REPUBBLICA ITALIANA

UNIVERSITA DEGLI STUDI DI PARMA

DIPARTIMENTO
DI INGEGNERIA INDUSTRIALE

[-43100 PARMA - Viale delle Scienze
Tel. 0521 - 905701 Fax. 0521 - 905705

Test Report n° 03/99
Consisting of 11 pages

Parma, 20 March 1999

Claimant: Sound Corporation s.a.s
Via Monti Urali, 29
42100 Reggio Emilia(ltaly)
P.IVA 00721540367
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0. Introduction
At the request of the claimant, dated 5/3/1999usatio tests have been carried out on a loudspeaker

produced by the claimant, calllttecker Sound Double Array Series mod. Cross Fire AS/120. T#is i
a special sound loudspeaker, consisting of two hameters and a square woofer equipped with 64
speakers, set out in a square matrix. It is intdrfde horizontal installation, facing downwards,sach a
way as to produce high volumes below it, but, atdhme time, limiting sound emissions laterally.

The tests were carried out following two methods:

B Measuring the polar dispersion diagrams (“diretticirves”) in a simulated free field, using a titg
table and the MLSSA system of analysis.

B Measuring the sound level spectrum produced at fr&mthe ground by the sound loudspeaker when
installed in its operating position (suspended.anBfrom a reflecting floor, facing downwards) ajon
two orthogonal directrixes.

The first measurement quantifies the propertiegh®foudspeaker’s directive emission: these data ar
required, for example, for use in simulation progsaof hall acoustics. The second measurement,
meanwhile, tests experimentally the behaviour ef ibudspeaker under effective working conditions,
taking into consideration the floor reflection, taghich has a significant influence on sound scige
given the particular use required of the speaker.

The RAMSETE calculation program has been used toycaut the calculation of the
three-dimensional directivity “balloons”, which aralispensable for simulating the sound propagation
closed environments with simulation programs.
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1. Instrumentation used.

The following equipment was used, after checksiedwwut in the Laboratory of this Department:
e Epson PC-AX3S Personal computer with MLSSA dataussitipn board
« Larson Davis Spectrum analyser in real time, m@®€0, with Larson Davis %" microphone for free

field.

All these instruments were checked and calibratstih the department laboratory, using reference
instruments with O class precision (Bruel & Kjapestrum analyser, type 2133, and a B&K sample syurc
type 4230).

2. Tests carried out

2.1 Polar scattering diagrams

The polar scattering diagrams were obtained byiqdathe sound source on the rotating table,
synchronised with the MLSSA board, which commartds rotation in 10° steps. The microphone was
placed on the floor, in such a way that the floeflection was not influential for the measurement.
Reflections off the other test walls of the laborgtwere made non-influential by use of an appwtprtime
window, applied to the impulse response measuréadéhe FFT analysis.

The sound spectra in narrow band (FFT of 16384tgpimere used to calculate the levels in octave
band and “third-octave”, which gave the polar sraiy diagrams, normalising at 0 dB the sound kirel
the direction of greatest emission.

