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Automatic Quality Testing of Loudspeaker Electroacoustic

Performance

by John R. Bareham, Briel & Kjaer

This Application Note is based on a paper presented at the Society for Automotive Engineers (SAE) International Congress
and Exposition in Detroit, Michigan, February 24th, 1986.
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In many loudspeaker factories,
skilled operators listen to hundreds of
loudspeakers daily to detect faults
such as rubbing voice coils, buzzing or
rattling, loose particles 1n the gap, and
some types of distortion. The opera-
tors may also look at an oscilloscope
screen to check frequency response
and/or polarity. The system works,
but there are several obvious disad-
vantages. A more rational and repeat-
able system can be developed using
automatic instrumentation for outgo-
ing or incoming quality testing.

The characteristics which describe
the electroacoustic performance of a
loudspeaker can be loosely divided
into two groups. The first group in-
cludes frequency response, sensitivity,
absolute polarity and 1mpedance.
There are several ways of measuring
each of these objective parameters,
but most are relatively straightfor-
ward. Once each of these parameters
1Is measured, little interpretation 1is
needed. With the exception of polari-

:‘_;.llmlts and autamatlcally yield 4 pPHss or':

'..'::cewed quality. Althfmgh pasa/faﬂ crite-

ty, these measured values can vary
both above and below the design stan-
dard. If they fall within manufactur-

1ng tolerances, the loudspeaker is ac-

ceptable.

The second group of characteristics
includes unwanted sounds such as
rubbing voice coils, buzzing or rat-
tling, loose particles in the gap, and
various other kinds of obviously audi-
ble distortion. It’s quite a challenge to
define measurable parameters which
correlate well with these subjective
characteristics.  Interpreting such
measurements and setting tolerances
is also difficult. Of course, a good
speaker would have none of the above
unwanted sounds, so a lower limit is
not necessary. But the upper limit de-
pends largely on audibility, which 1s
also subjective. Devising instrumented
tests for the above subjective charac-
teristics requires a good deal of experi-
mental work, both to define the useful
measurements as well as to set appro-
priate upper himits.

Measurement techniques used for
quality testing can be quite different
from measurements used in research
and development. The quality test
need only determine if the objective
characteristics of the unit under test
are sufficiently like the design stan-
dard and if unwanted subjective char-
acteristics are sufficiently low. Since
quality tests will be compared to the
design standard as a reference, abso-
lute measurements are not required.

As an example, consider the free-
field frequency response of the design
standard. The speaker may be mount-
ed on a baffle or in an enclosure, to
simulate actual use. The measurement
may be made in an anechoic room, or
it may be measured in an ordinary
room using simulated free-field tech-
niques.

In either case, the true free-field
frequency response will be measured.
On the testing line, however, the mea-
surements can be made much more
stmply, as long as the results are con-
sistent. The design standard is first
measured using the simple technique,
and then the units under test are com-
pared to it using exactly the same
technique. If they measure the same
in the simpler test set-up, then their
true free-field response is the same.

For most loudspeakers, a near-field
test set-up will be quite satisfactory.
The measuring microphone is placed
very close to the speaker, perhaps 127
from the front plane (Fig.1). The
speaker can be mounted on a small
baffle or even in a small sound isola-
tion box, although this is often unnec-
essary.
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Fig. 1. Near-field measurement set-up.
Open area, no baffle. Microphone 1s
~ 1”7 from front of speaker, on axis

There are several advantages to the
near-field set-up. It is very simple and
inexpensive. If the test jig is stable,
the measurements are quite repeat-



able. The sound level at the micro-
phone 1s quite high, so contamination
from background noise is minimized
(Kig. 2). As long as there are no hard
reflecting surfaces nearby, room re-
flections will also have little influence.
The path length from loudspeaker to
reflection to microphone 1s much long-
er than the 12” path from speaker to
microphone, so the relative level of the
reflection will be much lower.

Just as there are many specific
things that can go wrong with an auto-
mobile, there are many separate
things that can go wrong with a loud-
speaker. A dead battery or a flat tire
could each keep a car from moving,
but you have to look in two different
places to be sure there is no problem.
Low sensitivity or a rubbing voice coil
could each ruin a loudspeaker, but a
different test 1s required for each
fault. After reading the descriptions of
the several tests that follow, it should
be clear that a battery of tests 1s need-
ed to weed out unacceptable loud-
speakers.

The examples that follow are near-
field measurements made without baf-
fle or box. The loudspeakers are all
fairly conventional paper-cone elec-
trodynamic loudspeakers from 3”7 di-
ameter to 6”7 X 9” made by several dif-
ferent manufacturers. Some speakers
tested had whizzer cones, coaxially
mounted tweeters and/or dust covers.

