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Lowering A Loudspeaker’'s
Mechanical Noise Floor, Part 2

Discover how reducing panel vibrations will improve the sound of your system.

By Mark Sanfilipo

n Part I I looked at the maths and
theory underpinning the mechanics
of panel vibration. Here in Part II,
T'll take an empirical look at panel
vibration, investigating with both ac-
celerometer and microphone. The me-
chanical and acoustical performance of
a loudspeaker cabinet’s panel will be as-

sessed at various stages of construction,
will function as a constraining layer.
. Whether this is actually desirable or
. not can only be determined by further

with an eye to noting any improvements
along the way. This report will conclude
with a simple before/after comparison
of the acoustical output of one of the test
cabinet’s panels, followed by a subjective
assessment of the system’s performance.

DAMPING

There are two modes of mechanical
damping commonly employed in loud-
speaker construction: extensional and
shearing.

In extensional mode (free substrate '

layer) a second, viscoelastic material

from, in this case, a vibrating plywood

panel substrate, converting it into heat :

FIGURE 1: Extensional mode.
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(Fig. 1). The effectiveness of this ap-
proach depends upon the degree of
panel flexure as well as the mechani-
cal and physical properties of both the
damping and substrate layers. Addi-
tionally, it’s useful to know the mechan-
ical properties of the adhesive used: if
the mechanical impedance of the adhe-
sive is low enough, the damping pad

measurement.

Shearing mode (constrained layer
damping), as seen in Fig. 2, is an alter- :
nate approach in which a vibrating
panel is constrained by a second panel
of sufficiently high mechanical imped- '
ance. In this mode, the two panels—one
vibrating, the other constraining—are
. joined by an adhesive viscoelastic
damping layer. Energy is dissipated :
through tensional forces of sheer defor- |
absorbs kinetic (vibrational) energy

A PHOTO 1: Sample test rig (courtesy BBC).

mation. Intuitively, it might appear the
thicker the adhesive damping layer, the
more damping. In practice, however,
the opposite holds true: the thinner the
layer, the more effective constrained
layer damping (CLD).

So which method is best? In my ex-

FIGURE 2: Shearing mode.
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perience (and all else being equal) CLD

has generally provided for a higher de- :
gree of panel damping when compared
to extensional mode damping, as ap-
plied to plywood cabinets constructed :

for mid-bass or even LF purposes. How-
ever, it’s more costly and less forgiving
regarding the selection of the appropri-
ate materials. If your budget allows
for it, I recommend you experiment
with both approaches. If your budget
is tight, stick with the less expensive,
non-CLD approach, which works well,
as you'll see.

TEST RIG

In order to investigate the vibration- E

damping effectiveness of various mate-
rials, I built a test rig that allowed for
quick, repeatable measurements of var-
ious, commonly available North Ameri-
can plywood panel samples along with
various common, commercial damping
materials. Similar in appearance to
that shown in Photo 1, the rig included

two solid, heavy mount points to which :
the rectangular-shaped panel samples

were clamped at each end.

The panel samples were set in mo- :

tion by the impact of a 100 gram disk-
shaped weight, dropped from a height
of 30cm. The test panels were angled
45° along their long axis. In doing so,
the disk, when dropped on its edge,
would impact, then fly off the panel,
coming to rest off the panel, thus not
interfering with the post-impact vi-

brational behavior of the individual

wood samples.

Working up a series of before/after

comparisons, as seen in Figs. 3 and 4,
didn’t require absolute measurement
values; therefore, using an uncalibrat-
ed accelerometer is a valid approach.
I could have used a calibrated acceler-
ometer but chose instead to experiment
with an inexpensive accelerometer I'd
seen mentioned in both online forums
and print media.

The Measurement Specialties ACH-
01 worked quite well, and the +3dB
2Hz-20kHz typical amplitude re- :

sponse, along with a +150g dynamic
range, made it a very cost-effective,
suitable choice. It’s available through
retailers such as Digi-Key and makes
for a worthwhile addition to any DIY
audioholic’s toolkit.

FIGURE 3: Plain board vs. damping material, lightly placed.
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The wood I chose for this project
from the half-dozen test sample candi-

; dates was 19mm (.75") thick, void-free
. Baltic birch. I frequently use this (or
© its marine-grade derivative) and have
- found it to be a consistently top-quality

engineered wood product (Photo 2).