The two figures below report the overlapping dirgtt curves in octave bands.
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The following tables show the directivity data thitd-octave” bands:
Lateral plane
Angle| 31.5] 40 50 63 80 10 126 160 200 2p0 315 00 pH00O0 |68B00 | 1000 1250] 1600/ 2000 2500 3150| 4000| 5000| 6300 8000 10k | 12.5K 16k
0° -3.6| -0.2] -0.3] -0 0.0 0. 0. 0p ofo go .00.0 | 0.0] 0.0 0.0l 0.0 04 0. op o0 -jo -0.2 -1.8.3]-13.1 -6.0| 00| 0.0
10° | 6.2 -1.2| -0.6f -0 -O. Ol -0 -0)2 -3 40 -0.7] -1.1| -1.8 -3 -6. -9. -8R -816 -06 1-9.-11.4f -09| -0.2| -0.8| -04 -0 -0. 34
20° | -5.1| -04| -021 -0.1 -O. -0p -0f7 -0]8 -11 51 -24| -40| -6.7[ -124-79| -87| -52| -6.1 -43 -0. -4p -216 00 -3.7 51 -27| -2.6] -3.3
30° | -35| -0.2| -04 -0 -0. -1 -183 -6 -42 .2-3 49| -8.7| -16.4-15.5|-12.6|-11.2|-16.1| -3.9 | -7.4| -2.1| -46 -4Q -2. 2.  -4l6 -216  -3.46.9-
40° | -40] -03] -05 -0.9 -1. -1.p 2R -2)7  -38 4% -8.6]| -16.1 -18.7|-12.9(-13.4| -11.8| -10.5| -7.2 | -3.8| -48| -6.6/ -84 -3. -4p -3]6  -53 -1.49.7-
50° | -41| -1.0| -12 -14 -2. -2y 338 -41 -§6 .0-$-13.0|-23.8|-15.1|-15.7-17.2| -13.8| -16.7| -5.1 | -5.3| -6.7| 9.1 -9§ -7. -7p 64 -7l 98122
60° | 44| -1.1] -15 -1§4 -2. -3.fy -4f7 516 -7.71.41)-18.5|-20.6| -15.6 -20.5(-19.1| -16.0{ -21.4| -8.7 | -6.4| -10.] -10.5|-12.6(-11.0{ -10.4| -10.9] -11.1) -12.9| -13.7
70° | -25| -0.7] -1.8 -24 -3. -4. -6J1  -7}4  -99 4.4 -23.5(-19.4| -18.0| -23.6| -14.8| -17.2| -19.2| -7.5 | -7.1| -10.§ -14.2| -16.7| -14.1| -15.3| -14.7| -16.8| -17.2| -18.2
80° | -3.0] -0.7] -19 -24 -4. -6.p -7§8 -9|2 -1p37.3)-25.8|-19.9|-20.8|-24.7(-16.5| -19.6] -20.2| -9.1 | -9.3| -13.1 -15.1| -19.9(-17.5| -20.2| -19.7| -23.0| -21.7| -23.7
90° | 42| -1.4| -25 -3 -5. -7.4 955 -11.34.8|-20.2)| -25.8| -21.1| -23.2| -25.5( -18.1| -22.4| -22.7| -12.7| -13.3| -17.0| -18.1| -23.9( -21.3| -25.6 -24.5| -29.3] -30.4| -30.4
100°| -6.8] -3.2| -3.9 -4. -6. -8.p  -11.113.1|-17.1 -22.7| -25.4| -22.5| -24.9| -26.6| -17.6| -22.5 -23.7 -14.1| -16.3| -20.1] -22.4| -25.9| -25.7| -31.7| -28.8 -32.5( -32.9| -37.7
110°) 41| -16/ -3.1 -44 -6. -9.p  -13.015.4| -19.6 -25.1| -24.8| -23.6| -26.4| -30.5| -17.0| -21.5( -23.7 -16.5| -18.9| -22.8] -23.7| -27.3| -29.2| -34.6| -32.0( -36.4 -37.7| -43.0
120°) -3.3| -19| -394 -514 -7 -10{414.4| -17.4| -21.9| -28.0| -24.6| -24.4| -28.2| -32.2 -19.7| -23.4| -29.5| -17.2| -19.0| -25.9| -25.3| -28.8( -31.2 -34.3| -34.0| -38.7| -41.8| -43.7
130°| -3.5| -2.2| -42 -54 -7 -10{414.8( -19.0| -22.9| -31.8| -24.9| -24.0| -28.4| -29.4( -18.9( -26.3| -28.0| -20.3| -24.4| -26.9| -25.7| -32.6( -34.5| -37.8| -35.8| -40.0| -40.3| -42.7
140°) -3.1| -1.4| -35 -594 -7 -10{514.6 -19.6| -22.6| -34.0| -26.5| -24.4| -27.8| -31.0( -18.2 -27.8| -32.2| -19.4| -27.8| -29.0| -24.3| -29.6( -36.5| -41.9| -35.9] -40.9| -41.3| -43.5
150°| -2.0| -1.3] -3.71 -54 -7. -10{213.9( -19.0| -20.9| -29.5| -29.7) -27.1| -29.6| -36.6 -15.5) -26.7| -32.0| -25.0| -24.8| -26.9| -24.6| -31.2| -37.6 -40.4| -39.2| -41.3| -41.1| -44.4
160°| 0.0| -0.7] -39 -51 -7 -9.f  -13.018.2| -19.5( -25.9| -35.6] -32.1| -33.4| -33.6| -11.6| -26.1| -29.6( -25.0| -27.6| -25.9] -26.0| -32.1| -36.5| -40.6| -40.7( -42.5( -43.2| -45.7