The tolerance limits used in the fol-
lowing measurements of objective
characteristics such as frequency re-
sponse, sensitivity, polarity and 1m-
pedance are completely arbitrary; they
serve only to illustrate the technique.
However in measurements relating to
the subjective characteristics collec-
tively labeled “unwanted sounds”, the
tolerances were chosen experimentally
to suggest what 1s or 18 not audible, at
least to my ear.

Frequency response can be mea-
sured using sine, noise or impulse test
signals. The main appeal of using
noise or 1mpulse signals is that the
entire spectrum, or at least one de-
cade, can be measured at once, appar-
ently reducing measurement time.
However, once such factors as averag-
ing time, crest factor of the test signal
and signal-to-noise ratio are all taken
into account, the measuring time may
not be as short as first hoped. In the
measurements described here,
sinewave test signals were used, since
they are required for distortion and
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Fig. 2. Influence of factory noise on near-field loudspeaker measurement
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Fig. 3. Polarity test at selected frequency

other measurements to follow. An
adaptive sampling routine 1s used to
reduce measuring time at each test
point to an absolute minimum, while
maintaining a specified accuracy.

The near-field frequency response
measurement 1s shown in Kig. 4. The
frequency step size i1s 112 octave, or
approximately 6%. The tolerance
curve was made by taking a similar
measurement of an actual loudspeak-
er, reducing the data to 1/3 octave
points, and specifying a tolerance win-
dow of + x dB. Arbitrary tolerances
could have been entered instead, in
13 octaves.

From the same measurement, sensi-
tivity 1s calculated. In this case a user-
definable “weighting curve” i1s used to
select the measured levels at 315, 400
and 500 Hz. These levels are then
power averaged and displayved as
“loudness rating”. Note that an inde-
pendent tolerance has been placed on
this measure of sensitivity.

Polarity can be tested in many
ways, including DC voltage, impulse
or lissajou patterns on an oscilloscope.
In these tests the scheme of Fig. 3 i1s
used. It is basically a one-bit phase-
meter operating at a user-defined fre-
quency. l'his results in a simple, un-
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Fig. 4. Near-field frequency response, shown with tolerance mask.
“Loudness Rating” is sensitivity average of 315, 400 and

500 Hz

ambiguous measurement which 1s eas-
ily automated. It also allows the
possibility of performing separate po-
larity tests on each driver of a coaxial
or triaxial speaker, simply by selecting
the appropriate frequency for each
driver.

A complete measurement of the
magnitude and phase of a loudspeak-
er’s electrical impedance across its en-
tire frequency range 1s an important
measurement for R& D work. For
quality testing, it is usually sufficient
to measure the impedance magnitude
near resonance, or at one frequency
well above resonance where the 1m-
pedance is mostly resistive and varies
little with frequency. The measure-
ment can be performed in many ways,
but the simple method shown in Fig. 6
i1s used here, giving the results shown
in Fig. 5.
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Fig. 6. Impedance measurement using se-
ries resistor.
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400 Hz

A rubbing voice coil cannot be de-
tected from the loudspeaker’s fre-
quency response (Fig. 7). However if a
sinewave 1s applied to the speaker and
the acoustic output measured with a
spectrum analyzer, the difference be-
tween a good and a rubbing speaker is
clear (Fig.8). The part of the spec-
trum which clearly differentiates be-
tween good and bad loudspeakers 1s
typically from the 6 harmonic on up,
higher than one might ordinarily look.
The levels of these higher order har-
monics can be 10 to 30 dB greater in a
bad speaker than in a good one. How-
ever, these levels will usually be much
less than 2™ and 3™ order distortion.
Therefore, a simple measurement of
Total Harmonic Distortion (THD)
will not detect the flaw. The instru-
mentation must be able to select an
ensemble of high order harmonics,
and 1t must be able to measure them
at levels roughly 70 dB below the fun-
damental sinewave test tone.

Experiments with several loud-
speakers show that an ensemble of
harmonics somewhere between 6 and
22 usually correlate best to audibly
perceived rub. If the level of these har-
monics exceeds —60dB, the rub is
usually audible. However, both the
most sensitive harmonics and the tol-
erance level corresponding to audibil-
ity will vary from one speaker design
to the next. The test should therefore
be optimized experimentally for each
speaker type to be tested. In most
cases, one test frequency near reso-
nance 1s enough. This is suggested by
the falling trend in the curves of
Figs. 9 and 10, where the level of har-

monics 7-9 is plotted as a function of

Fig. 5. Electrical impedance magnitude in “dB ohms” (0dB = 11,
6dB = 28, 12dB = 4, etc.). “Loudness Rating” is |z| at

test frequency. This test 1s usually not
strongly sensitive to the actual level of
the applied test signal.

