled enclosures which have
in the past heen found to give satis-
factory results, state that the resonance
frequeney of the enclosure itself should
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Fig. 1, Cross section through vented |oud-
speaker encloure,

lie similar to tle bass resonance frequency
of the loudzpraker, and the aperture or
duct area .1 shoull be similar to that of
the effective radiating suwrface of the
speaker,

The inductive reactance in the case of an
enclosire entpluving o Wduet may then,
with elose approximation, Le written

X = “JP/(:/\{'H + 8/&) mach. ohme___{1]
wheme ¢« i the (anpulsr) resonance
freqmency =20 und g the density of air,

The capacitive reactance of the air
volume 15 given by
¥o= g fov, megh, ohis-.{ 2}
where ¢ 13 the veloeity of propapation
of soumwl in air.
Resonanee acenrs when

Xy = g enemrrnca Nt 1)
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Equating (1) snd {2}, and solving for
w the resonance frequency is found to
b

W 1}\!‘_(% 48y (4

Effect ol Duct Length

From this it is apparent that il the
length ! of the duct incresses, the en-
elosire volume Uz may be deerensed,
other eomdlitions  renaining  ynaltered,
Ab the same time, however, the total
volume V¢ which is wade up of the
effective air volume Vg, the volume dis-
placed 1y the loudspesker 17 and that
af the duet Vn, will not alter at the same
rate, owing to the inerease in the volume
displaced by the duct.

Since Mom M vpdeoen oo {5

and 1'p= Af, the total volume may he
written

Voma (et (VE 4 £) +2) 4 v___(6)

Now, in order to deterniine the lengtlh
of duct corresponding ta the minimum
total volutie, the diffcrential of (6) with
respect to f g equiated to zero

WV faE = -t (YE+£) =0 (T}
nel henee

£ . = c/r.u— ﬁ e e ERY

where { min. i8 the duet length requireil
to make the Ltotal volume [pa mininuin.

The volume for this condition ig found
Dy substituting (8} in](6)

\-’Tmln.=.l\{2c/w—ﬁ)+\" ..... {9)

The corresponding air and duet vol-
wies are given by

v min, = Acfr, ond .

Vpmin = A (c/m—v.i) .__

From these results is may be seen that
it is gencrally posgible by the correct
choice of duct length, to effect un appre-
cluble yeduction in the oversll size of
the enclosure as compared to that re-
aquired when an aperture only is used.
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Erampls

To iHnstrate the effect of the dinet
length on total volume, et us consider o
tvpical sound syvatemn using a 127 lowd-
speaker with a bass resvnanes frequency
of 105 ens. aml an elective radinting
surfare of A =75 . . Then, s
stitnting these values in the expression
(%) the optinnun duet length will be

fig. 2. Relation between duct volume, rer-
onating air volume, total enclasure vofumc,
and duct length for & {ypical vented loud-
speaker cncTosurv,

fornd to he 243 inches, asuiuing the
veloeity of propagation of spund in air
to be ("= L3500 in/see. If the volune
isplaced by the lowlspesker s taken
as A0 ew, i, then the totad volume
from (9} becones g i =1 8300 ey, 1,
I comparison, the volume for an en-
elosure possessig an aperture only, ie.
tor the case § =0, 1% found from H) to be
TILAHKDY ¢1. ins

The relationship hetween fand Vg For
the above example have been plotted in
Fig. 2 together with the values of 1'p
ateb Ve N owill be seen from this that
a3 the duct lengrt]l = inerensed there i g
rapid fall i total vobune, with g min-
g at 214 o, thereafter the totl
vilume Tegins to ise gt o nore gradoal
rute. It will he notieed also that the
shope of the vurve for s = relatively
sirll in the neighborhoml of the mini-
murn. The tength of the durt may
therefore, be made sommewhat shorter
than the optbummn length indieatod b
expression (X} without an appreciable
iherense in the dimensions of the enclos-
e, In oaetual practice, it b oabowd-
vantage to nebree the duet length in
this manner, as it will then generally
bhe possible to weeqmmodate the duet
without felding, thereby rendering the
vonstruction siopler and redueing  the
uinednt  of  wokd  required.  Another
point in faver of the shortened duet iz
the amaller voluime taken up by the duet
walls, & factor which has heen neglected
i the above ealeulations, Thus, in the
present example the duet length may bwe
reddieed to 13 inches with only a 105%
inervase  in totul  volume  above  the
theoreticul tinimzn.

