mmayiug wwultiple [ull-range
loudspeaker systems 2 pro-
duce increased soundpres-
sure levels, wider coverage
or boih is nol a siraightfor-
ward proposirion. Whereas
a single loudspeaker can be
designed to racembie a poiut source,
severdl suel sources connecled Lo a
coherent audic signal will always in-
rteriare with sach nthar. Fram 3
hatensr's perspective, the zinoals in-
terfere with each other because they
are arriving from every one of these
sources and are traveling from differ-
ent distances and directions, making
for anything but uniform coverage. For

Figure 1. Typical overlap areas of a
conventional array in thehorizon-
1;; plane at frequencies from 2 kHz2 10
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HOW LDUDSF‘EAKERQ WORK

Taking the “virtual”
- out of anrays

Rebuilding your loudspeakers may prevent overlapping .
of sound at lower frequencles.

lastagce. ai & specific Irec&uency. a
signal from one sourte could torally
cancel the signal arriving from another
source thiat happens 1o be a hall wave-
length farther away or closer. This
tatal cancellation is an extreme tuse,
bur partial cancallations and rednforce-

‘ments al dilfersal Irequencies 1o a

largerorsmallordegree sccurthrough-
out the audience area. The audible
gffacrs are nftan pronounced changes
in frequency responsa us 4 fuaction of
Wistonipg positions within the intended
coverage area, Unfortunately, our hear-
1oy gyetetn is Yuite xenyitive to clivuyes

0 frequency responsc,

Coavex circular arrays have bacome
the srandard soludon for minimizing
these intarfarence problems. In these
arrays, the loudspeakers are equipped
with acoustical horns that aim the
higher frequendes into a imited conl-
cal epace, and then Individual lond-
speakers are splayed Lo poinl these
Covarage cones away [rom each other,

At leas! at thase specially controllad
Iraquenciex, usnally above 1 kHz fo
2 kHz, large aress wilhin the coverage

. fiell ger a graater amount of direct

sound from only one hom, This minl.
mizes interference effects from all

other armay sources.

However, Irequencies below 1 kHz
are not easily directed and therefore
usvally have mare interferences it any
array. Also, because high- and mid-

" Flgure 2. AL8-1 predictions of interference

patternc at throe diflerent fre-

gquenoies, Forward gain of 10 dB and quite savére interfprencs otdurs o

higher frequencies.

.
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frequencyhoms cutoff gradually, there
will always be areas of notceable over

lap. loterferences at frequencics above -

1 KHz in the overlap areas can be just
as pronounced as rhey are at lower
frequencies throughoul the eofire ate
disnce area.

Althongh acoustical horns can be
aimad =nough away from 2ach other
to Keep the sound-pressure levels at
mid- and high-frequencies rouyhly con-
slant (hroughoul the ¢coverage arca,
lower frequencies overlap and rein-
force each other more as frequency
decreases. This ellecl gives larger ar-
rays an undesirable boost at low fre-
quencigs, and anywhere ontside the
divect mid to highfrequency horn cov-
erag,‘:., low frequencies prevafl audi-
biy. Low-frequency overlap eflects and
bias can be cantrolled to soma degres,
but ncfther can be eliminated, No wons
der nobody claims perfoct perfor-
maacs, even [or circular arrays.

Is there & way
around Intarforancac in anays?

A new melhod ol arraying comcs
much closer to ideal array coverage
than has praviously been achieved
evan wilh (he best available conven-
tlonal systems. This new array com-
structipn is incorporated into two
Renkus-Ieinz TRAP series, The larger
TRAP 40 gerles, with conirol above
1 kHz, has modified’ Renkus-Heinz
Coantrani horns and a singie 15 inch
{381 mun) wooler, The smaller TRAP Je.
saries, with coateal ahove 2 kHz, nees

Renkus-Heiuz Camplex-Conic horns

and a single 12 Inch (305 mn) wooler.

Quantifying array interierences
In 1585, Renkus-Heiny comunissionad
Rex Sinclair of Siaclalr Consultants o
write a compurer program ta calculare
and graphically display zeaeral array
parformance, This simple lobing pro-
gram, ALS-1. has been very useful for

custom line array designs and predict-

Kooz
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Figure 3. Doubling the splay betwasn
tha cabinets 1o 60° reduces Intartar-
ence areas and Improvies even cover-
age. The coverage angle is increased
to 180°. Thig wider and more uniform
ooverags comes st the expense of
10 dB of forward gain.

ing directional chiaracleristics of low-
frequency line arrays.

In a typical conventional coaves cir-
cular array, rach high-fréuency hom

_is designed for 80° horizantal covers-

age with 3 eutoff frequency of about
1 LMz, and the loudspaaker cabinsts
are made with a 15° horizoalal aray
angle, The thme cabincts are close-
coupled, meaning their 15* sidestonch.
This selup results i a splay of 30

" berween the tabinets. Tolal intended’

«& dB coverage is 120°,
One: would assume thag this 30" splay
wilh 60' horps 12 tdeal. Indeed, the

INTERTEC EPI™
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Figure 4. ALS-1 resbits ot 1 kHz, 2 kHz snd 4 kHz At higher irequeneiés
Individual horns are now clearly discernible. Note that remaining interfer-
ences degpen with increaging frequengies.

commonly used 15° cabinets atrongly
suggest that for optmum array parlor
mance, the lovdspeaker cabiners
should be arrayed close-couplad. How-
evey, this is nol \he case at all,

- Figure 1 shows the typical averlap

‘areas of a conventicnal arzay in the.

horizontal plaue al [requenciss from
2 kHz 10 20 kHz, Fieure 2 shows ALS]
predictions of interferance patloras at
three ditferent Irequendies. Forward
gain of 10 dB aud quite sovere interfor-
ance octurs at higher frequencies.
Tharelaze, this 15 not tha beot arranye-
ment for even coverage. However, if
forward gain i3 important, then this
arrsy configuration will work

It is possible o improve by exper-
menting with splsy angles. Figure 2

suggests 2 splay angle lamrer than 30°
might show an improvemet, For mini-
mum interference ateas and most even
coverage, doubling the splay betweeu
the cabiners 10 60°, as shown in Flgure
3, vields much betrer results. The cov-
qrage angle is increased to 180", This
wider and more uniform coverage
comes at the expense of 10 4B of for-
ward gain. {See Figure 1.)

