CHAPTER SIX

Mr. Pablapa

LOUDSPEAKER BAFFLES: DRIVER LOCATION,
SEPARATION, AND OTHER CONSIDERATIONS

6.10 SPL VARIATION DUE TO
DRIVER BAFFLE LOCATION,

Loudspeaker front baffles provide a “taunch” area
for the wave front developed by a transducer. As was
discussed in Chapter 5, enclosure (baffle) shape—
be it rectangular, cylindrical, spherical, square, egg-
shaped, etc.-—can cause substanual variation in the
measured SPL. of the driver. In Section 5.10B, the
cffect of different locations was also discussed, bul
only from a liinited perspective of the difference
from the center of a balfle to the top of a baffle.
The reality is that as woofers, midranges, and tweet-
ers are mounted in different physical locations on
a baftle, and as the distance from each baffle edge
changes, the on- and off-axis SPL will be very differ-
ent for each discrete location.

Where to locate a set of drivers on a new de-
sign has always been an unanswered question for
speaker designers, Most manufacturers opt for the
drivers centered on the baffle betveen the left and
right sides of the speaker and usually build the array
starting with the oweeter at the top of the baffle (or
awoofer at the top if it's a woofer-tweeter-woofer de-
sign). Variations have been nunerous and include
such concepts as mirror-imaged drivers in which
the nweeters arve Jocated close to the left for one
channel of a stereo pair and on the rightside of the
cabinet for the other chanuel. Because this is such
an open question Lo be answered when desiguing
a loudspeaker, what is needed is a comprehensive
set of examples that will give you some idea of what
to expect when selecting a mounting location for
a woofer, midrange, or twveeter. Using the virtual
anechoic chamber provided in the LEAP 5 Enclo-
sureShop software, I conducted an extensive study
cdlescribing the consequence of the various possible
mournting locations on differentsize baffles. This is
intended to serve as a guideline for this part of the
loudspeaker design process.

This study of SPL variation vs. driver location is
broken down into two parts: two-way loudspeaker
SPL variations due to different driver mounting lo-
cations, and three-way midrange SPL variations due
to different driver locations. Because the majority
of loudspeakers built both by manufacturers and
by amatewr builders are standard rectangular types,
and because tying to do baffle location variations
for all the different possible enclosure shapes would
be too exhaustive for the scope of this book, I con-
sider only rectangular baffles.

A. Two-Way Baffle Woofer and

Tweeter Location SPL Variation.

Because haflle size and driver diameler both affect
the diffraction that causes SPL. changes, this stucly
includes four different haffle sizes and four ciffer-

ent woofer diameters. The enclosures were mod-
eled after enclosure volumes and dimensions of
loudspeakers that were in procuction in 2005:

Woofer Enclosure Dimensions Simulated
Diameler (H x W x D) Wooler

45" 875" x 525" % 55" Peerless 830516
5257 10,757 % 725" % 8.5” Vifa C13WG-19-08
[ 13.5" x 8.75" = 11.25” Vifa Pt 7W]-00-08
8" 15.75" < 0" < 10.5” Vifa P21 W0-10-08

While the LEAP 5 EnclosureShop simulations are
very good, they could not simulate the SPL anom-
alies that often occur in a tweeter's response and
are caused by the reflections in a woofer or mid-
range cone. While there was no way to simulate this
response affectation, if you care to know whether
or not a particular response anomaly in a tweeter
measurement is being caused by a reflection out
of a woofer or midrange cone, cover the cone with
a thin {lat piece of cardboard and repeat the mea-
surement. The question will be answered in the
comparison.

Because there are an infinite number of discrete
balfle locations for any transducer, for the purposes
of this study, I used just three different locations for
the woofer and eight for the tweeler. These are pic-
tured for the 8” enclosure woofer SPL simulations
in Figs. 6. 1-6.3and for the 8” enclosure tweeter SPL
simulalions in Figs. 6.9-6.11. These driver locations
were relatively identical for all four different woofer
and enclosure sizes.

[ determined the exact locations with both the
woofer and tweeter mounted as close together as
possible on the baffle and with the measurement
axis placed between the two mounting positions.
The three positions for the woofer are with the two
drivers located such that the tweeter was at the top
aof the enclosure with enough clearance for a grille
frame, with the owo drivers located at the midpoint
between the top and the bottom of the enclosure;
the last position was with the wooter located at the
bottom of the enclosure, again with enough prac-
tical clearance for a grille frame. Because contem-
porary rectangular cabinets tend to be just wide
encugh for the woofer and grille frame, there is no
excess baffle space to study the left or right offset
ol a wooler, so this consideration is not part of this
presentation. However, because tweeters can easily
be oflset to the left or vight side of the enclosure,
more variations can be considered.

If you lock at the tweeter baffle locations in Figs.
6.4-6.11, you can see that this includes the same
three localions as the woofer (the tweeler mount-
ed just above the woofer with minimal spacing be-
tween the two drivers) down the center of the baf-

117



LOUDSPEAKER
DESIGN
COOKBOOK

FIGURE 6.1: 8" woofer
lop baffle localion.

FIGURE 6.2: 8" woofer
mid baffle location.

FIGURE 6.3: 8” wooler
bottom baffle localion.

FIGURE 6.4: 1" lweeter
top cenler baffle location.

FIGURE B.5: 1" tweeler
mid centes baffle location.

FIGURE 6.6: 17 [weeler
hottomn center balfle
location.

FIGURE 6.7: 17 lweeter
WTW cenler ballle
localion.

FIGURE 6.8 1" lweeler

lop ofiset balfle locahon.
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fle, plus the same three locations with the tweeter
offset (o the far right, as far as possible while stll
maintaining some clearance for a grille. Also in-
cluded is a tweeter mounting Jocation for a WTW
(woofer-tweeter-woofer) format with the tweeter
located in the exact middle of the baffle plus the
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same center/middle position offset to the right. In
this case of the WTW tweeter location, there is not
sufficient room on the baffle for dual woofers, but
you could easily use this baffle size for a dual woofer
design by using the next smaller size woofers (dual
6.5” on the 8” baffle, dual 5.25” on the 6.5" baffle,
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r dual 457 on the 5.25” balfle, and dual 3" on the
45”7 baffle). For this reason, I included the middle
tweeter position to provide tweeter data for possible
dual wooler formats, albeit with a somewhat wider
than normal baffle for that format.

In order to fully understand what edge diffrac-
tion does to the driver response when measured
with a microphone, you need to look at both the
on-axis response as well as the horizontal and vert-
cal polar responses. That said, the basic format for
this dilfraction studly includes the following graphic
information for each combination of balfie size and
driver locations:

1.as areference, the on-axis half-space response graph
plus the half-space horizontal and vertical polar plots

2. a composite graph thal compares the different an-
echoic on-axis response curves—one for the three woof-
er locations, one graph for four tweeter locauons placed
on the baffle centerline, and one graph for the four
tweeter locations placed on the right side baffte location
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3. individual on-axis and horizontal and vertical polar
plots for each baffle location.

Given the number of baffle locations and enclo-
sure examples, the number of graphs and plots re-
quired totals 168. Because the space required for
this on the printed page is somewhat excessive {we
are trying to keep this volume substantially smaller
than Tolstoy's War and Peacel), you will find a mail-
in coupon for receiving the data on CD-ROM that
contains the complete graphic set for this entire dif-
fraction study in full-color PDF format, atong with
some other useful information. While there are sim-
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FIGURE 6.9:
17 tweeter mid offsel
baffle location.

FIGURE 6.10:
1 lweeter bollom
olfset batle location.

FIGURE 6.11:
1" tweeter WTW offsel
baflle location.

FIGURE 6.12:
Frequency response of
8" wooler mounted on
an infinite baflle.

FIGURE 6.13:
Honzontal polar plot
fer Fig. 6.12(320Hz
= solid, 640Hz =
dash, 1.25kHz =
dol, 2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.14: Vertical
polar plst for Fig. 6.12
(320Hz = solid, 640Hz
= dash, 1.28kHz =

dot, 2.56kHz = sefid,
3.84kHz = dash).

FIGURE 6.15;
Comparnison of 8"
wocler frequency
response for all lhree
cenler balfle localions
{lop = solid, mid =
dash, battom = dol).
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ilarities in the effects of baffle location between the
different enclosure sizes, the differences are much
greater than you might expect, so as an exercise in
overall understanding, you will find it very worth-
while to examine all the graphs and conclusions
for each size enclosure. You will also find the polar
plots much easier to read in color. That aside, data
on the 8” enclosure is provided in figs. 6.12-6.24
for the woofer locations and Figs. 6.25-6.53 for the
tweeter locations.

