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ABSTRACT
This paper describes the design and implementation of-avewaconstandirectivity wedge loudspeaker system
thathouss a single 120 woofer and ei ght sokdaurvddrbaflethtat s i n a

coversthe LF driver The curved baffle is open on either sidetlsat the acoustic outpuaif the LF driver and

ports can escape to the outsida individual system comprises a 20° wedge box with a-&hamnel plate
amplifier with two bridged channels driving the woofer, and the two other channels individually driving each
half of the eightdriver array. This basic wedge box is then used in multiplésrio larger circulasarc arrays of

one up to six boxes making arrays that provide various vertical beamwidths in the range of 15° to 90°.
Appropriate amplifier gains are chosen to smooth the polar coverage for each array size.

composed of multipl&0 mm @ bfull-range drivers
1 Introduction The full-range drivers arenounted on avide curved

This paper goe into detail on the design and baffle whichjustcoversa305mm( 1 2wvoofer.

implementation of a twmvay 20° wedge_ The woofero6s acoustic output
loudspeaker system that essentially forms a point the HF driverarray mounted on its curved baffle

source coax design. The systemcanposedof an forming a closely coupledssembly, The system is
eightdriver segmented .C|rculfarc high frequency crossed over quite low at about 400 Hz which avoids
array composed of multipl80.8 mm(2 pfull-range any frequencyresponse anomalies due to essentially

drivers mounted on a wide curved baffle covering a hiding the woofer behind theaffled HF array.

300 mm { 2) 800 Wwoofer. . ,

The box dimensions are about 0.5 x 0.5 x 0.4 m
The cabinet is vented and tuned to about 48 Hzby ( 19. 850 x 19. 75 ®) and hassa ) (H
four frontmountedcircular ports. loaded weight of about 29.5 kg (65 Ibs.). The net
internal box volume is about 0.045 cu m (1.6 cu ft.).

Thi ; f I
is bagc wedge box can be used form larger The 1206 driver sports a 40 di

circulararc arrays with onep to six boxes forming
arrays of 20° up to 120° which provide vertical The woof er cabinet i s a vent
beamwidthsn the range of about 15° up to 90°. di ameter by 90 | dthegcabjmetr t s on
in each of the four corners. The ventsak tuning is

a relatively low 48 Hz,that maintains strong

acoustic output down to 42 Hz, which is the
frequency of the open RAEO st
guitar. The top and bottom of the box are ladgat

10° from the horizontal forming a 20° wedge box

while the box sides are straight.

A built-in DSP fourchannel plate amplifier is used
to power the system. Two channels are bridged to
drive the wooferand the remainip two channels
drive the tweeters with the top four tweeters on one
channel and the bottom four tweeters on the other.

2 Detailed System Description The sics of the box contain cabinet handksd

The system is comprised of an eighiver pin-locked stacking hardwartat allow cabinets to
segmergd circulararc high frequency array


mailto:DKeeleJr@Comcast.net

Keele and Sarvis

be stacked and also attached to subwoofer cabinets
for increased E output below 50 Hz.

The unique shape and contour of the circalar
tweeter array on the front of the box insures that
when the boxes are used in multiples, that the
tweeters form a larger seamlessand perfect
segmented circulararc array. This insures
uniformity of verical coverage for all the array sizes
provided various vertical beamwidths in the range of
15° to 90°.The horizontal beamwidth o&ll the
arraysis wide at about 1® which ismaintained up

to about 10 kHz.

3 System Implementation

This setion describes the design of the high
frequency (HF) array (subsection 3.1) and the
wedge enclosure itselfwhich houses the300 mm
(1 2) avoofer driver, and the HF arragub-section
3.2.The HF array is oriented vertically and centrally
located over th800 mmwoofer.

3.1 High-Frequency Array Design

The HF array is composed of eigls 0 . 8 mm
full-range drivergactual ODof driveris 55.9 mm or

2 . 2Adrcular-arc angle of 20° was chosen which
matches the wedge angle of the {requency (LF)
cabinet.

It is noted that multiple boxes from two up to six can
be attached withpin-loaded rigging hardware to
form larger arrays with circulearc angles of 40° to
120° providingvertical beamwidths of 30° up to 90°

The HF assembly housing 8 drivers is shoxan3D
CAD in Fig. 1. The total array height is abd&04.2
mm (19.850) .