When a loudspeaker has a rattle,
whether the rattle is due to a loose
part or a cone defect, the spectrum is
similar to that of a rub. The threshold
of audibility is also similar, roughly
~-60 dB. However, in this case the rat-
tle usually occurs only at one frequen-
cy. Therefore the test tone must be
stepped through a wide enough range
to excite any potential rattles, and the
step size must be sufficiently small.
Figs. 10, 11 and 12 suggest that 1/12 oc-
tave steps will work, but 1/3 octave
steps will not. For the speakers shown,
and all others tested in the experi-
ment, a frequency range from reso-
nance to roughly 400 Hz was suffi-
cient. This may, of course, vary a little
with different speaker designs. The
rattle test is very sensitive to the test
level. The speaker should be driven at
the maximum permissible level to en-
sure exciting all potential rattles.

A loose particle 1n the gap of a loud-
speaker excited by a sinewave general-
ly produces a noise-like spectrum at
frequencies much higher than the test
tone (Figs. 13 and 14). The center fre-
quency of the particle spectrum seems
to depend on the speaker design, while
the level depends on the size (or num-
ber) of the particle. The threshold of
audibility again appears to be roughly
-60 dB, or even lower.

Figs. 15 and 16 show decreasing par-
ticle noise as the test frequency in-
creases. Since cone displacement de-
creases as frequency increases beyond

5
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Fig. 7. Frequency response curves fail to show why speaker A
sounds clear while speaker B has a noticeable rubbing sound

Fig. 8. Speaker A sounds clear. Most distortion is 2™ and 3™
harmonic. Speaker B has noticeable rubbing sound. Note
increased level of harmonics 9 and up, while 2" and 3¢
harmonics show little difference from A
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Fig. 9. Good speaker. Harmonics 7-9 less than —60 dB re funda-

mental (1/3 octave steps)

resonance, it is clear that maximum
particle noise occurs at maximum
cone displacement. Therefore, this
test can be performed at just one fre-
quency near resonance, but the level
should be as high as possible.

Figs. 11 and 12 suggest that it may
be possible to combine tests for rub

Fig. 10. Rubbing voice coil. Harmonics 7-9 well above —60 dB

(13 octave steps)

and buzz or rattle. However, 1t 1s usu-
ally not possible for such a combina-
tion test to reveal loose particles, since
that defect usually appears at a com-
pletely different part of the spectrum.

Harmonic distortion in a loudspeak-
er can be caused by two general kinds
of mechanisms. The basic motor struc-

ture, consisting of voice coil, magnet,
gap and suspension, can become non-
linear as cone displacement increases.
Misaligned suspensions can also cre-
ate distortion. These motor distor-
tions increase with cone displacement,
so they will be greatest at resonance
and decrease as frequency goes up

(Figs. 17, 18 and 19). Motor distortion
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Fig. 11. Rattle in speaker frame, plus rub. Same speaker as Fig. 10.
/12 octave step size and tuning filter for harmonics 11-22

reveal rattle as well as rub
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Fig. 13. Loudspeaker spectrum with noise-like peak near 6 kHz due
to barely audible loose particle in gap (test tone 80 Hz)
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Fig. 15. Good speaker. Harmonics 71-141 below —60 dB
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Fig. 12. Rattle in cone, plus rubbing voice

I/12 octave steps

cotl. Harmonics 11-22,
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Fig. 14. Obvrously audible loose particle (see Fig. 13)
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Fig. 18. Good speaker. 3 harmonic below —20dB at resonance,

below —34 dB mid-band
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Fig. 19. Excessive motor distortion. 18% 3™ harmonic distortion at

resonance, but ok elsewhere

can therefore be evaluated by testing
at resonance. Second and third har-
monic distortion can be measured sep-
arately, or THD will also work 1n this
case. The measured distortion 1s very
dependant on test level. At high test
levels, as much as 10% 2" and 3™
harmonic distortion may be tolerable
at resonance.

A second kind of distortion mecha-
nism includes various problems in the

cone and outer suspension. These dis-
tortions usually occur at frequencies
higcher than resonance, depending
quite a bit on the particular
Joudspeaker and the exact fault
(Figs. 20-23), and generally increase
with test level, though not always. De-
tection requires coverage of a range of
frequencies, perhaps 250 — 1000 Hz,
depending on the loudspeaker. For
these “cone distortions” levels in the
range of 2% can be plainly audible.