For the 8” woofer exanple, start by exanining
Figs. 6.12-6.14. This 15 the hall-space response of
the wooler (mounted on an infinitely large baffe)
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FIGURE §.16: Fre- e
juency response for
8" woofer ai bollom
bafle location.
FIGURE 6.17:

Horizontal polar plot
o Fig. 6.16{320H2
= solid, 640Hz =
dash, 1.28kHz =
1ol, 2.56kHz = solid,
3.84kHz = dash).

FIGURE 56.18:
vertical polar plet for
Fig. 6.16(320Hz

= solid, 640Hz =
dash, 1.28kHz =
Jdot, 2.56%Hz = solid,
3.84kHz = dash).

FIGURE 6.19:
Frequency response
for 8” woofer a1 mid

baffle location.

FIGURE 6.20:
Harizonta! pofar plol
for Fig. 6.19(320Hz
= solid, 640Hz =
dash, 1.28kHz =
dot, 2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.21:
Vartical polar plol for
fig. 6.19(320Hz

= 50lid, 640Hz =
dash, 1.25kHz =
dot, 2.56kHz = solid,
3.84kHz = dash).

FiGURE 6.22:
Frequency response
for 8” woofer at lop
baflle location.

FIGURE 6.23:
Horizontal polar plol
tor Fig. 6.22{320Rz

=50ld, 640Hz =
dash, 1.28kHz =
dol, 2.56kHz = salid,
3.84KkHz = dash).
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on-axis and horizontal and vertical polar plots. As
you can see, the response is mostly flat with a 2dB
decrease in SPL in the octave from 2-4kHz, and the
polar plots are identical and perfectly symmetrical.
These plots are the result of having no edge diffrac-
tion or frequency-dependent-shaped baffle reflec-
tion to aftect the single point micrephone measure-
ment.

The on-axis comparison graph of all three 8”
woofer baffle tocations on the 15.75” x 10" baffle in
Fig. 6.15 shows the absotute SPL differences on-axis
to be within a 1-1.5dB range. In terms of affecting
the crossover from 2kHz and higher, the differenc-
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es are not particularly significant. In terms of the
horizontal polar plots (Figs. 6./7, 6.20, and 6.23},
any posilion on the baffle provides a symmetrical
pattern, which means no “lobing” to one side or the
otherin the horizontal plane, so this is not an issue.
Incidentally, the 8” enclosure data is repeated on
the CD-ROM and is much easier to read in color on
a computer screen than the black and white graph-
ic rendering on these pages. Baffle position does
affect, however, the verlical polar response (figs.
6.18, 6.21, and 6.24) and causes some degree of fre-
quency dependent lobing for each lacation.

As a pgenecralizatwon, frequencies above 3kHe,
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which ideally will be in the stophand of the low-pass
filter section of a two-way crossover, are affected
about the same for all three locations, which hap-
pens to be a downward tilt of about 6°. For the fre-
quencies below 3kHz, the bottom position causes a
15° upward 6lt, the middle position has somne un-
evenness—but primarily does not cause any signifi-
cant tilt (lohing)—and the top position causes a 15°
downward ilt.

[f'you consider that non-coincident driver mount-
ing of the tweeter above the woofer (both woofer
and tweeter mounted on the balfle surface and
the balfle oriented perpendicular to the floor and
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FIGURE 6.24:
Verlicat polar plat for
Flg. 6.22 (320Hz

= solid, 840Hz =
dash, 1.28kHz =

1o LI

dol, 2.56kHz = solid,

|
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3.84kHz = dash).

FIGURE 6.25: Fre-

quency response of
1" tweeler mounted
on an infinile baflle.

FIGURE 6.26: Hori-
zontal polar plot for
Fig. 6.2512.56kHz
= 50lid, 3.84kHz =
dash, 5.12kHz =

dot, 6.40kHz = solig,

12.8kHz = dash).
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FIGURE 6.27:
Verlical polar plot o
Fig. 6.25 (2.56kHz
= solid, 3.84kHz =
dash, 5.12kHz =
dol, 6.40kHz = solid,
12.8kHz = dash).

FIGURE 6.28: Com-
parison of 1™ weeler
[requency response
lor all lour center
baftle locations (top

6.26
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= solid, mid = dash,

botlom = dol, WTW =
dashidot).

FIGURE 6.29: Com-
parison of 1" lweeler
frequency response
lor all four offset
haffle locations {lop
= s0lid, mid = dash,
botlom = dol, WTW =
dash/dot).

FIGURE 6.30:

LERA

Frequency response
4 for 17 lweeler at lop
7 centerballle location

FIGURE 6.31: Hori-
" i zonlal polar plol for
1 Fig. 6.30 (2.56kHz
1 = solid, 3.84kHz =
dash, 5.12kHz =
dol, 5.40kHz = solid,
12.8¥Hz = dash).
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FIGURE 6.32:
Vertical polar plot for
fig. 6.30(2.56kHz
= solid, 3.84kHz = wE
dash, 5.12kHz =
dol, 6.40kHz = solid,
12.8kHz = dash).

FIGURE 6.33: »

Srequency response M

‘or 1" tweeler at mid =
enter batfle location, 2

FIGURE 6.34: Hor- o
zonlal polar plot for n
fig. 6.33(2.56kHz

not tilted at an angle) causes a downward lobing
{discussed in Chapter 7), then the top mounting
position for the woofer will minimize the overall
lobing and is the preferred mounting position that
provides an overall more consistent vertical polar
response for the system. If you mount the nweeter
below the woofer, as the PSB Mini Stratus two-way
(now out of production), the bottom mounting po-
sition for the woofer would make more sense, be-
cause the driver orientation would cause an upward
vertical polar response tilt in the crossover region,
and the baffle orientation of the woofer would also
cause an upward tilt, again giving a more consistent

vertical polar response for the system. This is impor
tant, as different types of lobing affect the perceived
sound quality. The subjective perceived effect of
tobing is discussed more in Section 6,20,

For the tweeter, you should again start by looking
at the halfsspace on-axis response and the half-space
horizontal and vertical polar plots in Fgs. 6.25-6.27,
As you can see, the response of this tweeter is rela-
tively flat and the polar plots in either plane are to-
tally symmetrical. There are two comparison on-axis
plots given—one for the center baffle locations in
Fig. 6.28and one for the offset positions in Fig. 6.29
This +SPL data is quantified in Table 6. 1.
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= solid, 3.84kHz =

dash, 5.12kHz =
Jol, 6.40kHz = solid, | =
12.8kHz = dash). ,,‘

FIGURE 6.35:
Vertical polar plot for
fig. 6.33{2.56kHz
=solid, 3.84kHz =
dash, 5.12kHz =
ot, 6.40kHz = solid,
12.8kHz = dash).

FIGURE 6.36:
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“requency response
for 17 tweeler al
hottom center bafile
location.

FIGURE 6.37: Hori-
zonlal polar plot for
Fig. 6.36{2 56kHz
= solid, 3.84kHz =
dash, 5.12kHz =
Jol, 6.4CkHz = solid,
12.8kHz = dash).

FIGURE 6.38:
vertical polar plot for

6.34
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= solid, 3.84%Hz =
dash, 5.12kHz =
Jot, 6.40kHz = solid,
12.8kHz = dash).

FIGURE 6.39:
Frequency response
of 17 tweeter at the
WTW center baffle
lecation.
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TABLE 6.1 Tweeter SPL Variations from 2kHz-10kHz for
Different Baffle Locations (dB).

Baffle Location

TOP MID BOTTOM  CENTER (WTW)
Center 1.57 1.89 2.41 1.87
Offset  1.51 1.04 1.17 i.11

From an on-axis single peint microphone mea-
surement standpoint, offsetting the tweeter to
the far side of a baffle unquestionahly results in a
smoother response with less SPL variation on-axis,

although it’s not as significant as is often assumed,
and the difference varies somewhat depending
on the verical placement (top, mid, bottom, or
WTW}. In the vertical polar plots (Figs. 6.32, 6.35,
6.38, 6.41, 6.44, 6.47, 650, and 6.53), both center
and offset, there is a small upward tilt for the top,
mid, and bottom positions of b, 4, and 3°, respec-
tively, for the frequencies from 3.8kHz to 12.8kHz,
while the WTW is centered on the 0 axis with no
tilt. While the upward tilt for the top, mid, and bot-
tom posilions is not great, the symmetry of the tilt is
somewhat better for the mid and bottom positions.
Given that the top position was judged optimal for

6.40
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FIGURE 6.40:
Horizontal polar plot
for Fig. 6.39(2.56kHz
=solid, 3.84kHz =
dash, 5.12kHz =

dot, 6.40kHz = solig,
12.8kHz = dash).

FIGURE 6.41:
Vertical polar plot for
Fig. 6.39(2.56kHz
= 50lid, 3.84kHz =
dash, 5.12kHz =
got, §.40kHz = solid,
2.8kHz = dash).

FIGURE 6.42:

Frequency response
for 1* twesler al fop
offset baffie location.

