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ABSTRACT

Simple analysis ofthe Iowfi'equency behaviour ofa conventional bass reflex loudspeaker system
revealr emailing between the port response and the radiation load Thir coupling, although
almost inrignificant In the context offlufield loading. is a mechanism for Ioudvpeoker / room
interaction at the modalfiequenctes ofo apical listening room A boss reflex system with the
part implemented wing active techniques is presented This active 'part”has such high some
impedance that it is not irJIuenced by the radiation load, reducing the coupling with the room.

 

INTRODUCTION

The moving cone of a direct radiating loudspeaker intended to reproduce low frequencies
generates amum‘c pressures in the air adjacent to both its front and back surfaces. As these
presslnes are in anti-phase, the radiation from a bare driver can be approximated as an aeoustic
doublet. Such a radiator has very low power output at low frequencies, as the front and back
radiation interfere dean'uctively. To avoid the destructive interference, drivers are mounted in
enclosures which separate the front and back radiation, most dramatically in the infinite baffle
or closed box enclosure.

Unfornrnately,thetadiationloadexperiencedbyafinitesourceinfi'eespmfallswithfalling
fiequmcy.suohdmhrgesomoeshengthsaremquiredmgenemmlmgepmsmnesmlow
fiequency. harder to meet this large source strength requirement. some melosure families
exploit the hack radiation. pasing it through acoustic networks which phase shifi the
hacio-adiation such that it will interfere constructively with the front radiation over a range of
frequencies in the low bass. Most familiar of these enclosure types is the has: reflex enclosure
[1], which phase shifis the bankradiation by passing it through a resonant acoustic network. The
largenumbaofbmreflexenclosuresinuseinallareasofreproduoedsound testifytothe
success of the concept.
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Although the physics of operation of a bass reflex enclosure are well understood, the interaction
of such an enclosure with the mom in which it operates is significantly more complicated that
the interaction of a loudspeaker in an infinite bafile. it is the purpose of the present paper to
describe the coupling of a bass reflex enclosure with the modes of a room and to present a novel
has reflex system which is not sensitive to the coupling. The new loudspeaker, in which the
resonant network is implemented using active techniques, is found to offer further practical
advantages overthe passive conventional enclosure.

BACKGROUND

The bass reflex loudspeaker (Figure 1) houses the low frequency driver in an enclosure which
has an opening, or "port", out into its wall. Sound radiated from the back ofthe driver can pass
through the port to the listener. At low frequencies the movement of the loudspeaker cone does
not cause acoustic wave motion in the enclosure or in the port; rather. pressure fluctuations in
the air inside the cabinet are independent of position and the air in the port moves with one
velocity. "Low frequencies" are those for which the acoustic wavelength is large compared with
a draracterisfie dimension of the enclosure.

 
Figure l The conventional bass reflex enclosure.
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Such uniform behaviour allows the enciosad volume of air in the enclosure and the air in the port
to be approximated as lumped acoustic parameters [2]. The analysis of the bass—reflex enclosure
usinglumpedacousticparametersismactiveasitcanhecastintermsofdifierenfialequations
(potentially with equivalent electronic circuits) rather than the partial difi'erential equations
required to describe wave motion.

Neglecting cabinet leaks and motion of the cabinet walls, the pressure induced inside the
closure, p3, is caused by the movement of the cone and the lump of air in the port changing
the effective volume of the enclosure. This causes apressure change due to the stitfness of the
enclosed volume of air, given by : ' >

Pa _=_.'L (1)mi"

in which U15 and UP are the loudspeaker and port volume velocities, respectively, CA is the
compliance of the enclosed volume of air, or is the angular velocity and j is the unit imaginary
vector.

A simplified analysis

The port volume velocity. U, is controlled by the difl'erenee between the pressure inside the
enclosure, p9, and the premure outside. At low frequencies the pressure outside the enclosure is
usually much smaller than pa (a consequence of the low radiation load and the high impedance
of the enclosed volume of air in the enclosure), so much so that the pressure outside the port is
otter: neglected in simplistic analyses ofthe hm reflex enclosure. We shall make the same

assumption here to provide a benchmark against Which to evaluate the effects of
including the «mental pressure in our subsequent analysis.

Neglecting the prmure cuticle the enclosure, the air in the port moves approximately as:

[I p”
‘ = jam,| + R (2)

at low fiequencies. MA is the accustic inertance of the air and R is the loss due to friction etc“
Both M‘ and R are controlled by the dimensions and geometry of the port. Combining equations
(I) and (2) and eliminating pa gives a ratio between the some strengths of loudspeaker and port:

_Uz - 1_—_ 3Um MirnaJl — jRCAm - 1 ( )  Proc.l.O.A. Vol is Part a (1956) 57
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The magnimde and (inverted) phase of equation 3 are shown planed as Figure 2 for values of
acoustic immune and compliance giving a pan resonance in 50 Hz. Various valms of acoustic

resistance, R. have bemused, givinsthe resonance equality factor of 10, 3.16 and l.