Apart from its effect on the over-all
size of the enelosure, the extension of the
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aperture mto g doet & desizalde also for
other reasons. Sinec the vent may he
regarded s effectively  cobstituting a
seconl souree of sound, it is advanta-
geots 1o locute the latter as closely as
possible to the loudspenker from the
paiot of view of the combined radintion
itnpedanee. ax well s far the purpose of
conventrating  physieally the souree of
souml.  While these consitlerations apply
to frequeneies in the neighborliond of the
resompnee  frequency of the enclosiure,
at higher frequencies the vent will tend
to reduee the effectiveness of the baflie
owing to the air leak ereated sround the
lisphragm of the loudspeaker. iy the
inteiedinction of a et it beeones possible
to maintain the efficieney of the balfe
abt the higher frequencies due to the
invrcased  path length  between  front
amd rear of the diaphraemn, while at the
sune thime retaining the feature of close
proximity between the two sourres of
sounul at the lower frequencies,

In uvrder to investigate the effect on
the charwetersties of the svstern when
the ratie of diet length wwl aie volune
are varied, it ois instructive too esngider
the equivalent electrical vireuit of the
mechanical svetemn comprising the lowl-
spestker  daphrayoe and  the  weostic
resonator. Figo 3 b i simiplilied equiva-
lent network in wlich the dissiputive

Fig. 3. Equivelent zlectrical circuit of me-

chanical system,

clements due 1o mdiation il Trctional
losses have Iven omitted.

The wvibratory svateny of the dia-
phiragim eomprising the =tiffiess of the
=uxpension utl the mas=< of the moving
purts ineluding the elfeet of air londing
i= repuesented by the serics tiuned -
cuit having eapacitance & and induet-
anee M. The aroustic system of the
ventall enclosure is represented by oa
paraliel tuned cirenit baving inductance
£l eapacitanee €, dependent on the
stilfness of the air volune in the en-
closure, and  the loet and  radiation
mass, respectively. The mpedance
us megared at the terminals of the net-
work ix made up of the impedanees of the
dinphiragm Zg, ol that of the enclosure
Zp Tn serips.

Now, z, - (l—w‘ MK}/J..\JK o i2)
and FI JwL/(l—uJ'Lt)....-. {3

The totad mechanical impedance. there-
fure, is

Z (|-w’MK}/jwn + J..ul./(l—w’n.c) (14}

Impedanmes Characteristics

I the shsenee of dissipative elements.
the impedanee churaeteristic of the two
copder] eirenity, s wpresented Ny the
expression (11), will possess two poiots
at which the impedance becomes zero,
aid the adidttaoee mlinite.  The ehnr-
acteristic of the merhanieal system i
veflocted] in the electrical  fmpeclince
chnracternistiv of the voiee eoll of the ol
speaker, modified slightly by the nlee-
trival constants of the volee codl Jt=ell,
This  eleetrieal  impedsiner will e o
maximinn when the wdmittance of the
mechanical system = infinite. and the
electrical method of measurement, there-
fure, constitites o conveniont means of
analvaing the hebavior of the moehaniesl
gsten.

Inn order to determine the two fre-
llllclll'iCE at which the electrical impedance
will be 3 maxioin, we substitute

Y

in (14), sinee the resonant frequeney of
the ervclosie is made equal to that of
the londspeaker. and resoranging terms
(14) heromes

MK = LG

w*—wt (2K+C)/MK* +1 /=0 (16)

solving for w, the twa frequencies are
fonined to be

wip= wp¥ 146 (12 YaRATT) f2x.(17)

where g denctes the resonanee frequeney
ol the two tuned svstems individualle.
The relation {17) is shown in Frg. 4,
plotted in terms of the ratio WL uginest
frecueney,  Frome this it will he seen
thiet a the duct length is invrensed atul
the enclosure volume redoensl, §. e, with
invreasing M 4. mbio, the separation
Ietween the muxima in the imepdance
churaeteristic inereases, It will remdily
be zeen thut too great a 2eparation is a=
untlexirable us very closely spaced -
pedanee pesks,
A number of loudspesker envlosures
were dlestmned inoaceorlinee with  the
[ondinieed an page 43|

Fig. 4. Separation of the impedance maxima
a1 3 function of the ratio M/L.
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Vented Enclosures

soutnl svsteen ruiplaving Vs prineddes
wis comatruetal  The lmidspeaker ene
ehosine s the orntenl sl amd |-.r-.||.._
i s 1K exponeutin eane kasdsgesker
[ e e ¥
A masfium Frewpeney driver ynit
i hoem, snid a specal
wnllnnﬂ?dnrmnnuurﬁﬂmlklml-
fevepency it tngother with ...mm.
dividing networks,  Allowanoe fu
stk e okl wfuluaadzlllmni
vuluia Laken ug
e nssociated nypmestis i hoaol
bww wparzie side rabinels, The
mratus unile have een dusigned =
t winar ey s usel together with |
the hdnlepeaker melssie 2s it
e urowstic. perfmmance will e
busneesd iy the heer, lading elfert of the
exponettially whaped mifoees of Ug
sk rabinets

[fo page 44)
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fig. 5. Bulstive soand prewsre ot mouth af
duct with {he atouttic resoeatos fused cos-
wwcily, and mistarad, sspecibdy.
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