FIGURE 6.43:
Honizonial potar plot
lor Fig. 6.42 {2.56kHz
= s0lid, 3.84kHz =
dash, 5.12kHz =

dot, 6.40kHz = solid,
12.8kHz = dash).

FIGURE 6.44:
Vertical polar plot for
fig. 6.42 (2 55kHz
=solig, 3.84kHz =
dash, 5.12kHz =
dol, 6.40kHz = solid,
12.8kHz = dash).

FIGURE §.45:

Frequency resporse
for 1 tweeler al mid
offset baffle location.

FIGURE 6.46:
Horizonlal polar plol
for Fig. £.45(2.56kHz
= solid, 3.84kHz =
dash, 5.12kHz =

dot, 6.40kHz = solid,
12.8kHz = dash).

FIGURE 6.47;
Verlical polar plot for
Fig. 6.45 (2.56kHz
= 50iid, 3.84kHz =
dash, 5.12kHz =
dot, 6.40kHz = solid,
12.8kHz = dash,).
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FIGURE 6.48:
Fraquency
response for 17
tweeler at botlom
offset baffle
location.

FIGURE 6.49:
Horizontal polar
plot for Fig. 6.48
(2.56kHz = solid,
3.84kHz = dash,
5.12kHz = dol,
6.40kHz = solid,
12.8kHz = dash).

FIGURE 6.50:
Verical polar
plot for Fig. 6,48
{2.56kHz = solid,
3.84kHz = dash,
5.12kHz = dot,
6.40kHz = solid,

12.8kHz = dash).

FIGURE 6.51;
Frequency
response of 17
tweeler at the
WTW ofiset
bafile location,

FIGURE 6.52:
Horizontal polar
plat for Fig. 6.57
(2 56kHz = solid,
3.84kHz = dash,
5.12kHz = dot,
6.40kHz = solid,
12.8kHz = dash).

FIGURE 6.53:
Vertical polar
plol for Fig. 6.57
{2.56kHz = solid,
3.84kHz = dash,
5.12kHz = dot,
6.40kHz = solid,
12.8kHz = dash).
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the woofer, somewhere between what has been
shown as the top and mid positions would likely be
optimal from a system viewpoint, but [ really don’(
believe that small changes such as this are extremely
critical subjectively, so that the top position for both
woafer and tweeter would still be a good choice. An-
other important cbservation regarding the WI'W
tweeter position is that the Jack of lobing, coupled
with the very symmetrical woofer and midrange lob-
ing that you will see in sections 6.10B and 6.20, is
undoubtedly at least one of the reasons the WIW
D’Appolito format speaker has been so successful
and tends to be snbjectively well liked.

As far as the horizontal polar response of these
different oveeter positions is concerned, like the
woofer, all the center locations (Fgs. 6.31, 6.34,
6.37, and 6.40), whether mounted at the top, mid,
bottom, or center (WIW) of the enclosure, have to-
tally symmetrical profiles. However, if you consider
all four offset tweeter positions (Figs. 6.43, 6.46,
6.49 and 6.52), then the horizontal polar plots re-
semble the tweeter top vertical polar plots in terms
of lobing. In this case the lobing is ahout a 157 tlt
toward the side the wweeter is mounted on. Also im-
portant is that the amplitude spread at the various
frequencies is more even on this sile of the hori-

zontal response.

In the "70s, mirror-imaged speakers were popuiar.
“Mirror Image” meant that the tweeters were offset
to the far side of the baffle, but on opposite sides
for each stereo channel. The left channel speaker
had the mweeter mounted on the right side of the
baffle, and the right channel speaker had its tweeter
mounted on the left side of the baffle. This at least
was the preferred orientation, because by switching
the location of the stereo pair, the tweeters would
be on the outside instead of the inside.

From the various horizontal polar plots for the
offset tweeters it becomes obvious why the inside
orientation was the correct subjective choice. This
way both horizontal polar responses tilt to the in-
side toward the center “sweet spot” lislening posi-
tion, with the added benefit of mare consistent SPL
and reportedly improved sonic imagery. This would
alse account for why non-mirror-image stereo and
home theater LRs (Left/Right channels) are fre-
guency canted to the inside listening area, because
pointing the speaker at the listener is a similar fune-
tion to the offset lobing pointing at the listener with
mirror-image speakens, except there tsan enhanced
measured SPL consistency with the offset.

Tweeter offset to the baffle edge probably makes
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more sense with close-in listening positions in ste-
reo than [urther back listening positions with home
theater, especially with larger screens. The higher
degree of ambient content at the more distant lis-
tening positions makes a symmetrical horizontal
polar response more desirable. Of course, there is
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also the manufacturing issue of matching up left
and right mirror offset channels, which makes such
a practice more trouble than most manufacturers
are willing to subject themselves to.

As a “guiding” principle, I think that keeping
both vertical and horizontal polar respornses as sym-
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FIGURE 6.54: Single 4.5"
midrange tog center
baffle localion.

FIGURE 6.55: Single 4.5”
midrange mid center
baffle localion.

FIGURE 6.56: Single 4.5
midrange WTW center

"~ balle location.

FIGURE 6.57: Single 4.5”
midrange lop offset baffle
location,

FIGURE 6.58: Single 4.5”
midrange mid offset baffle
localion.

FIGURE 6.59: Single 4.5”
midiange WTW offset
Baffle localion.

FIGURE 6.60: Dual 5.25”
midrange top center baflle
localion.

FIGURE 6.61: Dual 5.25"

midrange WTW center
balfle location.
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*IGURE 6.62: Dual 5.25" midrange
top ofiset baflle localion.

IGURE 6.63: Dual 5.25" midrange
WTW ofiset baffle location.

“IGURE 6.64: Frequency response
f single 4.5 midrange mounted on

an inlinite baffie.

FIGURE 6.65:
Horizonta! petar plot
‘o Fig. 6.64 (320Hz

= solid, 640Hz =
dash, 1.25kHz =
101, 2.55kHz = solid,
3.84kHz = dash).

FIGURE 6.66:
verlical polar plot for
Fig. 6.64 (320Hz

= solid, 640Hz =
dash, 1.25kHz =
101, 2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.67: Com-
arison of single 4.5”
midrange frequency
asponse for all (hree
nter baflle localions

{top = solid, mid =
dash, cenler = dot).
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metrical as possible results in a better subjective
experience, which is at least one of the reasons I
undertook this diffraction study. This, of course,
runs contrary to some engineering personalities
who maintain that heme speakers should have
some type of directivity. Controlled directivity is a
standard practice for loudspeakers designed for use
in large venues and is done to provide specific cov-
erage patterns. Enhanced divectivity loudspeakers

L

= L2zt

o

are, however, the exception rather than the rule in
speakers intended for small rooms.

B. Three-Way Midrange Location SPL Variation.

Section 6.10A discussed SPL differences for woofers
and tweeters in two-way systems located at different
positicns on a front baffle. This section will discuss
the same information for midranges in three-way
systerns. [ simulated two examples—a single 4.5”
midrange, and dual 5.25” midranges—and chose
the cabinet volumes and dimensions for this exer-
cise from current production 2005 leudspeakers.

Midrange Enclosure Dineisions Simulated
Diameter HxW=xD) Woofer

4.5" 207 % 8257 % 10.5" Peerless 830516
5257 (D) 327 % 707 % 10.57 Vifa CI3WG-19-08

Ioutlined six different positions for the 4.5” mid-
range: three mounted on the baffle centerline and
three offset to the right from those positions. These
six baffle locations are depicted in Figs. 6.54-6.59.
Asyou can see, the midrange was located in the cen-
ter of the balfle (this is the same configuration as
the production speaker with 6.5 woofers mounted
above and below this position), between the center
and the top of the baffle (both 6.5” woofers would
be mounted below the midrange and a tweeter
mounted above), and at the top of the baffle (both
woofers at the bottom of the baffle and the tweeter
mounted just below the midrange).

For the dual 5.25” midrange format, only four
positions are examined and are illustrated in
Figs. 6.60-6.63. Only two basic positions are avail-
able for this format with this size enclosure. One
configuration is with the tweeter mounted in the
center of the baffle with one midrange mounted
above and below and an 8” woofer mounted at
the top and bottom of the baftle {plus the offset
variation). The other is with the midrange tweet-

i

LEAF
- T

6.65

o e M QD
—— me o LRI
" T R I I I

TR 1M "% "
L T L Y
SR T




er MTM array located at the top of the baffle
with two 8" woofers located together at the bot-
tom of the baffle. The graphic presentation for
both three-way examples is similar to section
6.104, as follows:

1. asetof reference graphs, on-axis half-space ptus
horizental and vertical pofar plots in half space

2. a composite graph that compares the different
anechoic on-axis response curves, one for the three
center 4.5” single midrange locavons, one for the
three offset 4.5” single midrange locations, plus
one for the two dwal 5.25” inidrange locations and
one for the two 5.25” midrange offset locations

3. individual on-axis and horizontal and vertical
polar plots for each haffle focation

As before, you should again start by Jooking ar
the half-space on-axis response and the haltspace
horizontal and vertical polar plots in Figs. 6.64-6.66
for the single 4.5” mid and in Figs. 6.87-6.89 for the
dual 525" midrange format. Both midrange drivers
have a smooth on-axis response, relatively flat for
the dual 5.25” set and with a somewhat declining
SPL with increasing frequency [or the single 4.5".
As with any halfspace measurement, the hovizon-
tal and vertical polar plots are totally symmetrical,
although you can see the cancellaton effects and

LOUDSPEAKER
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FIGURE 6.68: Comparison of
single 4.5 midrange frequency
response for all three offset baffle
localions (lop = solid, mid = dash,
center = dof}.