170°) -1.6| -1.2| -3.8 -54 -7 -9.f -14.917.7|-18.6 -24.3| -35.5| -29.9| -27.0| -33.7| -20.6| -25.0( -33.7( -30.4| -23.7| -27.5| -28.0| -26.7| -35.2| -42.0| -42.1| -44.5| -42.7| -44.0
180°| -2.2| -1.1] -35 -54 -7 -9.f  -14.717.3|-18.9( -24.9| -35.5| -28.3| -24.6| -31.1| -26.1| -27.5( -27.6( -20.8| -26.3| -24.5] -26.5| -32.4| -38.9| -42.6| -40.6( -43.9( -43.9| -42.8
190°) -1.2| -03] -3.0 -51 -7 -10{013.1 -18.2| -19.4| -25.7| -36.8| -30.3| -28.6| -34.0( -14.3| -26.1| -30.7| -24.4| -25.7| -21.9| -25.7| -28.4| -37.8 -41.7| -40.9| -42.7| -44.5| -43.1
200°)| -1.8] -09| -34 -53 -7 -10{013.4 -19.0| -21.0| -28.6| -33.6| -29.3| -31.3| -33.1 -11.5) -29.3| -31.6| -25.0| -29.7| -24.1| -27.4| -28.8| -37.8 -41.3| -38.4]| -43.8| -43.6| -44.5
210°| -3.2| -15| -3.6 -53 -7 -10{214.1 -20.2| -22.7| -32.9| -27.9)| -25.3| -27.6| -35.4 -17.0{ -30.7 -31.2| -22.3| -27.6| -27.1| -25.6| -31.2| -35.3| -38.9| -38.0| -40.0| -42.6| -44.3
220°| -3.1| -16/ -3.6 -54 -7 -10§314.7| -20.3| -24.0| -32.5| -24.9) -23.3| -26.8| -30.8( -14.3| -30.6 -29.8| -21.6| -22.8| -32.9| -24.9| -31.4| -33.9| -36.1| -38.3| -40.4| -41.5| -44.6
230°| 43| -16/ -3.3 -4§4 -7 -10{314.8 -19.3| -23.2| -28.5| -23.8) -23.2| -26.9| -30.1( -16.1 -27.6| -27.4| -19.0| -22.0| -26.6| -27.8| -29.2| -36.0 -35.3| -34.8| -37.8| -42.2| -43.9
240°| -4.7| -16| -3.0 -43 -6 -9.p  -14.117.4| -20.9( -25.4| -23.7| -22.8| -26.7| -31.8| -18.1| -24.8| -27.0( -16.6| -20.1| -24.1] -26.1| -28.3| -31.0| -34.4| -33.4( -34.6| -37.8| -42.6
250°| 46| -1.7] -3.0 -41 -6 -9.p -14.515.3| -18.4 -22.9| -24.1| -22.0| -25.6| -28.9| -15.8| -24.1| -23.0 -14.2| -17.4| -21.1] -23.6| -25.9| -27.4| -31.9| -29.8( -33.3| -35.2| -39.5
260°| -45| -20f -3.1 -39 -5 -8.p  -10.612.9| -16.0f -20.7| -24.0| -20.8| -24.0| -25.9| -14.5| -26.7| -23.9( -13.7| -16.4| -18.9] -21.2| -26.0| -24.1| -28.6| -26.1{ -30.8 -32.9| -33.0
270°) -5.1| -15| -2.3 -3.1 -4 -6.4 -8/6 -1044.1|-18.6]-23.8]|-20.5| -19.7| -23.3| -13.1| -25.1| -22.9( -10.9| -11.7| -15.3] -17.3| -22.3| -19.6| -23.5| -22.0( -27.3| -26.0| -26.7
280°| -55| -1.3] -1.8 -24 -3 5B  -6/9 -89 -10:95.7|-23.9|-19.5|-17.2|-20.1| -11.8|-21.6(-19.1( -7.9 | -8.3| -11.4 -14.7| -18.2| -15.8| -18.0| -17.8 -20.2| -19.6| -22.9
290°| -3.7| -0.7] -1.4 -2. -3. -4B 5|7 -710 -§.912.5|-21.4|-19.4|-15.3|-18.4| -12.2| -18.8(-18.1 -8.0 | -7.1| -10.3 -14.2| -15.5| -13.1| -13.2| -13.8( -13.7| -15.1| -16.3
300°( -5.1 -0.8] -1.0 -14 -2. -3l 42 -54 -4.99.3-| -15.8/-21.2| -14.3| -16.4| -18.3| -19.1| -25.3( -7.5| -6.1| -9.4| -99 -10p-9.6| -9.2| -9.0f -9.3 -10.p-13.4
310°| 44| 05| -07 -09 -1 -2 -3J0 -38 -496.7-| -11.0]-22.1) -15.2| -12.9| -16.7| -14.5(-145( -5.0| -6.3| -6.2| -7.1]] -7.4 -5 -6.p -48 -6l5 -§512.0
320°| 41| -0.1f -03 -0 -O. -1p -2j0 -25 -3.24.3-| -6.9| -12.4 -21.0| -12.2| -16.5| -14.3|-11.7 -6.6 | -3.4| -6.0] -5.7 -54 -3. -4p  -25 -318 -§.49.0-
330°| 47| -04f -03 -03 -0. -0p -11 -143 -3723-| -3.6| -6.3] -11.3-17.0| -85 -11.6(-14.1( -9.7 | -2.8| -4.8] -45 -3.1 -2. 2 -3)2 -219  -3.64.2-
340°| -40( 0.0f 00| 0.0 -0. -op 06 -005 -Q7 -1e015| -26| -42| -71 -84 -11{1-50( -48| -93] -3.1 -2 -3. -0p -2)2 00 -33 .0-1-22
350°| -3.4( -0.1] -0.21 -0.1 0. -Of -0j1 -02 -1 .2-0-03| -05] -08 -174 -24 -34 -6fLl -93 -41 81 00| 00| -88 0.0 -4. 0. -1p  -3J0
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Longitudinal plane

