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SHOULD YOU DOWNLOAD
YOUR WOOFER?

ome audio systems include a woofer
pointing toward the floor. This tech-
nique is sometimes referred to as
downloading or downfiring the speaker,
Listeners describe the sound of these sys-
tems in glowing terms, as if there were an
inherent advantage to mounting a woofer in
this way. They fail to specify, however, what
this advantage is.
After considering this subject, I realized
that [ had many questions:
e Can this design technique offer better
bass with a given woofer?
e Is a downfiring woofer really a selling
point?
What are its disadvantages?
How far above the floor should I raise the
bottom of the enclosure?
e Will a carpeted surface have an effect on
its performance?
I decided to perform some simple tests to
answer these questions.

DOWNLOADED SYSTEM
Figure I shows a traditional, or standard,
system with the woofer oriented vertically
and affixed to a panel. Figure 2 shows a
woofer mounted facing down, or down-
loaded, and the enclosure supported by non-
specific “feet,” separating it from the floor.
Figure 3 shows the same downloaded sys-
tem on a carpeted surface, to see what effect
this might have on a system’s performance.

In these illustrations, the enclosure is a
simple sealed box, but in practice, the hori-
zontal orientation is used in sealed, vented,
and other systems. Although the measure-
ments presented here are outside the discus-
sion of primary loading methods (sealed ver-
sus ported, for example), we will see that
positioning a woofer downward can affect
your choice of enclosure type.

Three effects of downloading a woofer
are: (1) an apparent change in the moving

ABOUT THE AUTHOR

Andy Lewis lives in Englewaod, CO, with his wife Lori
and two sons, Corey and Collin. He learned some
physics at Hastings College, plays drums professionally
in the Denver area, and has a consequent interest in
bass qguitar speakers. He can be reached by E-mail at
Dadbag @aol.com.
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mass of the cone assembly, (2) a change in
the damping characteristics (Q) of the driver,
and (3) displacement of the cone assembly
due to the force of gravity on the cone mass.
While there may be other changes in perfor-
mance, these three effects lend themselves to
easy analysis.

MASS AND DAMPING

When a woofer “fires” into a restricted air
space, as in the throat of a horn or in a down-
loaded system, the result is what horn theo-
rists refer to as a “high pressure-low veloci-
ty” situation. This is a fancy way of saying
that the air in the vicinity of the cone is mov-
ing (wind), instead of merely acting as a
medium for traveling waves (sound). As a
pressure front travels the length of a horn, of
course, it undergoes a gradual transformation
to a high velocity-low pressure condition, or
sound wave.

In a downloaded system, no provision
exists for this gradual transformation from
moving air to sound wave. Instead. it is
abrupt and unpredictable. We do know,
however, that air has mass, which, when
moving in conjunction with the speaker’s
cone, could have the effect of increasing the
apparent moving mass of the driver. Horn
designers, in fact, often calculate the volume
of the air chamber behind their diaphragm
expressly to compensate for the added air
mass being “dragged” by the cone.! In a sim-
ple downloaded system, I had expected the
result of this added mass to be insignificant,
but this was not the case.

Also, as the speaker pushes air back and

forth between the bottom of the downloaded -

system and the floor, energy is lost to fric-
tion. Frictional energy losses (damping) in
the driver are expressed as Q, ;. and Qg for
electrical damping. You would expect this
new loss, when added to the soup, to cause a
lowered Q. which would in turn lower
Qqg- A carpeted surface under the speaker
might tend to increase this loss and lower
Qps still further.

SETUP

I figured that information about changes in
mass and damping would be easy to express
in numbers. I chose to measure the effects on

the driver itself, and once | quantified =g
expressed the effects as a change in the p&
rameters of the driver, then extending them
to a finished downloaded system wosls
become no more difficult than in a verncals
oriented system. You could simply wse these

|

FIGURE |: Standard vertical configuratios

=

FIGURE 2: Downloaded (horizontz'

system.

FIGURE 3: Downloaded system over ca=
peted surface.




amended driver parameters and proceed with
a design in the usual way.

