AN ACCELERATION
FEEDBACK SYSTEM

BY HANS KLARSKOY MORTENSEM

concentrated on improving this ingenious
and imperfect device, [ am quite sure if
the inventor could listen to the new breed
of his device, he would hardly believe his
own ears, No doubt we will see still im-
proved versions of the dynamic driver.
However, recent years have shown a
return of interest in circuitry designed o
compensate for various speaker short-
comings. This is partly made possible by
the vast improvement of relatively inex

pensive, good quality audio circuits
which have appeared during the last bwro
decades. Some vears ago KEF introduced
their K-UBE in connection with some of
their high-end products, and recently

even B&OD bas introduced an active
equalized loudspeaker system

In this article we will look at bvo ways
to improve the problematic low-fre-
quency response of dynamic speaker
systems,

CHEATING NATURE. The human
mind has come up with many ways of
“iricking” nature in an attempt to make
small speakers reproduce frequencies
which are, in theory, impossible for their
size. In the following, T will use “low fre-
quency”’ to signify the register from ap-
proximately 120 to 20Hz.

In terms of guality we need linearity

PHOTD 1: The subreacder with a 12 inch Sriver

his article differs somewhat from the

standard do-it-yourself (DTY) arti-
cles, which usually offer complete con
struction information. Sometimes [ am
bored by all the "'do this, don't do that''—
all of which is necessary for a constrac-
tion story. [ decided to try another type
of DTY article, including notes, ideas, for-
milas and considerations.

INTRODUCTION. Since the inventon

of the dynamic loudspeaker, we have
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FIGURE 2: Low-pass lilter componant valwes. Also inciuded is the program which calculates componani valuas lor the low-pass filler, writtan
in G¥W-Basic. It should be lasry sasy bo rawribe in another Basic dialect.

and low distortion and in terms of quan-
tity we need SFL levels of at least 90dE.
Fulfilling these demands 15 very difficult
indeed. Some of the more conventional
ways comprise—in order of physical di-
mension—horns, transmission lines and
reflex systems, all of which are very well
describeed.

There is another way: electronic com-
pensation of an “ordinary”’ dynamic
driver for ) and resonance frequency
[Fal. Electronic compensation is prefer-
able to passive compensation for several
reasons. The most obwvious is that you
can realize the low register with quite
small speakers. Another is that you have
2 large selection of usable drivers, thus

values. Of course you must compromise
somewhat since the driver's cone excur-
sion is limited, and every time the Fj is
lowered by a factor of bwo the cone ex-
cursion is increased four times. But if
vou have a fairly good driver you should
have no problems at reasonable levels.

As | mentioned, you must know the
Q and F, of the complete speaker
gystem in order to use the semiactive
compensation circuit, Measure the ) as
described below on the actual terminal
of the closed-box speaker system you
want to compensate. nclude the in-
fluence of possible crossover compo-
nents and their influence on . Here is
howw you do it

2 You need a calibrated audio fre-
quency generator which can deliver 10V
EMS [you may need a power amplifier
i your generaior cannot supply this
voltage]. S22 Fig 1.

Mow you can read the impedance [Z)
of your speaker directly since 10m%
RMS corresponds o a Z of 1. First, find
the frequency where Z is at maximum;
this is Fy. Then calculate B, from

Raw = vBax * Roc

3. Mext step is finding F1 and FZ, the
frequency where Z = B,y on each side
of the peak. Mow calculate O

prr e e
reducing the total cost of the system 1. Measure the DC resistance of the O« |0 . Fo
Let's look at two different sorts of elec-  speaker with an chmmeter. Y Bauur F2 - FI

fronic compensation circuits.

SEMIACTIVE Q COMPENSATION.
The circuit in Fig 1 was developed by
Segfried Linkwitz and described in Efec
rromcs and Wireless Worla® along with the
design formulas. If you know the O and
resonance frequency of the speaker in
gquestion i is only 8 mater of using the
formulas 1o get the right component

=

EMGLUAE X Measurning saiup for tha Ao fra-
qQuency genaraior

{45 a check, Fn = +/F1*F2|

You are now ready fo calculate the
necessary component values. See for-
mulas in Fig. 1.