The damping material used in this
case was a multi-ply “panel” built up
from heavy, self-adhering roofing ma-
terial, which, sold in long rolls, you
can easily cut to fit as needed (Photo
3). Multiply the amount shown by 5.5

to get an idea of the total amount used

in the construction of both cabinets.

The half-dozen plywood test sam-

ples used were (free length) approx-
imately 70cm (27.6") long and just

. over 12cm (4.7") wide. I chose the
free length as being a reasonable
' approximation of a typical loud-
: speaker cabinet’s panel height. I

chose the width to keep mechani-
cal impedance low and to minimize
transverse resonance modes. The

results of the test series shown in :
Figs. 3 and 4 are taken from the Bal-

tic birch test sample.

ACCELEROMETER RESULTS

Whether you use an inexpensive ac-
celerometer, such as the ACH-01, or a
more expensive calibrated accelerom-
eter, a few caveats are in order. First,

; due to the sensitivity of accelerometers
suitable for measuring loudspeaker
© panel vibration, it’s easy for extrane-
ous vibrational noise from nearby fans, :

FIGURE 5: Vibrational panel responses.

motors, traffic, and so on, to creep into
your measurements. Second, be consis-

: tent in your choice of base or support

for your cabinet under test. Measure

: your cabinet while it rests on, for exam-

ple, the concrete floor of a garage. Then
re-measure it with the cabinet perched
on top of a wooden workbench. This
will produce different results, invalidat-
ing even comparisons based on relative
amplitude measurements.

PHOTO 2: Sample Baltic birch panels.
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On the left-hand side of Fig. 3, you :
see the amplitude response generated
by the accelerometer fixed to the un-
damped panel sample. On the right-
hand side is the response of the same

sample but with the damping mate-
rial lightly affixed to the panel. (Both
impulse responses are on the same
amplitude/time scale.) Already a sig-
nificant difference is evident. Clearly,
the plywood panel, when damped, set-
tles much more quickly than when un-
damped.

The damped response in Fig. 7 re-
sulted when the damping material was :
directly adhered to the plywood test
sample. In Fig. 4, you can see an im- 5

proved settling time when comparing
the damped amplitude response with
that in Fig. 3. Clearly, adhering each
layer to its neighbor, then adhering the
multi-ply damping panel directly to the
plywood test sample is preferable.

It’s tempting to think that when it
comes to the application of a damping

material, the more the better. However, :
there exists a point of diminishing re-
turns, where more is not better. From

an empirical standpoint, building a
damping pad of the particular material
used in this project one-half to three-
fourths the thickness of the plywood
panel substrate is a good starting point
when setting out to determine optimal
thickness.

BRACING

After I assessed the effectiveness of the
free-layer damping approach, it was

time to build the test enclosures.

I designed the enclosure to have four A

solid cross braces, oriented horizon-
tally, fixed to the interior side of the
cabinet’s side and back panels, with
the front edge close to, but not touch-
ing, the inside of the faceplate. An FEA
simulation done prior to construction
indicated four cross braces would pro-
duce acceptable results.

To gauge the effectiveness of the
bracing and damping approaches, I
made a series of measurements at dif- :

ferent points in the construction pro-
cess using the ACH-01 accelerometer,
along with a calibrated microphone for
capturing acoustic measurements, use-
ful in subsequent analysis. The enclo-
sure sported double-thickness (38mm)
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ACO Pacific Microphones will!
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FIGURE 6: Before/after sweep results.

i sides and back being single thickness
(19mm) panels. Photo 4 shows one of
the enclosures midway through con-
. struction.
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front, top, and bottom panels, with the

In addition to the four horizontal,
shelf-style braces, the front panel was
cross-braced as well, with a thin shelf
style 5" brace running from the inside
center point of the faceplate to the back
of the enclosure. The use of extensive
bracing and damping added to the al-
ready substantial weight of the cabi-
nets. The completed enclosures weighed
over 100kg (220 lbs) each!

In Fig. 5 you can see an heroically

busy collection of plots, each sweep in-
. dicating the vibrational behavior of the
panel to which the accelerometer had
* been affixed (the center of the left or

top panel in Photo 4) at various stages
of construction. You can see the net
before/after result of all the bracing,
damping, and stuffing in Fig. 6.

In Fig. 6, note a general downward
shift in amplitude, accompanied by an
upward shift in frequency when com-
paring the “after” curve with the “be-
fore” curve. Keep in mind these are

| - not dB SPL curves, but the relative re-
. sponse of an accelerometer responding
to the cabinet panel’s acceleration at
each frequency along the sweep.