Since each design has its own problems,
the changes in effective driver parameters
would provide an easy way to extend the
results into your finished system.
Consequently, I chose to measure without
an enclosure. I simply mounted a speaker to
a baffle, oriented the baffle in different
ways, and performed measurements in each
position,

I chose an old Electro-Voice 12” woofer
had pulled from an ancient Knight 3-way
system. It has a fairly low-moving mass
(41gm) and a fairly high Q. (in excess of
.5). These characteristics would make any
changes in damping and effective mass more
apparent as [ made my measurements, as the
effects of downloading the speaker would
have a larger effect relative to the speaker’s
inherent mass and damping. A woofer with
high-moving mass or a very low Q¢ would
be less affected on a relative basis than this
somewhat underdamped woofer with its low
moving mass.

I mounted the woofer in the center of a
piece of 34" particleboard scrap, about 20" x
30” (Photo 1). 1 soldered a length of zip cord
to the terminals, so I could then make my
measurements at the end of the zip cord,
rather than at the speaker terminals them-
selves. This would allow me to move the
speaker/baffle assembly to different posi-
tions as I made the different measurements
without adding any wire. Any measurements
of Q made with my fixed length of zip cord
would reflect the presence of this wire in the

PHOTO 2: Test setup using bricks.

circuit, but the results would be reliable for
purposes of comparison.

I could then orient this speaker/baffle
assembly in different ways to measure the
effects of downloading the woofer. With the
speaker placed in different positions, I could
isolate the effects of downloading the speak-
er as | measured the Q and resonance of the
woofer.

TESTS
I performed tests with the speaker/baffle
assembly in six different positions:

1. With the baffle standing vertically, as in
a standard system (Photo 1). This would be
the control, against which I would compare
other scenarios.

2. With the baffle suspended woofer-
down on bricks placed on their sides, one at
each corner, with the baffle about 312" above
a concrete surface, This is the first down-
loaded scenario.

3. With the baffle suspended woofer-
down on bricks lying flat, one at each corner,
with the baffle about 24" above a concrete
surface (Photo 2). This is the second down-
loaded scenario.

4. With the baffle suspended woofer-
down on 2” x 2” blocks, one at each corner,

with the baffle about 1%2” above a concrete
surface (Photo 3). This is a more extreme
downloaded scenario.

5. With the baffle suspended woofer-
down on 2" x 2” blocks, one at each corner,
with the baffle about %" above a 2" thick
carpeted surface (Photo 4).

6. With the speaker oriented vertically,
but with a mass of modeling clay added to
the cone’s moving mass, to simulate a mass
of moving air, and as a consequence remove
frictional loss. This is explained in greater
detail below.

These first four positions measure the
increasing effects as the baffle is lowered
toward the floor. As the tests were run, I
hoped a pattern might emerge that would
provide a “feel” for what to expect from the
downloading technique.

In each of the six positions, 1 connected a
standard impedance-measuring setup and
measured the damping (Qs) and resonance
frequencies (fg). The resonant frequency, of
course, is the frequency of maximum imped-
ance in the bass region. Qyq, Qpg, and Q¢
figures are derived from impedances mea-
sured at several frequencies. I use the stan-
dard derivation found in most popular texts.

While these tests give us a generalized
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idea of the effects of downloading, it is
important to realize that they should be per-
formed with a setup that more closely
approximates the finished system (with a
more realistic baffle size and an enclosure).
Otherwise, unpredictable results could occur.

RESULTS AND INTERPRETATION

Table I shows the measurement results.
Please note that column 8, “EBP,” lists the
calculated “Efficiency Bandwidth Product,”
which is simply the ratio of fg to Qg, for the
speaker in each position. This refers to the
popular, and very concise, method for evalu-
ating whether a speaker is better-suited for a
sealed or vented enclosure.? A rule of thumb
states that an EBP around 50 indicates the
driver will probably be better-suited to a
sealed enclosure, while a value of 100 places
the speaker in a vented system.