The mathematics of the design formmuala
are not complicated, but a bit tedious,
gince you'll have to do the caleulations
a number of tmes to get not only com-
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FIGURE 4 Practical datails in connaction with the use of the O compansalion nelwor,

ponent valoes which are obtainable but
also an F1 which is not too low. Mosthy
for the fun of it, [ wrote a Turbo-Prolog
program which you can obtain on disk
by writing to Old Colony Sound (see
parts lost),

Using this circuit in a two- or three-
amp system with an electronic crossowver
network is straightforward: The ampli-
fying device is just a very good op amp
[Fig. 4]. Using the system in a single-amp
system reguires a very good amplifying
device. Mo op amp [ tried alone was saf-
isfactory. The loss of dynamics and detail
was obvious indesd. | got a far better
result with the one in Fig. 5—an FET-
tube-shunt-regulated push-pull amplifier.

The arcuit is based on the well known
valve, SRPP, with which Anzai and Jean
Hiraga have experimented.” The input
and output impedance of this circuit are
50 high and low, respectively, that the
error you introduce by disregarding
them is irrelevant, provided you use an
Rl betwesn 47 and 150 and a C1 be-
pween 0,22 and 0.56pF. In my system
this didn't affect the tonal balance or the
sense of dynamics outside the low reg-
ister at all

I have tried the () compensation cr-
cuit with bwo systems. The first one was
a three-way single-amp system, where |
compensated the KEF B200G wooler,
The result was quite astonishing: a far
better transient response and a much
richer low register. In this case [ used the
FET-tube ampiiiving device.

The second system was my obd E55
At 1. This speaker is extremely ambi-
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Hows and in many respects still very
good, mainly because of the excellent
Heil driver. It is also well built with a
sirong cabinet, and the crossover net-
work is stuffed with lots of heavy and
EXPENSIVE COPPET WIrng,

The slave-woofer system, also ambi-
tious, sounds horrible, mainky because
of a strong peak around 50-60Hz and a
very poor transient response. To make
things even more interesting it's almost
impossibie to fit the speaker into ordi-

living rooms. For quite a while I
had been looking for a replacement, but
the upper midrange and treble of the
Heil are very difficult to live without,
whereas it i5 nearly impossible to live
with the homible bass reproduction.

50 1 removed the passive slave radiator
and closed the hole with a piece of chip-
board, adding mare damping material to
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lower the () and improve the woofer's
transient response. The resulting Q
turned out to be 0.8 with a resonant fre-
quency around 45Hz. Then | calculated
a ) compensation circuit. This Gme |
used an op amp and the superb home-
spun video buffer described in Audio
Amateur 288, p. 24. For further details
see Fig 6.

And the result? A remarkable im-

provement of the woofer's transient

and a much cleaner bass repro-
duction. The anly snag is a heavy loss
of sensitivity, which is, however, easily
compensated for with the controls on the
speakers. With this update [ feel a bet-
ter speaker would cost at least three
times the originel price.

However good this idea is, it still has
one problem: The increased cone mowve-
ment in the low register will cause
greatly increased distortion. Even though
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important it s nevertheless undesiraible
and 10% 2 30Hz is decidedly unwel-

come, This aestortion may be efiminited
in two ways: very expensive drivers in
fairly large cabinets or via electromnics
We'll look at the latter

ACCELERATION FEEDBACK. MNow-
adays the most well known feedback
system is probably Infinity's servo-sys-
tem in (among others| their IRSS. Other
manufacturers have experimented with
servodfecdback systems as well. Several
years ago Philips marketed a “Motional
Feedback' loudspeaker system [Fig. 7.
The bass unit of this active system was
unigue in that it had a small piezo ac-
celerometer and an FET impedance con-
verter mounted on the cone. The accel-
erometer’s output was then returned to
the input of the power amp and thus
created a feedback loop. The feedback
circuit (Fig. 7] s marked by quite heawy
phase and filker compensations around
B647, 652, 651 and C521, 523 and 525,
and the feedback path of the low-fre-
quency power amp is also heavily com-

nsated. Another author’ gave the rea-
son for some of thess compensations:

PHOTO 2: Ledt, the impedance canverar
Right: the piazo ransducer gleed onlo the in-
side of the dust cap.