Fig. 20. Whistle-like cone distortion. 14%

2" harmonic at 800 Hz

All the tests described above can be
automated. The basic principle is
shown 1n Fig. 25. The filter selects ei-
ther the fundamental test frequency,
harmonics, or ensembles of harmonics.
This simple system can perform all
the tests described manually. In fact,
it is often valuable to use a manual
system to determine the exact test pa-
rameters to be used 1n testing a partic-
ular loudspeaker.
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Fig. 23. Same speaker as Fig. 22. 3" harmonic distortion 2% at Fig. 24. Statistical data from 10 test runs. Bold curve is mean, light
400 Hz upper and lower curves are one standard deviation

Loudspeaker
- Under Test

Sine

Me’.'a-'suring o Am'p.'i'iﬁ.é:r” Tunable
Generator BT

Microphone _Fiiter | Indicator

YAy

Fig. 25. Basic principle of loudspeaker test | | ST R e o | -
system N - | 860757




The fully automated system is
shown 1n Figs. 26 and 27. Control of
the system is by the Graphics Record-
er Type 2313 in the form of a plug-in
application package. The test designer
sets up the test sequence from the
front panel. The test operator starts
the test with a pushbutton or foot-
pedal. The test sequence is performed
automatically, the results compared
against previously defined limits, and

a pass or fail indication given. Print-
outs are available either automatically
or by front panel command. The mea-

surements in Figs. 4, 5, 9-12, 15-23
and 24 were produced by this system.

In addition to performing the actual
test, 1t 1s often useful to have a simple
statistical summary of measurements
made on a large number of devices.
Summaries such as shown in Fig. 24

are available for each sub-test in the
whole test sequence. They can be re-
quested from the front panel of the
2313 during or at the end of a long test
run. In this way it is possible to dis-
cover trends in failure rates due to
various faults.

A successful loudspeaker quality
test sequence will include many sepa-
rate tests. However, each situation will
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Type 4133 with
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Fig. 26. Block diagram of automated loudspeaker test system

| | - . Nor'ma_l_iz'e_d' ] Ha -r'mo-nib's | | |
Width Step Channels Center | ) :in. : Residual A .Iica-tion :
(Octaves) Size - Offset Frequency | .. o Pistortion PP S
o | - S i .- -1 Passband ST -
1/3 1/3 0 1 1 0 dB Noise rejection
1/ /3 or /12 0 1 1 0 dB Noise rejection
1/3 1/3 3 2 2 -50 dB 2"Y Harmonic Distortion
/3 1/3 5 3 3 —-65 dB 39 Harmonic Distortion
1/1 1/3 4 2.5 2+ 3 -30 dB “Pseudo” THD
1/3 /3 9 8 -9 —7/5 dB” Rub + Buzz
s /3 or /12 9 3 6-11 —-63 dB Rub + Buzz
A /3 0or 1/12 12 16 11-22 —7/5 dB” Rub + Buzz + Rattle
/1 /3 or /12 20 100 71 -141 -75 dB”* L oose particles

* Approximate

Table 1. Use of filters tn Type 9573 Transducer Test System
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ht include measurements of

500 Hz)

1. Sensitivity (average of 315, 400,
2. Polarity (400 Hz)

mig

3. Impedance (400 Hz)
4. Rub (at resonance}

5. Loose particles (at resonance)

6. 27 harmonic distortion (at reso-

nance)
7. 3™ harmonic distortion (at reso-

m——

PRk g

nance)

The above screening test can be per-
formed in about five seconds by the

system 1n Fig. 26.
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A more thorough test appropriate
for every-unit testing of premium

Fig. 27. Transducer Test System Type 9573

of standard products might include
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8. 3™ harmonic distortion (at reso-
nance, and 250-1000 Hz)

or 112 octave steps)
2. Sensitivity {(calculated from 1.)

1. Frequency response (full range, 1/3
3. Polarity (at selected frequency)
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The more complete test will take
longer, perhaps from 30-60 seconds if

4. Impedance (near resonance, and at

all tests are conducted over the entire

test parameters should be optimized

400 Hz)
5. Rub (at resonance)

for each individual loudspeaker design
to be tested, but the general guidelines

range of the loudspeaker. But if the
range of some tests is reduced as sug-

6. Loose particles (at resonance)

here are a good place to start.

glven

gested above, test time can be reduced

7 984 harmonic distortion (at reso-

icantly.

f

signi

nance, and 250-1000 Hz)
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