Interestingly, the change in resonance as
the baffle is lowered toward the floor is dra-
matic. For example, going from 38.3Hz to
33.2Hz represents a change of about 13%!
We know that the compliance of the
woofer’s suspension is unchanged, so the
change in resonance must be due to the mass
of the air in the vicinity of the cone, as it
moves with the cone. We can, in turn, calcu-
late the mass of this air for each test scenario.

An accepted test exists for determining
the compliance and moving mass of a driver.
When a known mass (such as a lump of
modeling clay) is artificially added to a
speaker’s cone, the resonance is obviously
lowered. The amount by which the frequen-
cy of resonance changes reveals the speak-
er's inherent moving mass. If we already
know the cone’s actual mass, however, we
can determine the mass added to the cone.

ADDED MASS

A woofer's moving mass, the change in res-
onance, the speaker’s original resonance, and
the known mass of the clay (or air, in this
case) are related by the following equation®;

My =M’ /[(ts/ )21 1 (1)

where:
Myo= the woofer's moving mass
M’ = added test mass of clay (air)
fs  =speakers natural resonance
f" =lowered resonance with test mass
added.

If we know the speaker’s true moving
mass, we can determine the mass of the
moving air:

M = Myo % [([fs/ tsTD) = 1] @
where:
M’ = the effective mass of air moving with
the cone.
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PHOTO 4: Testing the effects of a carpeted surface.

I made these calculations for each of the
downloaded test scenarios, using an M, of
41gm and the relevant quantities in Table 1,
and entered in column 7 the apparent mass
that has been added to the cone in each case.
As the enclosure is lowered toward the floor,
the amount of air under the baffle decreases,
but the amount of air which apparently
moves with the cone increases! I was sur-
prised by the amount the speaker’s reso-
nance changed in these tests.

When referring to masses of air, I find it
interesting to consider the actual physical
volume of the air in question. How much air
represents a gram of mass? A typical figure
for the density of air at sea level is 1.29 x
10~} gm/cm?. The volume of a gram of air,
then, would be the inverse of this figure, or
775. A gram of air occupies about 775¢m? of
space, or about three quarters of a liter!?

Within the context of this downloaded
setup, this allows us to calculate, more or
less, the volume of air under the speaker
actually moving with the speaker’s cone. If
we multiply the mass of the air moving with
the cone (6.99gm, column 7, 244" bricks) by
the volume per mass (775cm?/gm), we get a
figure of 5417cm?, effectively about 5.4
liters of moving air.

Q AND DAMPING

With regard to damping (Qs), I expected to
see a clear decrease in the figures for Q¢ as
the woofer was lowered. The extra friction
should tend to lower the Q, of the driver as
the air is pushed and pulled through the
restricted air space. As a general rule, when
friction goes up, Q goes down! As Qg
decreases, Qg decreases as well.

The test results, however, seem to contra-
dict my expectations. Column 4 shows that
unless carpet is added under the system to
increase friction, the relationship between
downloading and Q, is unclear at best. In
fact, the Qg figures in the vertically orient-
ed system and the very low (1'2") example
change only from 5.70 to 5.71. The interim
examples seem to gyrate somewhat, and no
clear pattern occurs.

As friction is increased with the addition
of a carpeted surface, Qs decreases when
compared to scenario 4. From earlier experi-
ments, I noticed that adding mass to a speak-
er’s cone generally has the effect of raising
both the Q¢ and QHS of a driver. Could it
be that the Q,;s-lowering tendency of the air
friction was being overwhelmed by the
Qyg-raising effect of the additional moving
mass of the air?