The design of the 20° array was chosen so that when
multiple HF units are stacked in a circular arc that
total array maintains constant -certecenter
spacing among all the HF driveisffectively when
boxes are stackethe array is just simply larger and
maintains seamlessansitions between each single
cabinetand the next.
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Fig. 1. 3D CAD image of an assembly of eight
50. 8 mm -réngeodjiverdnal2® circular

arc. This array is mounted over a 306m ( 12 0)
woofer forming essentially a pseudoaxial
design.

3.2 Enclosure Design

The following subsections descril#etails of the
wedge cabinet which houses the lorequency
driver, highfrequency array, a pte amplifier, along

'Ehovgrious other miscellaneous items like handles,
and rigging hardware, etc.

3.2.1 3D CAD Images of Cabinet
This subsection displays several 3D CAD images of
the system including a front view, oblique view, and
inside view.

Fig. 2. CAD image of cabinet front view with

eightdriver array in place over woofer driver and
four frontlocatedcorner ports. No curved baffle

on either side of the HF driver array is shown.
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Fig. 3. Oblique 3D CAD view of cabinetwith
eightdriver array in place, fourfront-mounted
ports, and details ofhe side handle and pin-
loaded cabinet stacking hardware. Again,o n
curved baffle on either side of the HiFiver array
is shown.

Fig. 7. Oblique view of prototype cabinetith four

front-mounted circular ports located in each corner

of the front. The cabindhcludes acurvedfront

metal bafle that covers the whole front of the

cabinet. The metal baffle is solid for roughly 127

mm (50) on either si de of t h
perforated the rest of the way so that the acoustic

output of the LF driver and ports can escapth&o

outside.

3.2.3 Port Implementation

One of the most difficult problems to solve was
where to locate the ventdmbx ports to minimize

windage and aichuffing noises. Several locations
were triedincluding rear and sidend the best result

Fig. 4. Inside CAD view of cabinet with sides and was achieved with ir 5 0 . 8  marcularorts
rear hidden showing the four frenmtounted located orthe front panel

circular ports. Each of the four ports are 50.8 mm
(20) in diameter and 228. @ocating th® Ports dnahedront is a excellent choice
that insures all sound issues from the front of the

3.2.2 Prototype Cabinet Photos cabinet and allows great flexibility in locating the
This subsectiondisplays three photos of the cabinet so the side or rear ports act covered up.
prototype gstem incuding afront view andtwo The previous Fig. 4 shows an inside view of the
oblique vievs. cabinet with the four 228.6

place.

3.2.4 Box Splay or Wedge Angle

The box splg or wedgeangle was chosen so that

that a single box would have a beamwidth of about

15°. Thisimpl i es t hat talceanglb o x 6 s ¢
must be about 20° because the beamwidth of a

shaded array is about 75% bfé¢ array 6és <circu

angle [1.
Fig. 5. Front view of prototype cabinet constructed Unfortunately as pointed out later in the array
of 19 mm Baltic Birch plywood. This photo was shading section, it was not possible to provide any
taken before the ports were addedthe front of shading for the single eighdriver array because of
theenclosure. amplifier hookup and thus the beamwidth of a single

box was roughly 20° (see later sub section 6.1 and
the simulated polar results in Appendix B).

3.2.5 Stacking Hardware

Simple sidemounted piAocked stacking haware
was chosen to attach cabinets together in an array.
The hardware also allowed the arrays to attich
subwvoofer enclosures teextend the lowfrequency
responsef an array below 50 Hz.

Fig. 6. Oblique view of prototype abinetbefore
ports wereaddedon the front.
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The next two figures show CAD images of two tweeters with the top four tweeters on one channel

boxes attached todwedr (Fig. 8) andilso show hova and the bottom four tweeters on the othEne high

four cabinet arragan be hung below two subwoofer  power of the buiin amplifier insures that the

cabinetqFig. 9). complete system can reproduce very high peak
SPLs.

The amplifiers have vergrofiient DSP capabilities
including FIR, IR, parametric EQ, all pass, shelf,
high- and lowpass filters, delay, andnfiting, etc.
Complete networking control capabilities are
includedwith Ethernet or Dante.