FIGURE 6.69: Frequency re-
sponse for single 4.5” midrange
al top cenler baffle localion.

o

i

6.68

i ‘6 72 FIGURE 6.70:

Horizonlal polar
plot for Fig. 6.63
(320Hz = solid,
640Hz = dash,
1.25kHz = dol,
2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.71: Ver-
lical polar plot for
Fig. 6.69(320Hz
= solid, 640Hz =

dash, 1.25kHz =
| dot, 2.56kHz =
solig, 3.84kHz =
dash}.

FIGURE 6.72:
Frequency e-
sponse for single
45" midrange al
mid center baffle
focalion.

FIGURE 6.7%:
Horizonlal polar
plot for Fig. 6.72
(320Hz = solid,

640Hz = dash,
1.25kHz = dol,
2.56kHz = solid,
3.84kHz = dash,).

FIGURE 6.74:
Vedtical polar
plot for Fig. 6.73
{320Hz = solid,
840Kz = dash,
1.25kHz = dot,
2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.75:

Frequency re-
sponse for single
4.5" midrange
at WTW cenler
ballfe location.
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FIGURE 6.76: Horizonlal polar
plot for Fig. 6.75 (320Hz =
solid, 640Hz = dash, 1.25kHz
= got, 2.56kHz = sclid,
3.84kHz = dash).

FIGURE 6.77: Vertical polar
plet for Fig. 6.75 (320Hz =
solid, 640Hz = dash, 1.25kHz
= dot, 2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.78:
Frequency re-
sponse for single
4.5" midrange at
lop ofiset baflle
location.

FIGURE 6.79:
Horizontal polar
plot for Fig. 6.78
(320Hz = solid,
640Hz = dash,
1.25kHz = dot,
2.56kHz = solid,
3.84%Hz = dash).

FIGURE 5.80:
Vertical polar
plot for Fig. 6.78
(320Hz = solid,
640Hz = dash,
1.25kHz = dol,
2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.81:
Frequency re-
sponse for single
4.5” midrange &t |

resulting lobing of the dual 5.25” midrange drivers
in the vertical polar plot.

The on-axis comparison graph for the different
centerline locations and the difterent offset loca-
tions are given in figs. 6.67-6.68 for the single
4.5” midrange and in Figs. 6.90-6.91 for the dual
5.25" scenario. The +SPL data for both the 4.5”
and 5.25" drivers is quantified in Tubles 6.2and 6.3,
respectively.

Table 6.2 Single 4.5” SPL Variation from 500Hz-3kHz for
Different Baffle Locations (dB).

Baffle Location

TOP MID CENTER (WTW)
Center  2.30 2.95 3.07
Offset  1.69 1.07 1.45

Table 6.3 Dual 5.25” SPL Variation from 500Hz-3kHz
for Different Baffle Locations (dB).

Baffle Location
TOP CENTER (WTW)
Center  1.56 1.13
Offser  0.97 0.76
6.76
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Results for the single 4.5” midrange were very
sirnilar to the tveeter conclusions in Section 6.104,
Offsetting this midrange to the far side of a baffle
unquestionably results in a smoother response with
less SPL variation (see Table 6.2 and Figs. 6.67-6.68),
although, as before, not as significant as is often as-
sumed. In the vertical polar plots (Figs. 6.71, 6,74,
6.77, 6.80, 6.83, and 6.80), the bafile also tilts the
response 5° upward for the placement at the top,
about 3° upward for the mid location between the
top and center, and no tilt at all with the midrange
mounted in the center position. With no offset and
the midrange located on the centerline of the baf-
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mid offsel baflle
location.

FIGURE 6.82:
Horizonlal pofar |
plot lor Fig. 6.87 | |
(320Hz = solid, | .
640Hz = dash,
1.25kHz = dol,
2.56kHz = solid,
3.84kHz = dash).
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fle, all three locations have symmetrical horizontal
polar plots (Figs. 6.70, 6.73, 6.76), again the same as
the tweeter analysis in the previous section. The re-
sponse change in the horizonial plane due to offset
to the right side of the enclosure (Figs. 6.79, 6.82,
and 6.85) results in a 10-15° tilt toward the right
side of the enclosure plus a tighter SPL spread on
that side as well, again, very similar to the tweeter
example.

Results for the 525" dual midrange example
were somewhat different, although the offset re-
sponse given in Tuble 6.3 (also see figs. 6.90-6.91)
also showed some small improverment over the cen-

ter baffle location. In the vertical polar plots (figs.
6.94, 6.97, 6.100, and 6.103), the drivers Jocated in
the center of the baffle have a totally syminetrical
response. When the two midranges ave relocated to
the top of the baffle, the response change is not ex-
treme, but it also is not as symmetrical as the center
lacation. Obviously, both locations exhibit a degree
of cancellation due to the use of two sources operat-
ing in the same frequency range.

The offset location for the dual 5.25” midranges
resulted in less “6lt” toward the same side of the
baffle they were located on—about 5° compared
to 15° for the single 4.5” midrange—Dbut also ex-
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FIGURE 6.83: Verlica! polar plol
for Fig. 6.87 (320Hz = solid,
640Hz = dash, 1.25kHz = dot,
2.56kHz = solid,

3.84kHz = dash).

FIGURE 6.84: Frequency re-
sponsé for single 4.5” midrange
al WTW offset balfle localion.

s

FIGURE 6.85:

Horizontal polar
plot for Fig. 6.84
(320Hz = sold,
640Hz = dagh,
1.28kHz = dol,
2.56kHz = sohd,
3.84kHz = dash).

687

FIGURE 6.86:
Verlical polar
plol for Fig. 6.84
[320Hz = solid,

LERR

640Hz = dash,

1.25kHz = dol,

'6.84

NN

o

[ORFa 11

6.88 2 56kHz = solid,

P 3.84kHz = dash].

EEE )
EERES

FIGURE 6.87:
Frequency
response ol dual
5.25" midranges
mounted on an
infinite balile.

FIGURE 6.88:
Horizonlal polar
plat for fig. 6.87
{320Hz = sofid,
640Hz = dash,
1.25kHz = dol,
2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.8%:
Verlical polar
plot for Fig. 6.87
(320Hz = solid,
640Hz = dash,
1.25kHz = dot,
2.58kHz = solid,
3.84kHz = dash).

FIGURE 6.80:

Comparison of

—_—

6.90 dual 5.25” mid-
ranges lrequency
response for bolh
center baffle locg-
tions (lop = solid,
cenler = dash).
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FIGURE 6.105: Drive layout
for 2.5-Way vs. WTW.

tems, and the second involves the design of hori-
zontal WTW arrays used for center channei speak-
ers in home theater systems.

A, 2.5-Way WTW vs,

Full-Range 2-Way WTW.

Over the last several years I have heard criticism lev-
eled at the use of fullrange two-way WI'W speaker
formats in home theater with the suggestion that 2.5-
way formats are superiol. A 2.5-way speaker has two
woofers like a regular WI'W format, but instead of
crossing both of them over at the same frequency to

blend with a tweeter, one woofer uses a low-pass .
ter set aver an octave or $o lower in frequency, while
the other is crossed normally with the tweeter. The
concept being promoted is that the 2.5-way format
will reduce the “undesirable” interference (lobing)
due to the separation between the two woofers tha
are both operating together with the tweeter. The
claip1 is that by reducing the lobing, the resulting
2 5-way format will produce a subjectively superior
sounding loudspeaker.

Fortunately, the occasion came up in the last year
{sometime in 2004) for me to compare the exact
same loudspeaker (cabinet and driver set) opt-

1%

Nt

'6.10

FIGURE 6.106:

WTW on-axis
response.

FIGURE 6.107:
2.5-Way (network
on single veooler)
ONn-axis response.

FIGURE 6.108:
WTW horizonlal
on- and off-axis
{solid = 0°, dol =
15°, dash = 30%),

FIGURE 6.109:
2.5-way horizonlal
on- and off-axis
(solid = 0°, dol =
15°, dash = 30°),

FIGURE 6.110:
WTW vertical on-
and off-axis (solid

=0°, dot = +15°,
dash = + 30°),

FIGURE 6.111:

2 5-vay vertical

on- and off-axis
{sokd = 0°, dot

=+15°, dash =

+30°).