TABLE 1
MASS AND Q TEST DATA
TEST#  ORIENTATION Fs(H2) Qs Qg Qrs Gy AR EBP
1 Vertical 33 570 0651 0584 N/A 588
2 On 314" bricks 373 590 0676 0607 223 55.2
3 On 214" bricks 354 577 068 0611 6.99 518
4 On 1% blocks U5 571 0738 0653 953 467
5 11" blocks, capet 332 511 0749 0654 1356 43
6 Added mass verical 344 609 0753 0670 N/A 457
TABLE 2
AIR LOADING VS. ADDED MASS
TEST# ORIENTATION Fs(H2) Qg Qg Qg GugAIR  EBP
4 On 11" blocks U5 571 0738 0653 953 467
6 Added mass vertical 344 609 0753 0670  NA 457
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ANOTHER TEST
This apparent conflict between two opposing
consequences of downloading the woofer

= suggested the last test scenario, in which the

woofer is oriented vertically, but with extra
mass added to the cone to simulate a mass of
moving air. By artificially lowering the
effective fg to the point of resonance in the
downloaded example. you can effectively
remove the frictional loss and measure the
effects of added mass independently of the
air friction.

Because the speaker is not firing into a
restricted air space in this added-mass test,
the friction of creating wind under the baf-
fle is removed. Additionally, if you used a
test mass similar to one of the previous
downloaded examples, this added-mass test
could isolate any Q,,s-decreasing effect of
air friction associated with the woofer’s
downloading itself. I chose the third down-
loaded setup (#4) to simulate in this fash-
ion. I simply added the modeling clay to the
cone to decrease the resonant frequency to
the desired point and to simulate the mass
of the added air in the equivalent down-
loaded setup.

With the speaker oriented vertically and
the correct mass added to the cone, I per-
formed the (#6) test (Table 2). The #4 and #6
figures for fg don’t quite match, due to the

limitations of the accuracy of my work and
equipment. A difference between 34.4Hz
and 34.5Hz is probably less than my mea-
surement error itself, and I chose to ignore it.

But, when you compare the results of
these two tests, the frictional loss in test #4
does appear to lower Qg substantially.
When the frictional loss is removed, as in
test #6, Qs is increased from 5.71 to 6.09.
In the downloaded system, with the loss in
place, Qqg is decreased from .670 in test #6
to .653 in test #4. I characterize this change
as substantial. Apparently, the frictional
loss associated with downloading itself is
significant; however, it tends to be obscured
by the more influential effect of an increase
in effective moving mass, resulting in a
general increase in Qg when a woofer is
downloaded.

EFFECT OF DISPLACEMENT

A woofer in its position of equilibrium, or
zero excursion, in a standard vertical orienta-
tion (Fig. 4) normally is manufactured with
its voice coil centered in the magnetic gap
(note the position of the voice coil as indicat-
ed by the arrow). One effect of mounting the
speaker face-down (or face-up) is that the
earth’s gravitational field exerts a force on
the moving system of the unit, which tends
to pull the voice coil out of its centered posi-

following models:

Manufacturer | Model
B&C DE-16
DE-45
DE-75
Electro Voice | DH-1A
NDYM-1
Radian 450, 455
4450, 4455
735, 750
4735, 4750
Eminence 1" exit

& FerroScund
The Solution Is Loud And Clear"

FerraSound ferrofluid retrofit kits for tweeter, midrange and compres-
sion drivers are now available through the Parts Express catalog. The
generic tweeter kit contains a low viscosity ferrofluid in sufficient
quantity for most 1” and smaller dome tweeters. Application specific
kits for popular professional compression drivers are available for the

Parts Express Customer Service

1-800-338-0531

CALL TOLL
FREE

Parts
XPress"
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FIGURE 4: Voice coil centered in gap in
vertically oriented mounting.

b

FIGURE 5: Voice coil pulled from center
position when mounted horizontally.

tion. Figure 5 shows a driver face-down,
with the inset showing the voice coil slightly
displaced from center (arrow).

The magnetic field of the speaker’s mag-
net is concentrated in the magnetic gap. The
turns of wire that make up the voice coil are
immersed in this field. As electrical current
passes through the voice coil, the magnetic
field exerts a force on each turn of wire. The
equation describing the force on a conductor
in a magnetic field is:

F =Bli (3)
where:
F = force on the conductor
B = magnetic field strength
| =length of the conductor immersed in the
magnetic field
i =electrical current in the conductor

You can see from this equation that when
Bl remains constant, force is proportional to
current. The length of the conductor in the
field, in the special case of a loudspeaker, is
equal to the length of each turn of wire times
the number of turns in the gap. As long as
the number of turns remains constant, the
“Bl product” will be a constant as well, and
the speaker will work as it should, with force
on the voice coil in direct proportion to cur-
rent through the wire voice coil.