5 Array Shading

The gains or weights of thelF driver amplifiers
were carefully chosen to maintain smooth and
consistent polars for each of the array s[dgs

Notethat all gains are symmetrical-glown with the
highest values in the center and the lowest values on

Fig. 8. CAD image of two wedge array cabinets the end.
attached togetherwith sidemounted stacking . . .
hardwareforming essentially a singld0° array Each box has two gain values associated with the
box Note hav the two 20° eightriver arrays two amp channels powering the lower and upper
seamlessly combine to form a single 40° circular tweeters in the array respectively. The following
arc array. gain valus were set for each array size:

1. One box: 0, 0 dB,

2. Two hoxes:-6, 0, 0,-6 dB,

3. Threeboxes:-7.6,-2.2, 0, 0-2.2,-7.6 dB,

4. FourBoxes:-8.8,-3.8,-1.2, 0, 0-1.2,-3.8,

-8.8 dB,

Five Boxes:-9.5;4.9,-2.3,-0.7,0, 0,-0.7, -

2.3,-4.9,-9.5 dB,and

6. SixBoxes:-10.1,-5.9,-3.3,-1.6,-0.5, 0, O,
-0.5,-1.6,-3.3,-5.9,-10.1 dB.

As pointed out before in prior resear¢f], this
amplitude tapering or shading goes a long way
towards smoothing and minimizing side lobes in the
polar respore of loudspeaker array$he following
figure illustrates all the amplifier gain values for
each array size.

o

-10.1d8

el oa o om S s
Fig. 9. An example of four 20° wedge boxes oo e
mounted to the bottom of twsutwoofer cabinets 1 Box 2Boxes 3Boxes 4Boxes 5Boxes 6 Boxes
(not describedin this paper!). The bottom four
cabinets essentially form a single 8fifculararc Fig. 10. lllustration of arrays that can be formed
system with 32 HF drivers. with a multiple 20° wedge bres using fran one
up to six boxes. Array icculararc angles range
L . from 20° to 120° with associated vertical beam
4 Ampllfler Information widths ranging from 15° to 90°Each array
A built-in DSP fourchannel 500 W per channgt depiction shows the shading amplitudes for each
Ohm load)plate amplifiermounted on the rear of the half of the box.

cabinetis used to power theystem. Two channels
areseriesbridged to drive th& Ohmwoofer at 1000
W, while the remaining two 500 W channels
(actually 250 W into an 8 Ohm loadjrive the
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6 Array Simulations

The array simulationshown in Appendix A and B
were acomplished with a poirsource compier

model described in [2Section 3.1 andection 6
(Appendix)].

For single and multiple box arrays several
simulations were accomplished including: 1)
beamwidth, 2) directivity factor and directivity
index, 3) power los, and 4) vertical polars
Althoughhorizontalpolars were simulated, these are
not shown.All these parametensere calculatedat
onethird-octavecenterfrequerties

The simulations includenly the upperfrequency
portion of cabinet which includes onlyhe small
eight widerange drivers.All simulations assume
that each small HF driver is modeled with two point
sources making a total of 16 sources per cabiihet.
cabinet or baffle diffractiorffects werancluded in
the pointsource model. Thepointsouce arrays
simply operate in free space.

All the simulated datashown in Appendix A and
Appendix B of this papeis briefly described in the
following subsections:

6.1 One Box Array

The singlebox array includes eight HF sources
modeled with 16 point sourceRemember that due
to amplifier restrictions, no shading exists for this
box; all HF sources are equallyriven with no
shading.As a result the polar simulations of the
single box are the poorest of all thrulti-box arrays
(which do include significant®ding)

As pointed out in [B an unshaded circularc array
was second only to a shaded circubnc array but
vastly better than an unshadstraightline array
which was ranked in last place

6.1.1 Beamwidth, Directivity, Power Loss

This information for d the arraysis shown in
Appendix A.

This onebox beamwidthdata is shown In Appendix

A in the first row The vertical beamwidth
essentially stabilizes at about 20° above 6.3 kHz but
reaches a midrange dip of about 13° at 5 KHzs

dip is a well known mblem of all unshaded
circulararc arrays[3, Fig. 6] and hasts origins
going back toradial and multicellular horns [4
Figs. 6 and 10]

The horizontal beamwidth is 36@5r the single box
and array and all theemainingarraysbecause of the
omnidirectional point sources used to model all the
arrays.

Designof ConstantDirectivity Wedge Loudspeaker System

Above 800 Hz he directivity index and factor
steadily rise up to 4 kHz where it reaches a patak
about 6.3 kHz and then fallst higher frequencies.
This erratic behavior is due to the many lobes
exhibited by the vertical polar responggeevertical
polars innext subsection).

The power loss steadifalls above 6.3 kHz.