1w

Angle| 31.5 40 50 63 80 10 12 10 200 2p0 315 00 5000 |6800 | 10001 1250| 1600| 2000| 2500| 3150| 4000| 5000| 6300| 8000| 10k | 125.K4 16k
0 -4.2| -0.2| -0.1f -0.4 -0 0. 0. 0 0|0 0.0 .00.0 0.0 0.0 0.0 0.0| 0.4 0. -0)8 0jo -36 -04 -p..3| -2.6| -2.0f -3.5 -4
10 -3.1 0.0| -0.2] -03 -0 -0 -off -0 -d1 -9.20.3| -0.5|( -0.9| -1.2 -2.1 -3. -12|0-3.6 | -0.7| -0.5| -6.14 -14 -1. -1 38 -2l0  -4.16.2-
20 -3.2| -0.4| -0.6|] -0.4 -0 -0p -0 -05 -4.6 9-9.-1.7| -2.6| -4.4f -7.q -8. -7.9 -9 5|18 -24 -0.38.7| -2.2| -39| -5.0 -7.4 -6. -8p -8
30 -3.4| -05| -0.8 -1.4q -1 -1p -1f1 -3 -7 3-2.-40( -6.7| -11.9-16.9|-10.0f -8.0 | -7.3| -6.1| -2.2] -24 -109-3.7 | -6.9| -9.1| -9.6| -10.4-11.5(-11.5
40 -1.5] -0.4]| -1.3] -1.9 -1 -1y -1 2|4 -3.1 2-4.-7.4| -13.3 -19.8| -14.0( -12.2| -7.4 | -6.7| -7.6|] -46] -3.q -11)6-7.4 | -9.2| -10.4-10.7| -9.9 | -13.3| -11.6
50 -25| -1.0| -1.8 -2 -2 -2pb -209 -3|7 -49 5-6.-11.6f-21.5(-15.3|-15.3|-10.7| -9.5| -9.2| -10.4 -3.3 | -3.9| -11.4 -11.1|-10.8f -9.1 | -12.9| -11.0| -11.4| -8.7
60 -1.2| -0.4| -1.8] -2.9 -3 -3.fy -4 53 -49 2-9.-16.7|-19.3|-14.5|-18.7| -15.8| -12.5| -11.7| -12.6| -3.2 | -5.6| -14.3 -10.5( -13.1{ -14.2| -15.0| -16.0 -12.6 -10.0
70 -2.2| -1.2| -26| -34 -4 -48 54 -711  -9.2 .2p-21.9(-17.6-15.9|-22.0(-16.1| -13.8| -13.6| -15.3| -4.7 | -7.7| -16.4 -11.8( -16.4| -20.4| -17.1| -21.0| -21.8| -16.2
80 -1.0] -1.2| -3.1] -41 -4 -6l -6f8 -89 -1185.5(-24.8(-17.7|-18.4|-23.4|-13.8|-16.5|-15.8|-17.4| -6.5 | -12.0[ -18.6( -15.6( -19.4| -23.6| -21.6| -25.3| -25.8| -23.4
90 -2.1| -16| -3.4 -44 -5 -74  -83 -10.714.0( -18.6( -25.4| -18.4| -20.8| -23.8 -13.5( -19.9| -18.4| -19.9| -9.6 | -14.9| -20.1| -18.6( -22.3| -25.2| -23.4| -27.6| -29.7| -27.9
100 | -1.5| -1.4| -3.7 -51 -6 -8p -9|8 -12.46.4|-21.9|-25.6|-19.5|-22.9|-25.2|-13.3|-19.1| -17.3| -19.3| -6.6 | -17.4] -20.2| -19.3| -23.6| -25.4| -27.6| -29.6| -30.8| -29.7
110 | -1.3| -1.7| -41 -54 -7. -9 -11.214.6|-18.7| -24.9| -25.8| -21.0| -24.4| -27.7| -13.4| -16.6| -19.2| -20.2| -9.4 | -18.8| -19.6| -18.7| -22.8| -27.6| -26.1| -29.5| -29.9| -30.3