In extreme situations, when a speaker is
required to reproduce signals with long
woofer excursions, a voice coil will some-
times move far enough to exceed the length
of the windings. This over-excursion causes



the number of turns of wire in the gap to be
reduced from that when the driver is in its
equilibrium position (Fig. 5). When this hap-
pens, the Bl product is reduced, because as
the number of actual turns decreases when
excursion is long, the effective length of wire
in the field decreases.

As the BI product decreases, the force on
the voice coil is no longer in direct propor-
tion to input current, and the performance of
the motor is nonlinear, i.e., distortion or
breakup occurs. The X,y parameter
describes one-way linear excursion limit.

Small and others* have described “dis-
placement-limited power handling” in terms
of the volume of air displaced at maximum
linear excursion: -

P = fa* % Vp2/(3 % 108) (4)

where:
P = displacement-limited power hafidiing
Vp = volume of air displaced at maximum
linear excursion

f; =3dB down point
In turn,

Vo =Xuax*Ssp ©)
where:

Xyyax = maximum linear excursion
Sgp =cone area

Consequently,
Pag = b5 X (Xyux % Sep)2/ (B 108 (6)

Actual displacement-limited power han-
dling is proportional to the square of
Xyax: $0 any reduction in Xy, will have
a disproportionate effect on actual system
power handling. As gravity exerts a force
on the speaker’s moving assembly, and the
voice coil is in turn displaced from its cen-
tered position, power handling can be
reduced.

POWER-HANDLING REDUCTION
Gravity’s force on a speaker’s moving
assembly is equal to the mass of the moving
system times the acceleration due to the
earth’s gravitational field:

Fuo =Myp*9 @
where:
Fup = force on the moving system in
dynes
My = the speaker's moving mass in
grams
g = acceleration due to the earth's
gravity

=9.80 m/s? = 9.80 x 102 dyn/gm
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applications. It will deliver years of exacting audio performance, that
gefs you closer to the “being there” experience.
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formance in a package that's modestly priced.
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ductor, fabricated from hyper-

pure silver.

The ground plane is comprised
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L]

-
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2752 S 1900 W e Ogden Utah 84401
801-621-5530 * Fax 801-627-6980

www.kimber.com
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Displacement due to gravity then will be
equal to the downward force on the cone
times the compliance of the speaker’s sus-
pension:

TABLE 3

POWER-HANDLING REDUCTION IN SEVERAL DRIVERS

DRIVER Myp Fup Cus Cys DISP Xpax me’ Pm'fP,_R
Dg =Fyp*Cys (8) (gm)  (dyn) (m/N) (cm/dyn) (cm) (cm) (cm)
Audax
T HMIOOXO 323 31654 00025 000000225 00071 023 02229 0939
D, =displacement du ity i Peariess
S i gresvay i o 1599 {22 1196 000015 000000015 00018 03 02982 0988
Cyys = speaker compliance in cm/dyn Eion -
) 11-580 23 22540 0.000094 0.000000094  0.0021 0.4 03979  0.989
Amended Xy, would then be equal to 5 4.0
the original linear excursion minus displace-  PR300MO 33 92340 0.000264 0000000264  0.0085 044 04315 0962
ment due to gravity. Dynaudio
30 W-100 352 34496 0.000121 0.000000121 0.0042 08 0.7958 0.990
Xoray' =Xuay —D (9)  Madisound
MAX = Max
@ 12204 106 103880 0.00000048 0.0499 0.6 0.5501 0.841
where: Audax :
XMMf - amended linear excursion limit PRS?OMO 115 112700 0.000062 0.000000062  0.0070 0.38 03730 0.964
Madisound
15254 160 156800 0.00000048 0.0753 0.55 04747 0745