6.1.2 Vertical Polars

The singlebox vertical polars shown ithe first
column in Appendix B illustratemassive offaxis
lobes at frequenes above 1 kHz. Again as
mentioned before, this is due to the absence of
shading! At 12.5 kHz and above, strong-afis

grating lobes appear where the CC source spacing is

greater than onbalf wavelength.

6.2 Two up to Six Box Arrays

As before, this simul&d directionalinformation is
shown in Appendices A and B. In general, as the
number of boxes in an array incregsém® shading
gets better and Dbetter, less granular, and
approximagsthe continuous Legendre shadingato
higher degree.This means that allsimulated
characteristics improve significantly the higher the
number of boxes in the array.t 6 s
and abovevhere the data gets roughd chaotidue
to the appearance of grating lobesd CC spacing
issues

6.2.1 Beamwidth, Directivity, Power Loss

Appendix A illustrates that althese parameters
vastly improve as the number of boxesthe array
increases.

As the number of boxes increasehet vertical
beamwidth approachea straightline with just a
slight hint of midrange narrowingAs expe&ted, the
vertical beamwidthvalue increaseswith t h e
circulararc angle. The indicated beamwidth values
are roughly: one box: 20° two boxes: 30°, three
boxes: 45°, four boxes: 60°, five boxes: 75°, and six
boxes: 90°.

The directivity above 300 Hzorrespondingly gets
flatter and better behavedas the number of boxes
increase As expected,hte directivityindexis lower
for the wider angle arrays from 10 dB for a single
box to about 2 dB for six boxes.

The power response in tugets better and ket as
the number of boxesncreases reaching a very
smooth rolloff ¢ 3 dB/octave above 300 Hz.
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6.2.2 Vertical Polars e — =]

the number of boxes in the array increases, the =
vertical polarsshown in Appendix Bshow vas
improvement with increasing array siz¢.12.5 kHz

the grating lobes actually disappear with increasing
array angle. At 16 kHz, all the polars exhipiating
lobes and a chaotighape!

7 Array Measurements

A complete set ogpolarmeasurements were Hated =
on the cabinet with amautomated polar measuring  L==== = M
setup shown in the following figure. Unfortunately, .

measurements on a larger number of boxes were not ~ Fig. 12 Polar map Isoba) data measuremenf a
completed because to date (Sept. 7, 2017) only a  Singlebox.

single prototype bokas beeronstructed.

—

8 Conclusions

This paper has shown that a wgmacticalconstant
coveragdirectivity wide-range wedge loudspeaker
systemcan bedesigned andonstructedthat when
used to form larger arrays can provide various well
behavedwider coverage patternsvith extremely
uniform verticaland horizontatoverage.

An individual system is comprised of an eight driver

circulararc highf r equency array cover
driver. The system is in effect a coaxial design

providing a very welcontrolled vertical patterwith

a verywide horizontal patternThe overall system

provides broadband 45 Hz to 15 kHz response and is

very versatile due to its builh plate amplifier that

is controllable viaDante or Ethernet. Sidmounted
pin-loadedhardware is included for easestécking.

Fig. 11. Measurement setup for gathering- amd
off-axis frequency response measurementhie
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Appendix A: Table of Simulated Array Beamwidth, Directivity, and Power Loss
for Arrays of One up to Six Boxes:

Number Array Beamwidth vs. Directivity vs. Power Loss vs.
Boxes (With Box Frequency Frequency Frequency
Shading)
and Arc
Angle
1 i : :
0dB g : )
o ; : g H & K
20 0dB ol g 3 g
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I f | &
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LT 1000 10K 20K Froquency - Hz 1k 10k 20k
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4 £ : ?
v = £
° g E P8
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el F z g
i i | 8
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@ 20 100 1000 10k 20k Frequency - Hz 20 100 1k 10k 20k
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5 ] = [DIRECTIVITY iNDEX and @) ?
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Appendix B: Table of Simulated Vertical Polars for Arrays of One up to Six Boxes:
NOTE! These polars are hard to see at normal page sizes, to view them in detail just expand itbe! page s
This table shows simulated vertical polars of all six array sizes at octave centers from 630 Hz toplisithiz,

highestfrequency simulatedolars at 12.5 kHz and 181z. Array sizeis plottedacross and frequendy plotted
down.

Frequency One Two Three Four Five
Hz Box Boxes Boxes Boxes Boxes
630 HZ = 60" B = +60° . il 60" . = 50 B
-/ | | | &
1.25kHz | =L
| Gyl | .

2.5 kHz | =\
W)
5 kHz
10 kHz
12.5 kHz
16 kHz
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