 

Figure 2 Ratio of port I speaker volume velociti (-U/Uu) of ihe conventional has reflex

enclosure neglecting external air load

Notethnuhemapimdeofthemonmtpenkisequaltothequalityfnmr:

1

l c‘ (4)
R E

Abovelheresonampeakthephaseisseentolimittuwardstherequirodinversionchebmueflex

enclomreisumemberofthe"phaseinvener"fnmily)andatnllfrequeneiesfromlheresamee

upmrdgwhmmepbmhubmshmdmroughwdwmesomdfiomfiepmhmfm

constructively will: that from the loudspeaker.
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Free field behaviour

The naive analysis described above neglects the air load outside the enclosure If the air load is
included. the approximate equation for the enclosure pressure (1) is not altered. but the equation
for the motion of the air in the port (2) must be adjusted. The air outside the port, p,, opposes
motion of the air in the port, such that the low frequency port response is approximated by:

Pg '1’U = __2_
" jaw, + R (5)

The external pressure, p, has two Domponeuls; that due to‘the loudspeaker motion and that due
to the motion of the air in the port itself:

p, = awzulp + 0,.2, (6)._

inwhichlumis then'aosferimpedancebetween(the‘fiontofthe) loudspeakerand theportnnd
2,, is the radiation impedance seen by the port. The modified port response (5) changes the ratio
of speaker to port volume velocities to:

J' _— z
(7,

Hrs jwMA+R+Zp-—-L
mayI

In free field conditions. the transfer and radiation loads represent low impedanees compared to
thatoftheenclosedairinthebox, suehthatequation7issimilartoequafion3. Figure3 shows
the magnitude and phase of (7) evaluated for a bass reflex system with a driver of 60mm radius,
aportonOmmradiusandadriver‘topoflcentrespaeingoflOOmmmedrivern-ansfer
impedance was calculated assuming perfect hemispherical radiation and the port radian‘on load
was calculated using the piston funcfions [3]. Comparison between Figures 2 and 3 shows that
the air load experienced on the outside of the port in free field conditions has negligible effect
on the operation of the phase inverter.

Proe.l.0.A. Vol 18 Part B (1995) 59
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Figure 3 Ratio of port / speaker volume velocities (-UF/Um) includingfiee field air load

PORT INTERACTION WITH A ROOM MODE

The discrete low frequency modes of small listening spaces occur at frequencies close to the port
resonances of typical bass reflex enclosures. Each of the modes of a room have resonant
behaviour. centred at frequency (on, described by a frequency domain lactor of form:

' _i»__ (a,
to: + jRnw - 0‘

The lowest modes of small rooms can have modes with quality factors of greater than 50 [4].

Although it has been demonstrated that the phase inversion achieved by a bass reflex enclosure
is not appreciably influenced by free field loading, the presence of a high quality resonant mode
can significantly influence the port velocity. To illustrate this effect, a single resonance (8) was
added to the free field radiation loads described above. The resonant frequency was deliberately
chosen as 55 Hz, close to the 50 Hz port resonance of the bass reflex system discussed above.
The magnitude radiation load seen by the port was as shown in Figure 4.

60 Proe.l.0.A. Vol 1a Part B (1996)
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Figure 4 Simulated magnitude radiation load with asingle resonant mode

Introduction of the single resonant factor in the radiation load seen by the loudspeaker disrupts
the port motion, as reported in Figure 5. In addition to modifying the vector summation of the
output fi-om the loudspeaker and port (relative to the idealized case reported in Figure 2), the
resonant component of the radiation load will lengthen the impulse response of the system.

 
Figure 5 Ratio of port / speaker volume velocities (Up/U5) including the resonant load of
Figure 4
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A NOVEL ACTIVE BASS REFLEX ENCLOSURE

The bass reflex enclosure interacts With the acoustic environment in which it operates by virtue
of the source impedance of the port. The loudspeaker unit has reasonably high source impedance
and is relatively unaffected by the room (indeed loudspeakers are modelled as a first order
apprmdmation as constant velocity sources, which have infinite source impedance). The port,
having lower source impedance. is influenced strongly by the room, allowing the loudspeaker
/ room interaction described in equation 7. if the source impedance of the portean be increased,
the loudspeaker / room coupling mechanism can be reduced; the remainder of this paper
introduces an enclosure with a port with effectively infinite source impedance.