Figure 7 is the “before” and “after” vi-
brational response to impulse stimula-
tion. In this particular graph, “before”
is the response plotted on the right, the
“after” plotted on the left. The improve-
ment in settling is striking.

Thus far, you've seen what the ac-
celerometer has had to say. To see what
the microphone had to say, I employed
the noble knuckle-rap test. I removed
the accelerometer, rapped away at the

. spot formerly occupied by it, with mi-
crophone positioned nearby. In Fig.
. 8, the “before” curve (top) presents a
generally higher relative amplitude re-

sponse than the “after” curve (bottom).
The difference, however, sounded much
greater than it appears here.

Figures 9 and 10 are the time-domain
versions of the data presented in Fig. 8.

CLOSING COMMENTS

Measurement indicated that the vari-
ous readings taken to reduce panel vi-
bration were effective in lowering the



mechanical noise floor of the system. :
However, objective assessment tells
only part of the story, and subjective :
assessment is required to complete a
picture of any system’s performance. :

Photo 5 shows the test system.

Though the cabinets are attractive
in their unfinished state, with an ap-
pearance reminiscent of, for example,
some of Axiom’s current line of prod-
ucts, they will eventually have a finish

ABOUT THE
KEF B139 DRIVERS

| first became acquainted with KEF
B139 drivers back in the late 1970s.
In those days | was working in a
recording studio “programming” a
Moog synthesizer. (“Programming”
back then meant plugging the
Moog's patch panels full of patch
cords.) | remember carrying around
a three-ring binder full of preferred
patches. Ancient history!

The synthesizer fed its output, via
a Dynaco power amp, into a pair of
IMF transmission-line loudspeakers
that used the B-139 as the woofer.
The bass those things could crank!
My teenage ears were impressed.

Outside of live music situations,
| had never heard such low bass at
such volumes. (Remember, we're
talking late ‘70s here; monster subs
were not as commonly available as
they are today.) Years later | would
see B139s used in Wilson Audio’s
$100k + US WAMM loudspeaker
system.

Over the years | acquired half a
dozen of the units for my driver col-
lection. | used them mainly for re-
search purposes. Because they had
just been lying around gathering
dust, when it came time to design a
general-use system for the house, it
was a no-brainer to design the mid-
bass modules for the system around
them.

Though technology has certainly
provided for many substantial advanc-
es in driver quality since the B139s
were first introduced over 30 years
ago, there are some things they do
well to this day.
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applied. The choice of finish, though, is

for increasing WAF or SAF.
I conducted two listening tests, each

lasting about an hour, using a variety

of material with which I and four other
listeners were very familiar. The up-
stream test gear used in both instances
was the same (Hafler DH-500 power
amp, and so on).

At the conclusion of both tests, re- :

sults were tabulated. From the raw
data collected, I threw out everything
people thought they heard. Due to the

PHOTO 4: Sample enclosure being constructed.
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very informal, unscientific nature of
left to my wife—an effective approach

the test trials, I was interested only in
certainties. I also discarded data for

which no consensus could be reached.

In the end a few things did emerge.
First, resolution of low-level detail
was dramatically improved. This was

i not some at-the-fringe, barely discern-

ible effect; it was a substantial improve-
ment. On this point, all listeners were
unanimous. I heard things in record-
ings I have listened to for decades that
I had not heard before.

Second, overall mid-bass clarity

PHOTO 5: Nearly completed cabinets, with the author’s 7-year-old daughter,
JB, standing beside cabinets for a sense of scale.

| BB
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improved, resulting in, among other
things, improved sound staging. Indi-
vidual instruments, such as cellos in
classical recordings were now discern-

. ible as individual instruments, where

before they tended to sound more like
massed string choruses, made up of
not clearly identifiable individuals. The
tonal differences between different
pianos, such as Steinway, Yamaha,
Bliithner, and so on, was now clearly
discernible.

It appeared that the “before” mechan-
ical noise floor had imparted a euphonic
sameness to everything played through
the system. Now that “sameness” had
been largely, though not entirely, elim-

inated. Overall, the system’s presen-
' tation had become more realistic and

musical, resulting in a more satisfying
listening experience. Not bad when you
consider how old a technology the KEF
B139 drivers represent. X
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