120 | -0.3| -1.9| -49 -6.4 -8 -10{612.3| -16.4| -21.1| -29.3| -25.1| -23.3| -26.6( -30.3| -13.5| -16.1| -21.3| -20.8| -11.9| -11.6( -20.9( -25.1| -24.2| -24.6| -25.7 -26.7| -31.0| -32.1
130 | -1.3| -2.5| -53 -7.q -8. -11213.1( -18.2| -23.3| -32.4| -25.3| -24.5( -28.7| -31.0| -16.5| -17.7| -17.1| -14.2| -10.7| -16.8| -22.7| -19.7| -24.6| -22.1| -25.8( -27.9| -29.9| -30.0
140 | -1.2| -2.3] -51 -6.9 -8 -11413.4( -19.2| -23.5( -32.0| -25.7| -25.3| -30.6( -29.5| -22.0| -20.2| -18.2| -12.9| -9.1 | -7.6| -11.1 -18.1| -20.6( -21.7| -22.0( -21.4| -23.8| -26.7
150 | -1.2| -15| -45 -6.4 -8 -114513.5( -19.4| -22.6| -30.2| -27.4| -26.5( -30.1| -36.7| -20.7| -27.5| -28.1| -16.8| -9.3 | -10.8[ -14.0( -16.5| -21.9( -23.1| -26.9( -25.9| -26.8| -29.4
160 00| -1.2| -44 -64 -8 -10{912.8( -18.9( -21.0| -26.7| -29.2| -29.2| -31.8| -32.8| -18.8| -26.0| -28.6| -22.7| -12.5| -10.9( -14.9( -13.5( -20.0( -26.8| -26.1| -26.6| -29.6| -30.5
170 | -1.0| -1.1f -39 -6.1 -8 -10}712.5( -18.3| -19.6| -24.6| -31.7| -31.2| -31.5( -33.9| -12.2| -21.7| -24.4| -21.6| -16.9| -15.7| -19.4| -15.8| -24.7| -24.5( -29.0( -28.4| -29.3| -32.9
180 | -1.9| -1.7| -43 -64 -7. -10{412.3| -18.2| -19.0| -23.7| -32.3| -28.0| -26.9( -35.3| -18.5| -20.6| -23.3| -24.2| -19.4| -17.0( -19.9( -20.4| -27.7| -28.9( -31.6( -29.0| -34.3| -36.4
190 | -2.2| -1.8| -43 -6.1 -7. -10{412.3| -18.3| -18.8| -23.6| -32.0| -27.0| -26.6| -36.6| -23.7| -26.0| -27.6| -27.1| -19.3| -21.4| -21.9( -25.0| -32.8( -36.2| -34.9( -33.8| -36.1| -36.4
200 | -1.5| -1.7| -44 -64 -7. -10{412.4| -18.5( -19.1| -24.7| -34.2| -31.8| -31.8| -36.1| -15.2| -23.3| -30.4| -28.2| -18.9| -22.4| -23.9( -28.9| -35.1| -36.0| -37.5( -36.3| -37.6| -37.5
210 | -2.8| -15| -3.7 -53 -7. -10{612.9( -18.8| -20.1| -27.2| -33.9( -28.9( -30.2| -36.2| -11.1| -22.6| -32.3| -25.5( -20.7| -25.3| -25.3| -27.5| -34.8( -36.3| -37.0| -35.8| -39.8| -39.0
220 | -4.3| -2.2| -40 -53 -7. -10}713.2| -19.2| -21.7| -30.4| -27.9| -23.3| -28.1| -33.2| -15.0| -25.2| -30.0| -25.2| -19.6| -26.8| -22.4| -27.2| -30.6( -36.4| -37.3| -36.1| -38.3| -37.6