  
Figure 6 The Active bass reflex enclosure

The system depicted as Figure 6 has a second loudspeaker unit in the position previously
occupied by the port in the conventional bass reflex enclosure. In the absence of electrical input
to the second loudspeaker unit, it's cone will be forced into motion by the difference between
the pressure inside and outside the cabinet.

62 Proc.l.0.A. Vol 13 Part a (1996)
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If the mechanical parameters of the cone and suspension of the second loudspeaker are chosen
appropriately, the system will still have a resonance between the enclosed volume of air in the
cabinet and the cone‘s inertance - the system will still have bass-reflex action (indeed such
systems have been commercially produced - the second driver is sometimes called an auxiliary
bass radiator). However, the motion of the second cone is still influenced by the pressure outside
the system. This influence can be avoided by controlling the motion of the second loudspeaker
electronically, as shown in Figure 6.

If a loudspeaker cone is instrumented with a miniature pressure microphone and an accelerometer
it is possible to control the cone motion such that the surface impedance is forced to a pre-
speeified value [5]. if, as shown in Figure 6. the pressure is detected inside the enclosure. then
the impedance at the back of the second driver can be forced to a pro-specified value, 2M.
Under such control. the ratio of the source strengths of the two loudspeakers (the second
loudspeaker now being interpreted as an active port) is:

_Uz = _ __1
(I,_s 222”ch _ 1 (9)

J‘  
  
    

    
     

If the impedance of the back of the active port is forced to:

Zn" t = jQM + R (10)

then equations (3) and (9) are identical. This shows that an enclosure with an actively
implemented port would not sufl‘er the room load interactions possible for a conventional has
reflex system.

Experimental verification

Experimental versions of the active bass reflex system proposed have been constructed. In the
development systems, the (110mm diameter) active port has been controlled to offer an
approximation of a mass load and achieves the performance shown in Figure 7.

The measured impedance, Figure 7. shows the expected rising magnitude and 90 degree phase
advance over a wide frequency range (the system was low pass limited at 150Hz by filters in the
analog signal conditioning electronics).

Proc.l.O.A. Vol 13 Part B 0996) _ 63
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Figure 7 Measured impedance of an active port controlled to offer mass load.

Figure 8 shows a typical measured far field frequency response of an active bass reflex system,
constructed in a 17 litre enclosure with 110mm units as both main and "port" drivers. The Figure
shows both the response with the control system on and the response measured with both units
driven in parallel. The system exhibits the bass extension and increased roll off below resonance
expected of the bass reflex configuration.

1000
Frequency Hz

 
Figure 8 For field response of on experimental active bass reflex system. (Heavy line; both l.f.
units driven in parallel, light line; one Lf. unit controlled as "active port").
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FUTURE DEVELOPMENTS

As well as isolating the motion of the "port" from the loading effects of the room, the active bass
reflex enclosure ot‘fersvanother significant advantage over the conventional passive system »
programmahility. The impedance of the active port can be specified (in the computer control
system) to be any combination of mass and damping. This ofl‘ers an additional degree of freedom
at the design stage, allowing, for example. the specification of a port which would be too large
to physiwa fit withinthe enclosure if realised in conventional passive means.

The active port impedance need not represent just inertanoe and damping - any impedance that
can be represented by a physical filter inside the control algorithm can be implemented. allowing
entirely new loudspeaker tunings, many of which would be impossible or impractical using
pasive means.

The programmabih’ty of the enclosure could also be exploited to adapt the acoustics of the
system, perhaps moving the resonant frequency of .the active port in real time. Using this
technique it would be possible to make a system which continuously tunes itself to allow single
instantaneous fi’equency bass reproduction with the highest possible efficiency. The identification
of the frequency to which the system should be tuned could be readily achieved using linear
predictive coding techniques. Unfortunately, a high quality factor resonance, necessary for high
efficiency, requires a large port volume velocity (equation 4). This cannot be achieved using a
main loudspeaker and active port loudspeaker of equal radius without excessive throws on the
active port. For this reason the active port would generally be implemented using a driver of
larger radius than the main loudspeaker.

CONCLUSIONS

The operating source impedance of a low frequency loudspeaker drive unit is ofien so high that
its motion is not significantly influenced by normal air loading. If it is desired to fiirther
tmcouple the loudspeaker drive unit. “motional feedback" control techniques can force it to
behave as a true constant velocity source. This is not true of the motion of the air in the ports
of vented loudspeaker enclosures, which may be strongly influenced by irregularities in the
radiation load presented by the listening space. This paper has presented a simple demonstration
of that coupling mechanism and has introduced a new active phase inverting loudspeaker system.
This new system could be constructed with infinite source impedance, making it completely
independent of low frequency room interaction.

Proc.l.O.A. Vol 15 Part a (1996) 65  
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