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Acceleration feedback

loudspeaker

Feedback from speaker cone reduces distortion and

improves frequency response

by D. De Greef and J. Vandewege. Laboratorium voor Elektromagnetisme en Acustica, Gent, Belgium.

An economical and easily built
acceleration-feedback loudspeaker is
described. It consists of a two-way,
passive-crossover speaker system
housed in a compact 44 litre box, and
a preamplifier to process the woofer
cone-movement feedback signal. Any
good power amplifier with a
maximum output power lower than
120W r.m.s. can drive this system; no
critical adjustments are required.
Acceleration feedback is shown to
improve considerably the system
response below 200Hz. In this region
distortion is reduced by a factor 2 to 5,
and the power handling capability of
the box is increased by 50 percent. In
spite of the simplicity of the design, a
20Hz to 20kHz response, flat to within
+3dB, was easily obtained.

* A pair of 20cm diameter Philips
ADB8067/\WMFB4 woofers was chosen for
our purpose. These speakers have a built-
in piezoelectric transducer, and can handle
40W r.m.s. each. Electrically connected in
series, and acoustically coupled, they
displace the same volume of air as a single
25cm woofer. However, they are mechanic-
ally stronger, and cone break-up occurs at
much higher frequency (1250Hz for the
ADS8067/WMFB4 instead of 200 to 400Hz
for a 25cm woofer).

The coupling between the woofers
forces them to behave as a system, showing
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a single fundamental resonance. The
22mm chipboard box shown in Fig. 1 has
an effective volume of 44 litres. Its inside
dimensions approach the 1.6: 1.25; 1 ratio
required for a good distribution of the box
resonance frequencies. The oblique parti-
tion successfully eliminates the lowest
lengthwise resonance of the box at around
260 Hz without deteriorating the acoustic-
al coupling between both woofers. Figure
2 shows the woofer frequency response
measured in an anechoic room at 1m on
axis, after filling the box competely with
polyether foam, which produced a 60Hz
woofer resonance with a 0.7 quality factor.

Each woofer cone carries a small
printed-circuit board (Fig. 3) on which a
piezoelectric acceleration transducer and
f.e.t. amplifier are mounted'™. As Reference
3 shows, cone acceleration is proportional
to the low-frequency, far-field acoustic
pressure generated.

The transducer output was recorded
while driving the f.e.t. by a grounded-base
n-p-n BC549 to form a cascode stage. Figs
4 and 5 show the results: the 30 to 120Hz
speaker response is very well reproduced.
Further measurements showed the
transducer output below 30Hz to be de-
creasing, probably because of the finite fe.t.
input impedance. Above 120Hz, the

oortant dimensions of chipboard
nclosure.
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710 180dia.

The enclosure in an anechoic room: front
view showing the soft-dome midrange and
both woofers.

transducer output falls because cone move-
ments are increasingly damped by the sur-
rounding air. Above 1kHz, cone break up
and transducer resonances dominate. In
the region of interest, the difference be-
tween speaker response and transducer
signal can easily be modelled as a first-
order, 300Hz highpass filter.

Feedback system

A source of inspiration was the Philips
MFB speaker system 22RH532'2. It has
separated power amplifiers for low (40W)
and medium to high frequencies (20W),
which are incorporated in the box together
with a number of filter stages. Woofer
feedback is active (loop gain <1) in the 15
to 400 Hz frequency range.

We succeeded in using a single good-
quality power amplifier for the entire au-
dio range, by carefully redesigning the
feedback system as in Fig. 7. Any good
power amplifier can be used, provided its
passband reaches as low as 5Hz (for loop
stability’s sake), and its power output
doesn’t exceed 120W r.m.s. Loop gain has
to be adjusted, once and for all, to 12dB at
100Hz, a 20 per cent fault being hardly
noticeable.

A crucial point in our configuration is
the 44 Hz low-pass filter in the feedback
signal path. It eliminates distortion com-
ponents of the piezo transducer in the
medium range, where transducer distor-
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<« Fig. 2. Frequency response of the woofers,
mounted in the foam-filled enclosure.

Fig. 3. Woofer construction with built-in
acceleration transducer and f.e.t. stage.
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o Fig. 4. Acceleration transducer response
with constant speaker voltage applied.
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Fig. 6. Modelling the woofer-transducer
response difference.

o Fig. 5. Acceleration-transducer phase
response.
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tion (0.5 to 1 %) exceeds the distortion of
the woofers (<0.5% around 350 Hz). The
44 Hz cutoff frequency is optimized for a
maximum allowable loop gain. Although
the system remains stable for a loop gain as
high as 22dB, one should not exceed 12dB:
excess input signal would provoke too high
a drive signal for the power amplifier,
causing severe distortion, long settling
times and possible destruction of the
power stage or the speakers.