FIGURE §.112:
WTW veitrcal on-
and ofi-axis (sofid

=0°, dot = -15°,

dash =- 30°).
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mized for a fullrange WTW and the same speaker
optimized as a 2.5-way. This gave me the opportu-
nity to very critically compare the 2.5-way incar
nation side by side with the same drivers in a full-
range D’Appolito format. My observation was that
although the timbre of both formats was very simi-
lar, the 2.b-way lacked the perceived image depth
of the standard WTW format {this was a inono A/
B test—for more on this, see Chapter 7.90, Loud-
speaker Voicing). What follows explains the subjec-
tive difference using LEAP 5 simulations and offers
some more guidance in terms of the optimal polar
response in a loudspeaker.

Figure 6. 105 gives the cabinet and driver setup that
was configured in LEAP 5 EnclosureShop. What
you see in the illustration isa dual 6.5” speaker with
the woofers spaced at the distance required to fit a
small faceplate neodymium tweeter between them.
Because of the methodology employed in LEAP 5
that allows you to add passive filter sections for dif-
fraction analysis, the only network employed in the
simulations was the low-pass on the single woofer in
the 2.5-way example, so both the fullrange WTW
and the 2.5-way do not have a crossover at the tweet-
er crossover frequency.

The fullrange WIW woofer example (without

any crossover) and the 2.5-way (with a bottom
woofer 1.5kHz LP filter) analysis resulted in the
production of an on-axis curve, a 30° off-axis curve
in both the horizontal and vertical planes, and both
horizental and vertical polar plots for each exam-
ple. Because no crossover was used in conjunction
with the WTW example, you see the woofer “step”
response (this will be discussed in Section 6.30), but
the overall response above the “step” is identical 1o
the 2.5-way. Curves for the full-range WTW woofers
and the 2. 5avay examples are as follows:

WTW 2.5-way
On-axis 6.106 6.107
On-axis, 15° H, 30° H 6.108 G.109
On-axis, +15° V +30°V 6110 6.111
On-axis, -15°V, =30° v 6.112 6.113
Vertical polar plot 6.114 6.115

When examining these two curve sets, you see
that the horizontal on- and off-axis (Fgs. 6.{108 and
6.109) curves are very symmetrical for both formats.
However, if you compare the vertical off-axis curves
both up (+) and down (-} from the measurement
axis, the pair of grapls for the WIW woofers is
identical (Figs. 6./10and 6.112}, but for the 2.5-way
(Ligs. 6.111 and 6.113), definitely not atall syinmet-

@i

rical. This is to be expected when one woof-

er ts below the other and playing in a differ
ent frequency range. This is confirmed by
comparing the verticat polar plots in Figs.
6. 114 and 6.115.

While the 2.5-way speaker does not have
the lobing that is typical of the fullrange
WTW, its vertical response is very asymmet-
rical. My conclusion s that having a radiat-
ing field that is syminetrical, lobing or not,
sounds better than an asyminetrical radiat-
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FIGURE 6.113: 2.5-way verii-
cal on- and off-axis {solid = (7,
dol = -15°, dash = - 30°).

Pl

6.116

u

FIGURE §.114:
Veerlical polar piot
for WTW (320Hz

= solid, 640Hz =
dash, 1.25kHz =
dot, 2.56kHz = solid,
3.84kHz = dash),

FIGURE 6.115:
Verlical polar plot
lor 2.5-way (320Hz
= solid, §40Hz =
dash, 1.25kHz =
dot, 2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.116:
Center channel dual
woofer layoul wilh
wide spacing.

FIGURE 6.117:
Center channel dual
woofer layoul wilh
close spacing.
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FIGURE 6.118: Frequency re-
3ponse comparison of on-axis close
and wide spaced cenler channels
s0lid = close spaced woofers, dash
= wide spaced woclers).

FIGURE 6.119: On- and off-axis
horizontal frequency response for
wide spaced woofers (solid = 0°,
dot = 15°, dash = 30°).

ing field, and this is the reason the full-range
WTW gave a better sense of ambience in a room
than the 2.5-way speaker did.

B. Woofer Spacing for 2-Way

WTW Center Channel Speakers.

While three-way center channel speakers that
have vertical MTM arrays with the same acoustic
polarity as their accompanying LR speakers are
by [ar one of the best solutions for home theater,
the majority of center channel loudspeakers are
2-way horizontal aspect ratio dual woofer WEW
arrays. If you survey the variety of the horizonial

BEL

FIGURE 6.120:

On- and off-axis | *
horizontal frequency
respense for close
spaced woolers
(solid = 0°, det = 15°,
dash = 30°).

FIGURE 6,121:
Vertical pelar plot
for wide spaced
woolers (320Hz
= solid, 640Hz =

6.118

dash, 1.29kHz =

dot, 2.56kHz = solid,

3.84kHz = dash).

FIGURE 6.122:
Vertical polar plol
for close spaced
woolers [320Hz

= solid, 840Hz =
dash, 1.25kHz =
dot, 2.56kHz = solid,
3.84kHz = dash).

FIGURE 6.123:

Honzontal polar plot

lor wide spaced

weolers (320Hz = |
solid, 640Hz =dash,
1.25kHz = dot,
256KkHz = solid,
3.84kHz = dash).

FIGURE 6.124:
Horizontal potar plol
lor close spaced
vwoolers (320Hz
= solid, 640Hz =
dash, 1.25kHz =
dot, 2.56kHz = solid,

3.84kHz = dash).

FIGURE 6.125:
Honzontal polar plol
for wide spaced
woofers (640Hz =
dash, 1.25kHz = dot,
2.56kHz = sclid).
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cabinet dual woofer center channel speakers being
offered by the loudspeaker industry, you will notice
that spacing between the woofers varies consider-
ably from very close and nearly touching to spread
apartat a considerable distance that can be as much
as 5-8" from cabinet center for each woofer. The
consequence of wider spacing between the dual
woofers is more comptlex lobing in the horizontal
response of the speaker and can be avoided.

Figures 6.116and 6.117 depict two horizontal cen-
ter channel scenarjos for a speaker with 5.25” woof-
ers, one with wide spaced woofers each mounted
57 from the cabinet center, and the other with the
two woofers nearly touching. For the speaker in
Fig. 6.117, the tweeter would be mounted either at
the top or bottom of the baffle, on the centerline
where the two woofers are mounted. Generally, this
requires the use of a small footprint neodymnium
type dome tweeter. Graphic data for the compara-
tive analysis of these two center channel formats is
as fotlows:

Wide Close
Spaced  Spaced
On-axis for both cabinets 6.118
On-axis, Horizontal 15, 30° 6.119 6.120
Vertical Polar Plots 6.121 6.122
Horizontal Polar Plots 6.123 6.124
3 Freq. Horizontal Polar Plots 6.125 6.126

As you can see in Fig. 6.118, the on-axis response
is somewhat different due to the spacing, but noth-
ing that would indicate any kind of SPL problem.
Also, in the two vertical polar plots in Figs. 6.121 and
6.122, there is no indication of a problem, as these
are nearly identical. However, when you look at the
horizontal on- and off-axis curves in Figs. 6./{/%and
6.120, it is obvious that the complexity of the off-
axis cancellation nulls is much greater for the wide-
spaced dual woofer example. However, with a 3kHz
low-pass network, it doesn’t really look like all that
much of an issue.

If you now look at the two horizontal polar plots
in Figs. 6.123 and 6.124, you can get a better feel for
whatis goingon. figures 6.125and 6.126are the same
polar plots as Figs. 6.123and 6. 124, butare somewhat
easier to read and only display the 640Hz, 1.28kHz,
and 2.56kHz frequency bands. The 1dea is that the
closersspaced woofers will give a more even coverage
pattern across your listening audience, especially if
they are fairly close to the screen and the speakers.

6.30 RESPONSE VARIATION DUE
TO BAFFLE AREA (STEP RESPONSE).

Chapter §, Cabinet Design: Shape and Damping,
discussed the effect that different baffle shapes
have on the SPL of a woofer, nudrange, or tweet-
er. However, while exotic shapes are interesting,
the fact remains that the majority of loudspeakers
both currently and historically are built fromn sim-
ple rectangular boxes. The analogy of a halfle in
anechoic space is similar to a flashlight reflecior,
except that the wavelength of light is at just one
frequency (well, actually it's a grouping of wave-
lengths between 400-800am}, while the band-
width of a loudspeaker relevant (o wpical baffle
areas is actually quite wide. As the area of a Joud-
speaker baffle increases, it will offer more and

more reinforcement to the very lowest frequencies
right up to the point where the baffle becomes in-
finitely large and reinforces all frequencies from
1Hz to the upper limit of the audio spectrum.
Step response is often used to describe this phe-
nomenon, the step being the upper frequency at
which the bhaffle supplies even reinforcement for
all frequencies at that frequency and higher.