The piezo is far from linear. Part of this
nonlinearity, however, was due to the
limited imput impedance of the Philips
FET.

Om the basiz of the Philips speaker,
Mr. D. De Greef and ]. Vandewege® |Fig.
5 succeeded in designing a single-amp
system with "motional feedback™ com-
pensation of the bass unit. Looking at
this design from the low-frequency view-
point it is interesting to nofice that the
piezo i3 hardly compensated at all. In

Faad Bapip ALL4d

fact, the D
LUk

Greef and Vandewsege cir
irkably simpl
Thie= sclea e '|'_-!.|-:|r-*|I LA W Yersion
oy B Conell.” Conell's idea was to mod-
ify an ordinary driver by adding a sim-
ple piezo accelerometer and a vastly im-
proved mpedance converter, This 15 a
very good idea, and it makes it possible
for us to experiment with many drivers
ather than those from Philips

Cone movements can be monitored in
other ways. Elbert Hendricks has de-
scribed a version using a coil whose in-
ductance is like that of the speakers in
a bridge |'\-::-|'|r_'.!|.urz|.l||.‘:-|:|."I The function of
the bridge is to separate the drive signal
from the driver's “error'” signal. Mr
Hendricks' circuit does, howewer, re-
quire quite & lot of adjustment and mod-
ification to suit drivers other than the
ones he used

The basic principle of the mobional
feedback systemn can be seen in the block
diagram below:

)
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A speaker/amplifier
interconnect that 15
virually indestructible and
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Another
Neutrik
innovation

gwh LA, e o LGDE Miginar Srred o Sikide, 41 38137
HL S T 1] - Rl e i

e

MEUTHRIK UEA, INC.




At

[ <
., it
il hbil

E

000 gan of eshmant

e hal |
|= Ik, fer 7B power sepifer qgom i

Fa : Iz B
T |
slegeramd ¥ s .
ir{7] Lr
e T g T‘ F TR

Ay w5

L's HKM o nak el ecfroeydic
NOTE; The feiey apens 10 seconas

affer mans gwhoen

| o et

8 1 amplifier
b i fi o L - i
¥ = e

. T reigy
R D“vuj—— drteif
CFTLT

B

.

FIGURE 8: The De Greel and Vandewepe singla-amplifier accaleration fesdback lousspaaker, Reprinbed with parmissian from Elsciromcs and

Wiraisgs Warks

A represents the power amplifier and
fb the fesdback path. At point C the
feedback signal is deducted from the in-
coming sgnal so the actual oubput at
point O is the difference betwesn the in
coming signal and feedback signal. If
fbo*A is much higher than unity then O
will be egual to 10"l This fact means
that the resulting sound pressure level
[SPL] is independent of the driver, pro-
vided that the entire system i3 stable.

In practice we cannot do as well, but
with luck a modest driver can be per-
suaded to give this performance: in a
small cabinet [ used approsimately 40

liters|, | obtained a £ 3dB response from
15-250Hz, with a few percent distortion.
The price is modest: an extra amplifier
and a feedback network,

DRIVER CHOICE. In choosing a
driver for this system you need not look
at its specifications. They will quite likely
change significantly when the unit is
modified. Three parameters vou should
consider critical are: the unit's power
rating, cone excursion limit and driver O,

The first parameter is easily taken care
of: 30W 15 enough for most applications
in ordinary living rooms.

FHOTO 3. From the lafl. he .38 cap, the psazo disk and the piezo spagker
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The second is more problematic: If
you want high SPL at 20Hz out of an 8
inch speaker you will need large cone
movements. One of my prototypes used
two 8 inch 5 ers with lem maximum
cong excursion limits. This system does
reproduce 20Hz notes, but not very
loudly. Three or four 8 inch drivers per
system should perform quite well, You
can also increase the size of the drivers.
A second prototype uses a 12 inch unit
with mecdmum &7mm oone movement.
This one gives somewhat richer sound,
and the actual levels are a bit higher than
the 8 inch units. When planning a sys-
temn along these lines remember that the
cone ampdibude is constant above the res:
onance frequency. It increases with a
factor of four every time the frequency
1% lowered by a fector of two, Therefore
a low resonance frequency is preferable

The third parameisr, ), affects the
transient response. You should ainy at a
bovwr botl ©, A fotal © of 0.5 is good, but
somewhat higher gquality factors will
work.