The filter stages a, band c in Fig. 7 form
a feedforward compensation of the servo-
loop transfer characteristic. Only first-
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order and low-Q (<0.8) second-order filters
were employed to avoid any ringing or
overshoot in the system response. The cir-
cuitry shown in Fig. 8 is incorporated be-
tween the preamplifier and power stage of
an existing audio amplifier, and contains
all the signal-handling stages required. Ex-
cept for the connexion of one LM381 in-
put amplifier as part of the transducer f.e.t.
cascode stage, its design is very conven-
tional. The 12dB loop gain adjustment R
should be set at about 22k{) for-a 34dB
power amplifier gain. The whole is fed by
a single 24V power supply, shown in Fig.
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Fig. 7. Block diagram of the acceleration
feedback system.

9. A relay shorts the power amplifier in-
put for ten seconds after switch on, to
avoid switching transients.

As Fig. 10 shows, the power-amplifier
input signal, generated by a constant
servo-system input level, is a complement
of the woofer frequency response, as deter-
mined by the servo loop. Because audio
programme material seldom contains
strong very low frequencies, this bass
boost does not require excessive power
levels. However, the box must be carefully
sealed and filled with polyether foam in
order not to reduce the woofer’s low-fre-
quency power-handling capabilities, As
the servo loop is operative as low as 12Hz,
a high-pass rumble filter may be needed
when reproducing discs: the filter time
constants, however, produce an increasing
feedback level for those very low frequen-
cies. Subsonic cone movements are
strongly damped, obliging the voice coil to
stay in the linear region of the magnet
system even for higher drive levels. This
raises the processable power level, for
typical audio programme material, from 80
to about 120W r.m.s. Figure 11 shows
woofer distortion when a 25W sinusoidal
signal is applied to the box: closing the
feedback loop dramatically decreases low
frequency distortion.

Fig. 8. Filter and feedback stages.
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Fig. 9. Relay driver circuit and voltage
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Fig. 10. Power-amplifier drive signal with
constant servo-system input voltage.
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Fig. 11. Total harmonic distortion of the
speaker system with and without feedback,
for 25W sinusoidal drive.
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Fig. 13. Overall system frequency response in anechoic room, at Tm distance. a) on axis. b) 30

degrees off axfs (horizontal plane),

Crossover

With constructional simplicity in mind, we
searched for a good amplitude and tran-
sient waveform response*. Ordinary con-
stant-resistance filters showed excessive
ringing (squarewave response), and only
combinations of first-order and low-Q
second-order filters proved to be accept-
able acoustically.

Different three-way combinations were
built, in which or a Motorola piezo
tweeter, or a 2.5cm Philips dome tweeter,
ADO0141T8, was used with a 4kHz second
crossover frequency. Main problems were
tweeter resonances in the 1 to 4kHz re-
gion, causing poor squarewave response.
Moreover, thermal modulaton of the
tweeter sensitivity was observed at higher
drive levels: due to the short thermal time
constants (around two seconds for a 2.5cm
dome tweeter), voice coil resistance can
change appreciably with the rhythm of
strong transients’.

A much better result was obtained with
a Scm Philips soft dome midrange, type
ADO02110 SQ8, in a two-way configuration

with 900 Hz crossover frequency. This
speakers has a 20 seconds thermal time
constant. Its high-frequency response is
equalized electronically from 8 to 20kHz in
filter stage c of Fig. 7, and from 4 to 8 kHz
(approximately a first-order pole at 4 kHz)
in the crossover network of Fig. 12, The
coils are wound on Siemens ferrite drum
cores, thus avoiding excessive wire length
and resistance. The high-pass section con-
tains no electrolytic capacitors, as these
were inaccurate and often inductive at
higher frequencies, and parallel combina-
tions of foil capacitors (Siemens MKM
series) were used, each capacitor being
able to handle 400mA of current. Low
inductance resistors are also to bhe pre-
ferred. |

Finally, Fig. 13 shows the anechoic
room amplitude response of the system.

Although these curves can stand com-
parison with much more complicated (and
expensive) setups, the most impressive re-
sult cannot be written down: a very sharp-
cut transient response even at high levels,
and a completely uncoloured reproduction
of the human voice.
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Inside view of the enclosure showing the
crossover network suspended on the
oblique partition. Box must be completely
filled with foam.

Editorial note

The drive units are obtainable from
Philips Spares Division, 604 Purley Way,
Waddon, Croydon CR94DR, at £34.22,
£22.70 and £17.25 for the woofer, 2in
dome and tweeter respectively. Siemens
MEKM capacitors are stocked by A. Mar-
shall (London) Ltd, Kingsgate House,
Kingsgate Place, London NW6 4TA ;
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