The example that was simulated in LEAP & Enclo-
sureShop to demonstrate the overall SPL changes
that occur with increasing total baffle area incorpo-
rates a 6.5” driver. The extremes for any baffle-re-
lated response change, as discussed in Chapter 5,
are from the speaker being mounted with no baffle
in open air to the speaker being mounted on an
infinitely large baffle, or half-space. For the 6.5 ex-
ample, the simulation curves for these two extremes
are given in Fg. 6.127 Anyrealizable baffle response
will fall somewhere between these two curves.

The simulation started with the 6.5 woofer load-
ed into a small enclosure with a baffle that mea-
sured 9.25” high by 6” wide, just wide enough for
the example driver to At (Mg, 6.128). Keeping the
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FIGURE 6.126:
(see previous page)
Horizontal polar plol
for close spaced
woolers (640Hz =
dash, 1.25kHz = dot,
2.56kHz = solid).

FIGURE 6.127:
Frequency response
comparison of 6.5”
waoler wilh no baffle
and with infinite
baffle (sofid = infinile
baffle response,
dash = no baffle
response).

FIGURE 6.128:
Smallast baffle
{ayout for step
response.

FIGURE 6.129:
Largest baffle layoul

. lor slep response.
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FIGURE 6,130: On-axis
Tequency response Comparison
of all 12 batlle sizes with infinite

baffie base curve (thick sotid =
infinite baffle response;).

FIGURE 6.131: On-axis
Tequency response comparison
of seven baflle sizes in 1” incre-
1ents from 6” wide 0 127 wide.

aspect ratio (the ratio of height to width) the same,
I increased the baffle width in 17 increments from
6" to 127, and then from 12” to 20" in 2 incre-
ments, plus added a fnal monster baffle that mea-
sured 60.67 x 407 (fg. 6.129).

I programmed all the various baffle sizes into
LEAP 5 and performed on-axis 2.83V/Im simula-
tions for all 13 baffle sizes. The results are shown in
Tigs. 6.130-6.133. The series of graph curves begins
with all of the SPL curves displayed simultaneously
along with the reference halfspace infinitely large
baffle curve (#g. 6.130). While this many curves on
one graph are difficult to vead, you can definitely
see the emerging pattern. As the baffle mutates
from a 6" width to a 40" width, two major features
are apparent.

First, the peak at 1.1kHz in the 6" wide baffle
curve decreases in frequency as the baffle area in-
creases. Next, the amptitude of the 100Hz corner
frequency of the high-pass rollofl of this driver grad-
ually increases from 70dB for the smallest baffle
area to 83dB for the largest baffle area. Looking at
Iig. 6.131, which represents the baffle widths from
6" to 12”7 in 1” increments, the 1,1kHz peaking in
the 6" wide haffle not only decreases in frequency
as the baffle area increases, but the peak also de-

creases somewhat in amplitude in this series.

The group of curves in Fig. 6.132 shows the pro-
gression from 12 wide to 20" wide in 2" incre-
ments, again showing an inverse relationship with
the peaking in the response decreasing in frequen-
cy as area increases, but this time a small increase
in amplitude ocecurs as the area increases. This
SPL pattern is somewhat easier to see in Fig. 6.133,
where the graph has three curves starting at a 107
baffle width, doubling to 20” and then 40", Figure
6.134 compares the largest 40” wide baffle with a
halt-space measurement of the driver, showing that
this process is definitely mutating to half-space.

This raises an interesting issue about which de-
sign format is subjectively superior: a loudspeaker
in an off-wall cabinet with some kind of defined
baffle area and shape, or an in-wall speaker with
comparatively large baffle area the size of a house
wall. Over the years | have designed a number of
in-wall products for various companies including
M&K Sound, Parasound, Posh Audio, coNEXTion,
and a THX Ultra in-wall for Atlantic Technology, as
well as a rather large number of off-wall speakers.

In a 2005 interview by Brent Butterworth in Robb
Report Home Entertainment magazine', [ was asked
the question of which worked best, in-wall or off-
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{GURE 6.132: On-
axis frequency re- | »
ponse comparison |
five batle sizes in
" increments from
12" wide to

20" wide.

FIGURE 6.133:
On-axis frequency
response compari-
son of three baflle

sizes, 107 wide,
20" wide, and 40"

8.13(

wide (solid = 10" ™ .

1y BIH

wide baffle, dash =
0" wide baflle, dot | ™
= 40" wide baffle). | =

FIGURE 6.134:
On-axis frequency
‘gSpONSe compari-

son of the largest | »
baffle size with
the infinile balfie
response {solid =
nfinite baffle, dash | »
= 40" wide bafllg). | wl

IGURE 6.135: On- [om

axis frequency re-
ponse comparison
of an undamped
1d a foam damped | »
ballle (solid=no | .,
surface damping
on bafle, dash =
1am damped baflle
surface). |
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wall speakers. Because Mr. Butterworth has been
measuring and reviewing home theater loudspeak-

ers for a number of years, first in Home Theater

magazine, and then for Robb Report, he has had the
apportunity to observe the Joudspeaker industry
trend of home theater speakers being placed phys-
ically out of sight in 2 home theater, as they are in
a real commercial theater. Rather than have the
LCR (Left, Center, Right), surrounds, subwoof-
er, and rear channels all sitting on the floor {or
placed on speaker stands) away fromn the walls or
even mounted on the walls, many instaltations have
speakers that are hidden behind curtains, behind
grilles in home entertainment centers, mounted in
the wall, or mounted in the ceiling. Chapters 5 and
6 have spent much effort defining the SPL modifi-
cation that a discrete baffle has on the response of
a speaker, but also made itapparent that the larger
the baffle, the more even and smooth a response
the drivers will be able to produce.

While it might be tempting to either conclude
that in-walt baffles are superior for this reason, or,
to the contrary, adapt an elitist attitude that in-wall
speakers are inherently inferior (it’s only been since
perhaps the year 2000 that really high-end in-wall
speakers have appeared on the market, and prior
to that they were mostly distribuied audio speakers
nitended for a muzak scenario, totally repugnant to
any self-respecting audiophile), the truth is that nei-
ther of these would be correct. My answer to Brent’s
insightful question is that you can take any given set
of drivers and make tbem sound musical in either
design format, in-wall ov offawall; it’s just a matter
of design criteria. Each plaiform provides a launch
vehicle for a wave froni, and the fact remains that
you have several choices on bow to get sound into

6.136
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a room. In my experience as a loudspeaker design
consultant, you can easily make all of these formats
(on-wall, offwall, in-wall, or in-ceiling) work ex-
tremely well.

6.40 BAFFLE DAMPING.

All baffles reflect sound. As the initial wave-front
propagates from the driver diaphragm, it travels
over the surface of the baffle, and part of the energy
is reflected and some diffracted oft edges and pro-
vusions. All of these incidental aspects of the com-
posite wave front unavoidably involve some small
titne delay (up to 0.5mS?% compared to the initial
wave front emanating from the driver diaphragm.
This acoustic “ctutter” 1ends to smear the sonic de-
tatt and muddy your subjective musical perceplion.

As a consequence, much effort over the years has
gone into limiting this problematic consequence.
Various ideas have been patented and incorporated
for this purpose, but the two basic approaches are
to either scatter the reflective energy in all direc-
tions, or to damp it as much as possible. B&W has
used plastic baffles with a 3-D surface composed of
hundreds of tiny pyramids that were supposed to
scatter reflective energy, and numerous speaker de-
signers, including models from Gizek and SRA (my
first company} in the mid to late 1370s, have used
die cut sheets of acoustic foam to cover all or part
of a baffle.

The measured differences between an un-
damped and damped baffle can range from fairly
impressive to not particularly significant, depend-
ing on the type and amount of material®. The on-
axis curves shown in fig. 6.135 ave for a 15.75" x
10” x 8” enclosure with a 3” full-range {the driver
mounted about 3” down frem the top of the baffle
and centered) both with and without a %4 thick
foam-damping material covering the entire sw-
face of the baffle up 1o the edges of 1the driver. The
material was a specialized acoustic foam-damp-
ing product that came from Scundcoat, an OEM
noise-control manufacturer.

As you can see, the primary damping effect oc-
curred between 1kHz and 3.5kHz [or this particular
material; however, if you look at the on-axis CSD
(Cumulauve Spectral Decay) plots done with a
CLIO MLS analyzer in Figs. 6.136-6.137, you can
also see decay dilferences that occur at different
parts of the bandwidth (see [ig. 6.136 for the wa-
terfall plot without foam material on the baffle and
Fig. 6.137 for the waterfall plot with the Soundcoat
foarn atached). This changes significantly off-axis,
as seen in the 307 off-axis curve comparison in Fig.
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FIGURE 6.136:
CLIO CSD plot of
urdamped balfle.