230 | -3.4| -15| -39 -51 -7. -10{813.5( -18.9( -23.3| -30.5( -24.5( -22.0( -29.0( -31.7| -14.2| -26.2| -28.1| -22.3| -16.0| -26.0| -24.1| -26.9| -32.5( -36.4| -35.3| -36.8| -38.8| -36.5
240 | -5.3| -1.9| -3.2] -44 -6. -101613.2| -17.7| -23.1| -26.6| -22.9| -22.5( -28.7| -31.2| -16.4| -23.4| -28.1| -25.8| -19.9| -25.4| -21.9( -27.7| -32.5( -33.6| -34.6| -34.8| -37.1| -38.3
250 | -8.0| -2.3] -29 -41 -6 -9.p -14.216.1|-21.2|-24.1| -22.7| -23.1| -26.7| -27.7| -18.9| -20.8| -25.9| -23.9| -21.1| -25.2| -29.9| -28.5| -33.3| -32.0| -34.5| -30.7| -34.0| -35.5
260 | -6.8| -1.7| -24 -3 -5 -8.8 -1(.614.2| -18.7| -22.0| -22.5| -22.0| -24.6| -25.0| -16.4| -20.5| -23.9| -21.0| -14.5| -21.3| -21.0| -23.7| -28.0| -31.5| -33.2| -29.7| -29.4| -34.8
270 | -3.6| -0.4] -15 -2.4 -4 -7p -9]6 -11.445.9|-21.3|-22.3|-20.5|-22.2|-23.9| -15.0| -21.6| -23.2| -16.9| -11.3| -22.6| -17.7| -20.9| -26.3| -21.6| -24.3| -23.3| -26.2| -28.9
280 | -3.5| -09| -1.9 -2 -4 -6.p -7]2 -10.43.8]|-17.9|-22.9|-19.1|-19.4| -20.5| -12.0| -18.0| -18.7| -12.2| -6.0 | -15.3| -11.4| -13.7| -19.1| -16.5| -18.0| -17.8| -21.4| -18.8
290 | -1.0| -0.7 -2.1f -2 -3 -4p -55 -86 -1[1-35.0|-22.5|-18.2|-16.6|-17.5|-10.5|-13.5|-15.1| -7.6 | -2.0| -11.q -7.5 | -12.0| -14.8| -15.2| -13.9| -12.7| -16.4| -16.6
300 | -2.9| -0.6] -1.3 -1 -2 34 -451 -4 -491.81-19.1|-19.0|-14.3|-16.7|-12.8|-11.4|-12.9| -7.8 | -1.7| -13.4 -8.3 | -11.6| -10.9| -9.6 | -13.2| -13.0| -15.5| -15.2
310 | -2.4| -0.4| -10 -13 -1 2B -2|19 -46 -4.6 .7-8-14.0|-21.5|-13.8]-15.3|-17.3|-13.2|-13.0| -7.8 | -0.2 99| -7.3| -6.8/ -10.f-8.5 | -11.1f -9.7
320 | -4.0| -0.3] -0.59 -0.9 -1 -1p -118 31 -4.4 8% -9.1| -16.9 -16.8| -13.7| -17.1| -9.7 | -12.7| -8.8 | -0.7 A -8.8| -35( -3.6/ -6.4 -4. -7p -6
330 | -45| -0.8] -0.6f -0.4 -0 -0 -1j0 -U8 -4.7 .4-3 -5.3| -8.6| -15.4-17.3| -85 | -13.9] -9.3| -9.4| -1.0] -65 -1.3 -5 -1y -12 -40 -1.44.4-| -57
340 | -5.2| -0.5| -0.20 -04 -0 -0 -04 -009 -14 .7-1-25| -39| -6.3 -106-58| -4.4| -8.6| -6.8 0.0 -4 0. -1)8 0jo -6 -2.00.7| -1.3[ -2.0
350 | -5.7| -0.4] 0.0 0.0) 0. 0. o)1 -003 -4 -0.50.7- -1.1| -1.6|] -2.8 -49 -7. -6 -318 -012 -17 .2-0 0.0 0.0 0.0 0.0 0.0 0. 0.