Since displacement-limited power han-
dling is proportional to the square of X, .
the factor relating vertical and downloaded
power-handling figures will be equal to the
square of the ratio of the two:

Using these equations, along with a speak-
er’s mass and compliance data, you can then
see what effect gravity can have on power
handling in a downloaded system. Without

In the event you need to determine your
own figures, here is the simple mathematical
relationship between mass, compliance, and
resonant frequency:

PAH‘J’PAH:(XMAX’EXW)E (10)  linear-excursion data (X,,,) for my old ‘
Electro-Voice, I used the manufacturer’s fo=1/2x7x (Myp X Cye)”] (11)
where: data for several drivers to calculate the antic-

P g’ = amended displacement-
limited power handling.

ipated loss in linear excursion and displace-
ment-limited power handling (Table 3).

You can derive compliance from figures
provided for resonance and moving mass:
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Cus =1/[@% xfgl? x Myyp] (12)

Make sure you use consistent units. For
example, in Table 31 converted m/N in col-
umn 4 to cm/dyn in column 5. This infor-
mation indicates that the effects of gravity
on voice-coil centering range from signifi-
cant to inconsequential. The two woofers
most affected (the two Madisound models)
both exhibit high-moving masses and high
compliances, as you'd expect.

Keep in mind that these calculations are
parameter related, and indicate nothing
about the relative quality of any of the units
listed. They may, however, provide an
insight into their relative usefulness for
downloading. L

As a rule of thumb, when evaluating a
woofer’s suitability for downloading, high
mass and compliance are your enemies, if
high power handling is a consideration. A
high figure for a speaker’s X,;, is your
friend, as gravitational displacement will be
smaller compared with the original X, , .

CONCLUSIONS

These tests demonstrate that downloading a
woofer can change a woofer’s apparent pa-
rameters. As a system is oriented horizontal-
ly and lowered toward the floor, the driver’s
frequency of resonance decreases due to an
apparent increase in moving mass, as air in
the cone’s vicinity moves with the cone
itself. This added mass results in an increase
in driver Qqg, which the frictional loss asso-
ciated with the movement of this air some-
what mitigates.

As the speaker designer, you can antici-
pate a moderate increase in effective Qqq
and a decrease in apparent fg when you
download a woofer. The best conditions
involve a woofer with a somewhat low Q-
or one with a somewhat high inherent fg. In
practice, this would suggest a speaker with
an EBP that needs to be decreased, or that
might become more useful through a
reduction in EBP. In addition, using such a
system over a carpeted or other “lossy”
surface can significantly affect damping,
and can lower Qqg, or at least reduce the
increase in Qqg.
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From this look at the effects on mass and
damping, it is clear that to proceed with a
design of this type without some careful
consideration could produce a system that
does not operate as intended. If you capri-
ciously apply this technique to a woofer
without accounting for its effects, you'll be
working with design goals that could be
vague, and achieve an unpredictable result.
When carefully used, however, download-
ing can change effective driver parameters
in special cases, i.e., when the driver could
be helped by a lower fg, higher Q.g, or
lower EBP.

Another effect of downloading is that the
force of gravity tends to pull the voice coil
from its centered position, resulting in a
decrease in maximum linear excursion for
the driver and a decrease in displacement-
limited power handling. This effect will
vary in importance from woofer to woofer,
and will be most harmful in drivers exhibit-
ing high compliance, large moving mass,
and short inherent linear-excursion capabil-
ity. Be sure to evaluate the effect gravity
will have on the woofer before choosing
your driver. <)
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TCH offers you the ability
to combine state-of-the-
art speaker components
to design and build

your own custom loud-
speakers. So whether
your speakers will rock
concert halls, disco floors
or living rooms, TCH

has over 500 items in
stock and ready for

immediate delivery.
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Handles
Corners
Speaker Grills
Casters
Speaker Carpet
Clamps

Jack Dishes
Feet

Grill Cloth
Plugs & Jacks

($50 min. order)
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