Keep in mind that loud 20Hz notes de
mand large cones and large

,
o e T A 19

imch drivers

DRIVER MODMFICATION. The first

T S d

(oo 31 | found mine inside inexmen-
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the same phe saved the small piess
isk and thre rest away. Unfortun
ately you annot use the ever-bespung
computer types as they are too wtiff

Conell used a similar type of piezo
bought in Great Britain; [ bought my bwo
different looking piezo drvers in Len-
mark. bui their performance seemed
uniform. Since they are used to record
frequencies far below any of their no-
merous resonances they perform well,
Thiz doesn't prove you'll be able to get
one with the same performance in the
U5, but it is likely.

Cmice you have found the piezo disk
vou proceed bo the driver. It's best to
mount the accelerometer inside the dust
cap which is normally glued to the cone
with thermoplastic glue. This can be
lifted with a hot knife. If you cannot do
it this way you'll have to cut off the dust
cap; gluing it back in place is not
ditficult,

With the dust cap remowved you are
ready to mount the accelerometer whose
edges must be free of the dust cap so
you'll need a small block of wood or
acrylic [3 x 3 x Zoom) to lift the piezo disk
from the surroundings. The dust cap
must be stiff; coat it with a thin layer of

L‘L"LI"SD““
D'BS SPEAKERS

B

....... LR

+10 i g
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e el .
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0 20 30 40 50 T 100 200 300 B0 Ik
Hz

FIGURAE 9 Typical ransducer rasponsa. The curve was made keaping the oulput from the
spanker constant and by plotting the fransducer response picked up at point B in Aig. 10, The
porear amplifier for the speaker was fed diractly from the audio frequency ganesator, and the

gignal picked up wilh & Brual & Kjagr condenser microphong

epoxy resin, the same as you use to glhae
the piezo in place

When the epocy has hardened, solder
some thin flexible wires to the pieso's
terminals. You can either twist the leads
together firmly and fix them inside the
dust cap, or use shielded wire. The lat-
ter is preferred because it minimizes the
rizk of hum pickup.

Mow punch a small hole in the cone

for the leads from the piezo and replace
the dust cap with thermoplastic glue.
This modification should be done care-
fully —anything loase will rattle horribly
While the ghue is drying procesd io the
impedance converter. [t can be built on
a small piece of vero-board or the like
Drill one or two holes in the driver chas-
gis, but be careful not to glue the con-
verter anio the chassis. This also must

Manufacturing OEM loudspeakers in the USA since 1946

Cartonneau |s now offering a product line of loudspeakers to the
hobtiest and small speaker manufacturer that has all the
tradifional top quality engineaning fraits that go into any of our

custom designed drivers.

A total of 16 difterent woofers are available in quantities of
1 to 280 pieces along with quantity price breaks.