Figure 4 ghows the ALS-1 results al
] kHz, 2 kHz and 4 kHz. At higher
frequencies individual horns are now
clearly discernible. Note thal remain-
Ing interlerences deepen with thereas-
ing frequancies, Array performance aa
show is typically rhe bast that can be
expected- A larger splay angle will
cause lack of coverage in betwesn

£

PLEASE REMOVE HOLDING LINES

sonic systems

0CT-17-19%%

G5 S&VC Oct. 20,1986

14:25

Cimis {33 on Hapxi Facts Card

312 922 1498

F.&3




10CT 17 ’96  B3:11PM INTERTET PUBLISHING

Figure 5. The wavefronts as they ra-
diste from the points of origln, Typh
¢ally, thegse points are geparated in
$pace, and tne jllustration clearly
shows why mterferences will nappen
at the coverage boundaries.

horos; sataller splay angles ineraase
the areas of interference,

Flgure 5 fllustrates the wavefronts as
they radiate {rom the points of origin:
tlie poinl in cach of the three horns
{rom which the sowid waves seem to

- nriginate. Typically, (hede points ars
geparatedin space, and Flgure 5 clearly
shows why interferences will happen
at the coverage boundaries,

The placement and localion of these
points of urdgin Ly arrays turns out to
be the &l] important key 10 any im-
provement in avayperformance, What
wauld happen to the three wavelronts
in Figure 4 if their points of origin
vauld be made te coincide? Mgure 6
shows this theorstical case, wiich

B8 SAVeC Ocl. 20.1096
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for the thrae wavetronis in Figure 4
coinclde, this sdives interferenc
problams. .

would solve Lz intexferenceproblame,

Scparated vertically, horns havebeen
splayed as shawm in Flgure 6. How-
ever, the vertical displacement means
that 1n the vertical direction one would
again hove a physical separation of the
paints of origin, which again equates
with Interference patierns,

. Have sl points of arigin toincide in
. one point in space

Of course, this Is easicr said than

done, Loudspeaker system destgn Im-

poses physical restraints, making this

ideal caseunattainable. However, once,

the princple is uiderstood. a practi-
cal solution can come close anough to
the theoretical one to significantly

312 922 1488
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cablnet impraves array performanca.
Note that for the same nominal cov-
srage of 120° four ¢nbinels are now
required, :

Luprove conventional designs.

By inspecting Figures 6 and 7 it be-
comas clear that londspeaker cabinels
with an scouslic origin moved very
close to the rear of the cabinets showid
make [or betrar array performance. To
understand how Lus iight be done,
let's rake a closer look at conventional
coustanl coverage horns,

Most consrant direcniwity horns ox-
hibit astigmatism == their apparent
points of origin are different in the
horizoulal and vertical planes. Typi-
cally the apparent apex in the wider
covarage plang ig farther forward lo-
ward the mouth of (he horn, and the
apperent apex lor the narrower cov-
erage plane is back roward the

98 F.Ba
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throat. Most, if nut all, Lypical array
loudspeéakers are designed with the
popular 60’ (herizontal) = 40° (verti-
cal) horns, which put theé apparent

' apox quite forward. With this infor-
mation i mind, Renkus-Heinz real-
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ized & better array could be inade
one used (ha incarian al the vertical
apex for the horizoulal plane,
Figure T shows new horns with the
apparenl apex located almost to the
rear of the cabinet. This {3 how we

Figure §. ALS-1 simulation of the TRAP construction.

clugter of throe

3, A TRAP
$ource with even fragushey response throughout its coverage,

igu
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improved on array perfermance.
Noie (hat for the same nominal cove
erage of 120", four cabinets are now
reguired, No pain, no gain!

Figure § shaws the AL3-1 simula-
ftion of this new TRAP cuorslruction,
A comparison with Figure 2 shows
significant improvaments in Inier-
[erence av all Irequencias,

The horn desiyu ol e TRAP 40
aeries cabinets ensurcs broadband
pattern coatrel down 1o the fre-
quency at which mutual coupling
between adjacent cahinets ¢esases.
Its eabinet desigu provides optimum
splay angles and malntains coincl-
denr acoustic ceaters lor adjaceni
cabinets. A TRAP cluster of thres
behaves as a vouslani 'directivity

poinl source with ¢ven frequency |

response throughout lls coverage.
Figore § shows measured horizontal
and vertical polar responses.

With new designs, considerable im-.

provement in array parformanctais pos-
gibla. Frequency response variatious
within the inrended caoverage arca
van be held to =4 dB. This perfor-
inance i possibla out of the box with-
out applying micro-delay or frequency
shading tedmiques, ST

Huing is chial saginesr Jor loudsponiicr my-tonc ol Ronlao-

Neduy, brvim, CA
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