FIGURE 6.137:
CLIO CSD plot of
foam damped baffle.

FIGURE 6.138: 30°
off-axis lrequency
fesponse compaii-
son of an undamped
and a foam damped
baffle (solid = no
surtace damping

on baffle, dash =
foam damped ballle
surlace).
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6. 138 where the attenuation from the foam materi-
al extends from 1.8kHz to above 12kHz. The actual
subjective differences are discussed in Section 6.50,
Subjective Evaluation of Diffraction.

6.50 SUBJECTIVE EVALUATION
OF DIFFRACTION.

Virtually all published loudspeaker diffraction infor-
mation discusses either the mathematics of simulat-
ing dilfraction® ** or measurements of various dif-
fraction scenarios'. However, the really important
aspect of diffraction is not how it measures with a
microphone or simulates in a computer, but how it
subjectively affects what you hear. To my knowledge,
no one has ever published any kind of controlled
listening test to determine how hearable different
aspects of cabinet diffraction can be perceived, de-
spite the fact that both amateur and professional
loudspeaker designers still spend considerable ef-
fort trying to eliminate the deleterious effects of
measured diffraction.

Peter Kates concluded at the end of his diffrac-
tion paper titted “Loudspeaker Cabinet Diffrac-
tion effects™ that “reflections can cause frequency
response irregularities of up to 4dB, accompanied
by group delays of up to 1.5mS. These irregularities
contribute to spectral coloration, confuse localiza-
tion, and increase the apparent source width of the
loudspeaker system.” To what extent this is true ap-
parently has never been determined in any kind of
published subjective study.

Before undertaking this project, I contacted
Sean Olive, the manager of the Subjective Evaly-
ation R&D Group at Harman Interrational (JBL,
Infinity, Revel, and so on). Mr. Olive works for and
with Dr. Floyd Toole, Vice President of the Acous-
tic Engineering Group at Harman [nternational,
and both of them have been working on the sci-
ence of listening since their work at the NRC (Na-
tienal Research Council) in Canada. Certainly this
group, which includes Floyd Toole, Sean Olive,
and Alan Devanter, has contributed more to the
science of subjective listening than any group
know of in the industry. When [ asked M. Olive
whether he was indeed aware of any published
works on the subjective evaluation of various dif-
fraction phenomena, be replicd, after consulting
with Dr. Toole, that neither he nor Floyd was aware
of any available published information on the sub-
ject, so if there is, it doesn’t seem to be showing up
on anybody's radar. My apologies ahead of time if
we missed someone’s work.

As a result of this communication, | decided to
design my own informal subjective diffraction study
with the goal of eitber confirming or denying the
existence of some of the convenuonal wisdom and
wives' tales regarding the sonic effects of diffraction.
Belore beginning, 1 would first like to emphasize
the informal natwre of the following undertaking.

This was not a double-blinded ABX study using
a large group of trained and untrained listeners
that was followed up with some kind of statisti-
cal analysis to reinforce conclusions. Rather, this
was just two very experienced loudspeaker indus-
try professionals doing what we have successfully
done for a living for a number of years: Jisten to

loudspeakers and describe differences. The two
professionals were myself and my business associate
and voicing partner, Nancy Weiner, Vice President
of Marketing for coNEXTion Systems Inc. (www,
conextionsystems.com). Nancy and I together have
voiced over 30 products for Atlantic Technology,
coNEXTion Systems, and several other well-known
loudspeaker manufacturers, all well reviewed by
the major industry publications such as Robb Report
Home Entertainment, Home Theater Magazine, Sterco-
phile Home Theater, and Sound and Vision.

Comparative analysis of complete systems is a
difficult task and has been well documented in the
induseey'™, Just placing speakers in a room to com-
pare them can be a daunting task'®'®. 1 reported on
a unique device for rapid A/B comparison of loud-
speakers that was created by Dr. Toole’s group at
Harinan cailed the “speaker shuffler” in an August
1999 issue of Voice Coil ™. This device, described in
detail in AES Preprint 4842, was built by a high-
tech aerospace company for Harmman and eflfec-
tively could switch a pair of speakers for a listen-
ing test in 2-8 seconds while keeping the speakers
m the exact acoustic space. This s very important,
because placing even two speakers next to each
other in a test can cause timbre differences due to
room modes.

Unfortunately, I really could not justify the
$150,000 price tag of having my own “speaker
shuffler” built for my office, so 1 came up with an
extremely cost-effective alternauve that only cost
about $29 Figure 6.139 shows a picture of my rapid
A/B comparison fixture that will keep the speakers
you are comparing in the exact same acoustic space
and perform this task with an A/B switch time of
less than I second. All you need are a couple of 24"
diameter MDF (Medium Density Fiberhoard) plat-
ters from Howme Depot and an 117 iazy Susan bear-
ing from Ace Hardware, two speaker stands, and a
partner willing 10 rotate the platter white you are
listening and switching the amplifier channels.

A total of five separate tests were performed to
determine the subjective nature of the various as-
pects of diffraction.

Test #]—Twester Inse—the loudspeaker indusuy
has spent probably millions of dollars recessing tweel-
ers and other drivers over the years. The practice un-
doubtedly began because of measured differences in
surface-mounted drivers and inset drives, but also
has prohably continued as a cosinetic affectation that
goes along with the ever-increasing industrial design
aspect of loudspeaker manufacturing.

The test was simple: A/B compare two identical
tweeters (Vifa DX25TG05-04 17 soft domes)—one
inset flush with the baffle and the other surface
mounted. [ mounted both tweeters on the front
baffle of a 15.75” x 10" x 8" enclosure and cen-
tered them 3” down from the top of the baffle. 1
used the LinearX LMS analyzer 10 take 2.83V/1m
measurements of both examples with the on-axis
comparison depicted in Fig. 6. /40 and the 30° off-
axis curves shown in Fg. 6.[41 (both curves were
of the exact same driver), The on-axis difference
is rather substantial, but looking at the 30° off-axis
cuwrve comparison in fig. 6,147, it's obvious that this
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is very much an on-axis phenomenon.

Tost #2—DBuaffle Size—it’s a generally accepted fact
that smaller baffles sound different than larger baf-
fles, but exactly what subjective characteristics each
has should be revealing. For this test, and all the
remaining tests for this study, I used a pair of closety
matched 3” full-vange woofers (Tang Band model

i
\

\

6.139

W3-5945). These have a frequency response from
about 100Hz to beyond 10kHz, plus the off-axis
performance of a relatively small diameter cone. I
mounted one of the W3s in the 15.75” x 10" x 8”
enclosure baffle, 6” from the top of the baffle and
centered (vertically off-center from the middle of
the baffle}.

Inside the enclosure was another smaller sealed
enclosure, the same volume as the second W3 enclo-
sure. This was done to keep the bottom end response
of the two speakers as close as possible. The second
and sinaller enclosure measured 77 x 47 x 47 and
had the W3 mounted 37 down from the top of the
haffle and centered (see Fig. 6.142 for a photograph
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FIGURE 6.139: Piclure of the
rapid A/B comparison fixiure.

FIGURE 6.140: On-axis fre-
quency response comparison
ol aninset lweeler and a
surface mounted tweeler
{solid = inset, dash = surface
mounted).

FIGURE 6.141: 30" off-axis
lrequency response compari-
son of an insel tweeter and a
surface mounted tweeter
(solid = inset, dash = surface
mourded).

FIGURE €.142: Relalive size
companson of baflles used for
difiraction subjective Tesl 42.

FIGURE 6.143: Test 42
on-axis frequency response
comparison of driver mounted
on small baffle and driver
mounted on larger baffle {solid
= larger bafile, dash = small).

FIGURE

——y

6.144: Tesi #2
30° off-axis
frequency
response
comparison
of driver
mounled on
small baffle
and driver
mounted on
larger baffle
{sofid = larger

L6243

baffle, dash =

smal).
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of both enclosures placed side by side with the drivers
mounted}.

Both small enclosures had 100% Bl material,
which in this case happened to be Acousta-Stuf,
which is a good wide-range damping materiat for
enclosure volumes. The W3s were A/B compared
with the same driver height above the platter so that
the perceived image location would be identical.
Objective 2.83V/1m measurements of the 37 driver
on the different size baffle are shown in Fg. 6143
for the on-axis response and 6.144 for the 30° off-
axis response {both curves were of the exact same
driver). The ditferences in this case were strong
both on- and offaxis.