* CARBON-GRAPHITE CONE FORMULATIONS

* AUBBER SURROUND SUSPENSIONS

* FLAT SPIDER SUSPENSIONS

« VEMTED POLE PIECE ASSEMBLIES

» KAPTON™ WOICE COIL FORMERS

CALL OR WRITE TODAY FOR MORE INFORMATION

custom engineered and manufactured loudspeakers

Garbﬂn HEEU BO%9 myriie now.  grand rapids michigan 48504 usa

Faat Rapy wdiJay

ph 616,456 9628  fax 516,456 5548
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RE 23k
ot i be done with care. As a result of this  is risky because of the danger of oscilla-
A1 10k modification the resonance frequency of  tion, we do nesd some sort of adjustable
A1z 220K the 8 inch driver went down 5Hz, where-  phase-shift network,
A1, 14,16 Sewted as the stiff suspension of the 12 inch  The phase-shift circuit is shown below:
E}E ;;: P — unit kept its resonance frequency almost
A18 23k unchanged. - -
Fi19 100k 1
- FEEDBACK SIGNAL. Our aim is o get
s s beta as good a replica of the cone movements | ¢
Al B% metal fim, unlass atharwise indacaled s possibile, wivih nassn e a.mplitudt ) ! }I O Y
Capacitors of the output from the piezo must follow E
C1 0.15sF, 100Y, MET the amplitude of the cone movements
.2 LSS T MKT [ have modified two sizes: an 8 inch and
E‘:’: EﬂgunLﬁl:ﬁTm a 12 inch. In Fig. 9 you see a typical e
Frilips K5 response curve of the relative output The phase shift is given by:
C5 1uF, 100%, MKT from the transducer. | kept the near-field
G5 Th S : SPL constant while recording the output 0 = 180° — 2*tan " "[iF),
Eg 10 1?'*'5?@“""&%"’““ of the transducer. It appears that the
E-; }E 31::;" 100V linearity in the region of interest is very  where 0 = the resulting phase shift in
(s3] TLOT1. JFET op amp good, so good in fact that [ dide't find  degrees at frequency [ and whese
IC2 TLO72, dual JFET op amg any further compensation necessary.
sy 4 88 TLO71, JFET op amp So far a0 good, but amplitude is not F = WR"C*2"x|
I:"-1= a ‘;;:E"rfj E?L:IBL;E;T - — everything in awdio. Phase is also impor .
E.,.-,'-- wo-aale. make bedora break tant_ In my case a rough estimate of the  On the complete schematic, Fig [0
switch phase response suggested some 90°  you'll find it around ICZ. 1 will return
X1 pigzo fransducer, sea taxl phase shift around 70Hz. The other ver-  to the practical adjustment procedure
BCSL BSK sions along these lines have included later.

In Fig. 10 vou will notice the differen-
tial point at tve junction of B§ and B31
in combination with [C3. The filter ned
work around R11. 12 and C3, 4 i= nec
eusary 10 ensure stability, The buffer [C4

quite complex phase-shift compensa
tons, but since you are 2oing bo use wnur
own drivers the components [ could sug-
work. Though manipu
lating phase shift in feedback circuilry

S0OF-A5F.1 disk comains the dessgn lormula
for calcutstng Q. Format S, DSDD, 360K,
IBM caompatible. The price is 512 50 fram Cikd
Codoryy Sound, 20 Box 243, Peterbarcugh. MH
J3458
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CROSSOVER COMSIDERATIONS.
Many a small closed-box speaker has a
rodloff around 12dBloctave. Adding a
simple first-order filter will give a rolloff
af 18dB, which indicates that the sub-
systemn should be equipped with a third-
order 18dBiocave filker. You can see this
around IC5. At the end of the article
you'll find component lists for various
crossover frequencies and Os. This
should make it possible for you to match
the subsystem guite closely with your
side systems. The extra first-order filter
for the side system is best implemented
by adding an extra capacitor in series
with the input of the power amplifier.
[t may be caloulated from:

— & TIN LN

where C 15 the capacitor, Zy is the in
put impedance of your power amp and
F is the required crossover frequency
[The units used are ohms, hertz and
farads.|

Since it is difficult to inwvert the true
phase of this subsystem [ found it nec-
essary to provide a simple 1807 phase
selector. This is seen around 51 and 1C6.
Apart from the influence of the series
resistance of R17T's wiper, the gain of this
stage is unity, both in and out of phase
ithe difference between the inverted and
noninveried gain i3 maximum 1dB].

THE BOX. I'll leave the box dimensions
to you. Remember, the higger the box the
higher the 5PL. | have only expernmented
with boxes of approcdmately 40 liters,

The box must be absolutely airtight.
Any leak will imcreas: distortion and
lower the maximum = 7L, Fill the box
with damping materis| to reduce the
total . A total arounc 0.5 is ideal. but
[ haven't expenmented with it. The res-
onance frequency is imelevant [see block
diagram under Feedback Signall.

THE POWER AMP. Anv good power
amplifier will deo as long as it has a gain
af not more than 30dE and a frequency
response down to 3-5Hz, The Hendncks
sysiem uses a power amp with no more
than 19dB gain. Higher gain and higher
cutoff frequency will reduce the feed-
back system's stability margin. [ have
used a simple 60W bipolar device. Slew
rate and distortion are not imporant in
this case. L] integrated power amp s
should work very well,
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FIGURE 12a: Mear-finld response of ane 8 inch driver in & 40 Ber cabinet withou leedback,
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FIGURE 12c: Near-field response of ane 12 inch driver ina 35 liter closed bax, wahoul fesdback.

+5 T e renn
FEFE R HiiREE
I | R R 1§35
-5 // = 2
HEEFER] I
=10 : .
1] 20 30 40 50 T 1060 200 300 SO0 Ik
Hz

FIGURE 12d: The 12 inch driver under the same sonditions but with leedback,

POWER SUPPLY. The feedback dirouit
congumes about 25mA. On the board [
have provided space for two 15V/IW
zeners and two electrolytic capacitors
along with further high frequency de-
coupling. Tt goes without saying that
ihese capacibors are not critical at all. The
only thing to notice is the inclusion of
high frequency decoupling of the im-
pedance converter around IC1. Leaving
these out will cause severe problems.
The idea is to get power for the feed-
back circuit from some other unit. Zener
diodes greatly simplify the power sup-
ply and you can get the current you need
irom any source in the awdio chain.

Resistors B2l and E22 are given by
Ohm's law
b i Glumns}

M 5

yeaker Bullder ! 180

ADJUSTMENT. Complete the circuit
board but instead of R4 use a 220k0
irimmer. Connect the phase and lewvel
conirals with a three-lead shislded wire,
Motice that R18 should be connected be-
bween the switch and potentiometer.
This arrangement saves one bong lead.
Connect the fesdback circuit to the am-
plifier. Make sure that R4 is as close to
0L} as possible.

Tum on the power. If you are lucky
and everything is done cor rectly nothing
should happen. If you get a very low fre-
quency odcillabion reverse the connec-
tons to the speaker jor to the prezo, bul
that is difficult since yvou'll have to ake

he speaker out of the cabinet)

Mext, apply a small signas of 70-90Hz
Turn the level control #il vou hear the

sigmal softly. MNow Ly ply a lttle

fesdback by turming B+ Th
crease the gain of IC2 and the signa
from the transducer will be allowed into
the feedback path, Incresse the teetdback
level until you sense " wall sign
of osctllation, and try 10 keep nscalla-
ion so that it is 1u1-1 barely audible
When you apply feedback. the oufpus
from the speaker should decrease. It is
now possible to compensate for the
phase shifi which is the root cause of this
oecillation by adjusting RS, When oscilla-
tion disappears, increase the fesdback
level still more, until you sense begin-
mung ocscillation again. Bemove the oscil-
lation by adjusting RS, Continue in this
way until you cannot get rid of any more
oscillation

My system has been stable up to 17dB
feedback, but it is not & good idea to take
it tor the limit. I suggest you experiment
with feedback around 7-124B, as higher
feedback levels tend to produce a sub-
somuc peak [around 10-15Hz),

You are oot through yvet, The whole
system will need some plaving to “burn
in" the suspensions of the driver, and the
temperature changes of the amplifier
need some time to seitle. Connect the
units to your system and use it exten-
sively for a week or bwo. After this
pericd you should readjust the drives
and replace the trimmer with the value
which gives the feedback level you
want.

SONIC MERITS. In Figs. ]2a-d you see
the results of my systems. both before
and after the modification. These speak
for themselves. Unfortunately [ do not
have a line writer, o | have plotted the
curves instead, but there were no peaks
which [ haven't plotted.

Measurement is one thing, sound an-
other. Two obhservations may be of in-
terest: Tt 15 striking how little recorded
information is present below 40Hz and
equally striking as to how much is sub-
jective. Adding bass units of this type is
like standing the music on its feet and
placing it firmly on the floor of the rooem.
Traditionally, the transient response of
feedback systems is their weak feature,
but to my ears this properly adjusted
system makes it very easy to distinguish,
for example, a low bass FUILEF moabe from
the bass drum. And it 15 this fendamen-
tal you hear, not the second harmonic
which we are 50 used to from pop re
cordings. But organ music is the genre
where this system really comes into its
1% EL.

The [y in the cintment?
prised at the amount o

Tou'll be sur-
VLF sarbaga
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FEEDBACK SYSTEM

continued from page 20

your records and turntables pour out.
Some records are not playable with this
system unless you include a steep LF-
garbage filter. But that is a very different
story. )
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