Test #3—Bafjle Shape—Over the years manufac-

turers and amateur builders alike have produced
cabinets designed to defeat edge diffraction with
bevels anywhere from %" roundovers to large 3-6”
straight, cormnpound, and curved bevel shapes. Ob-
viously, such exotic additions to plain rectangular
enclosures are both time-consuming and expen-
sive, although sometimes from an industrial design
aspect, very attractive cosmetically. This test com-
pared the standard 15.75” x 10” x 8" sharp-edged
rectangular enclosure using the W3 driver in the
same mounting position as Test #2 with the same
enclosure, driver, and mounting position but with
the addition of a 3” compound bevel (27 at a 45°
angle and 1" ata 60° angle).

The bevel-modified enclosure is depicted in Fig.
6.143. Objective 2.85V/1m measurements on-axis

6.145 6.148
FIGURE 6.145: Piclure of lhe
compound beveled edge balfie T |
for diffraction subjective Test #3.
FIGURE 6.146: Tes! #3 on-axis !
frequency response comparnison § (
of a compound beveled baffle :
and plain sharp edged baffle i
solid = plain baffle, dash = com- ‘ ‘
pound beveled baflle). ! ]
FIGURE 6.147: Tesl #330° I |
off-axis frequency response | /
zomparison of a compound bey- k l ! | .
led baffle and plain sharp edged —
alfle {solid = plain baffle, dash =
compound beveled baflle),
FIGURE 6.148: Picture of
yamed damped baffle for diffrac-
tion subjeclive Test #4.
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comparing the straight rectangular baffle with the
compound beveled baffle are illustrated in Fig.
6. 146 with the 30° off-axis comparison shown in Fig.
6.147 (both curves were of the exact same driver).
Differences on-axis are primarily below 2.5kHz on-
axis and extend Lo above 10kHz at 30° off-axis.

Test #4—Damped Baffle—the measurable effect of
a damped baffle was discussed in Section 6.40, so
this test was to confinin the subjeclive consequence
of a foam-damped baffle. The testinvolved the saine
two enclosures, W3 drivers, and mounting positions
as in Test # 3, but one baffle was 100% cavered with
the '4” Soundcoat acoustic damping foam (I3g.
6.148). Objective 2.83V/1m measurements of the
baffle with the foam and without the foam blanket
are given in Fig. 6,149 for the on-axis response, and
Fig. 6.150 for the 30° off-axis respanse (all curves
produced with the exact same driver). Differences
on-axis again are mostly below about 3kHz and ex-
tend to above 10kHz at 30° off-axis.

Test #5—Driver Baffle Location—The discussion
and simulations in Section 6.10A and B were aiined
at revealing measured SPL diflerences that occur
when the same driver is located in different areas
on a standard rectangular baffle. This listening test
was designed to reveal the subjective differences
that can be perceived from moving a driver to dif-
ferent locations on a baffle. Four locations were
used—the middle and top of the baffle along the
vertical centerline, and the same {ocations moved
to the far right side of the baffle (Fig. 6.151). Objec-
tive 2.83V/1m measurements were made of the var-
ious baffle locations with the W3 full-range and are
shown in Fig. 6.152 for the on-axis response, and
6.153 for the 30° off-axis response. The SPL varia-
tions ranged up to 4dB, and were apparent on-axis
out to about 3kHz and out to above 10kHz off-axis.

Testing required that the rapid A/B fixture be
located 6° from the nearest walls in a large 20 x 30
carpeted room with a vaulted ceiling, and oriented
diagonally rather than parallel with the wall struc-
tures. Nancy and I took turns listening to each com-
parative test and used a simple 1--3 scale 10 evaluate
the differences (note: this test was aimed only at es-
tablishing a level of perceptual difference between
the two choices and not a preference). A score of
1 indicated that there was no discernible differ
ence between the two choices. A score of 2 meant
that the change was detectable, but not significant
enough to matter. The highest score, 3, meant that
the difference was both discernible and significant.

Atthe end of each test using the rapid A/B device,
we then placed the two test speakers side by side
and A/B-compared the two speakers a few times in
this orientation and then reversed posilions and re-
peated the procedure. It is interesting to note that
with the really large amount of comparative listen-
ing ard voicing we have done together using two
samples in mone placed side by side in the same
location as just described, we both found the high-
speed A/B device to be very useful, but almost oo
slow. Acoustic memory is so brief that mstantaneous
comparison is almost a requirement to differenti-

ate between two sonic choices. The 0.5-1 second
delay that it took to rotate the speakers into place
was barely fast enough for either of us to feel totally
comfortable, which is the reason we did the side-by-
side comparison at the end of each test. However, at
the end of each separate test, we also took the time
to discuss what we each had heard and summarized
these details.

The results were very interesting, butl not unex-
pected.

Test #1—neither of us was able to distinguish any
difference between the inset or the surface-mounted
tweeler dome. Given the highly directional nature of
the objective measurements, it is not surprising that
this was the result. It 15 possible that the result could
be different with a multi-way speaker with the woofer
frames surface-mounted or recessed, bnt 1 tend 1o

6.151
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FIGURE 6.15%: Ballle
localions for subjeclive
difiraction Tesl #5.

FIGURE 6.152; Tesl
#5 on-axis frequency
{e5p0Nse comparison
of different balfle loca-
tions (solid = center
location, dol = top
offse! location, dash

= lop center location,
dash/dol/dot = cenler
offset location).

FIGURE 6.153; Tesl #5
30 off-axis Irequency
response COMQarison
of differenl bafiie loca-
lions (solid = center
localion, dof = fop
offsel location, dash

= top cenler logalion,
dash/dol/dot = center
offsel localion).

6.152
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doubt it. The primary reason for recessing drivers
would seem to be more cosmetic than acoustic.

Test #2—the large vs. small baffle test received
a 3 from both of us: definitely discernible and
significant. We both believe the larger baffle had
more warmth, but definitely less detail and tend-
ing toward “muddy.” The small baffle speaker had
less “warmth,” probably because there is less low-
frequency reinforcement and low-frequency (ap-
proximately 50-200Hz) emphasis. We both believe
that there was a significant impression of increased
detail with the small baftle. It’s no secret that small
baffles have much more pinpoint imaging in ste-
reo than larger baffles, but the increased detail is
certainly a function of less reflection and delay,
which are consequences of a comparatively small
baffle area.

Test #3—the vesults of comparing a sharp edge
baffle to a large beveled edge baffle was somewhat
unexpected. We both rated it a 3, definitely detect-
able and significant, but neither of us believe it was
so much an improvement as just a difference. The
sharp edge, often criticized for all the diffraction
it produces, actually seemed more “live.” Nancy
described it as having more “room tone” from the
recording.

We also noticed that the Jarge beveled edge
made the image (listening in mono) seem larger
and more spacious, but again somewhat dulled
by comparison. Obwviously, there have been many
extremely well-reviewed and popular loudspeak-
ers built from the lowly rectangular cabinet, and,
frankly, neither of us thought that this was a serious
handicap. As far as the large bevel goes, it definitely
changes things, but for better or for worse I think is
a matter of opinion.

Test #4—since I have used damped baffle confign-
rations on numerous occasions over these years in
my design work, I pretty much expected the resuls
of this test. We both gave this a resounding score
of 3, definitely discernitle and very significant. The
foamed damped baffle really made the driver sound
smoother, less edgy, and increased the sense of de-
tail in the music. Nancy noted it seemed to bring
out the midrange more. Her perception was likely
due to less high-frequency delayed reflection, and
the decreased high-frequency “hash™ would have
the effect of making the midrange seem more pro-
nounced.

Test #5—four A/B comparisons in terms of baffle
placement were done for this test as follows:

a. top center compared to middle center

b. middle center compared to top right

c¢. middle center compared to middle right

d. top center compared to top right

Mounting location comparison {a) rated a score
of 3 from both of us, definitely detectable and sig-
nificant. The center baffle position had more per-
cewved “warmth,” but the top position had a more
“open and airy” quality, undoubtedly caused by the
asymmetrical vertical polar response and the slight

upward tilt of the polar pattern. Mounting location
comparison (b) rated a 3 as well, but seemed less
prominent an effect than {a). Comparisons (c) and
(d) both rated a 2, were discernible, but did not im-
press either Nancy or me as being very significant.

Diffraction bhas always seemed to me as being
touted as mote of a “boogie man” than reality
would indicate. ] have frequently commented when
asked about the importance of diffraction that “the
diffraction caused by cabinet edges and baffle pro-
trusions is probably at least as hearable as the dif:
fraction caused by the vase your wife or girlfriend
put on top of your speaker, which is to say, not at
all.” While this may not be far from true, the ben-
efit from damping a front haffle is still a very real
and important tool for increasing the quality of
the subjective listening experience, but at the saine
time does not mean the undamped baffles are so
objectionable as to be unusable. Ultimately, it is an
eclectic combination of driver timbre, driver place-
ment, sharp or beveled edges, different baffle areas,
crossover and enclosure low-frequency design, the
degree of baffle dainping and the room interface
that describe the subjective experience.
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