The following two figures show these data in thdimensional graphic form:
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2.2 Measuring sound levels in operating position

The loudspeaker was installed with the emissiongfacing downwards towards the reflecting floor
of the laboratory, at a height of 3.20m above tiraes The microphone was set on a tripod, at a hefgh
1.50m above the floor.

Starting from a position exactly below the centf¢he diffuser, the sound spectra were measured in
“third-octave” bands along two orthogonal direatsx(lateral and longitudinal), corresponding totthe
planes in which the directivity curves were caltedhpreviously. The microphone was moved along the
directrixes in steps of 0.2 m, up to a distanc&roffrom the speaker axis, then in steps of 0.5 noup
distance of 15m from the speaker axis. The nextéighows an outline of the geometry used fordakg tip
to the distance of 5m from the speaker axis. Algfiothe configuration of the loudspeakers comprisiireg
speaker is not symmetrical on the longitudinal plathe sound levels were determined only on the sid
indicated: this was because, for its real useditfieser will be installed alongside another ideatielement,
as shown in the figure, and, therefore, the soumidston off-axis is calculated only for the sidathathe
horn tweeters.

----- Posizioni
Microfoniche

L
o

LI
e,
*a

I
“a.
L

The loudspeaker is driven by MLS white noise, Ihat sound spectra measured in each point were
normalised with respect to the spectrum recordeubizt “0” (speaker axis).

The following two figures show the spatial profikes the sound levels in octave bands, along tlee tw
lateral and longitudinal directrixes.
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The following two pages show the same data in dtoictave” bands, both in table form and in
three-dimensional graphic form:
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Lateral Direction
Dist. | 31.5 40 50 63 80 10 126 140 200 2p0 315 00 5000 |6800 | 10001 1250| 1600| 2000| 2500 3150| 4000| 5000| 6300| 8000| 10k | 12.5K 16k
(m)
0.0 0.0 0.0 0.0 0.0| 0.4 0. 0.p 0J0 010 q.0 .0 D.0.0 0.0 0.0 0.0 0.0 0. 0. 0.p 0J0 0,0 .0 .0 0 pP.0.0 0.0 0.0
0.2 -0.3| -0.2| -0.1 0.0| 0.4 oL op -01 -d1 -¢0.20.2| -0.3| -0.4| -0.6] -1.1 -1. -1p -12 -82 -4.725]| -05| -3.1| -6.7 -0 -7. 2.4 -5
04 ] -09| -0.7] -05 -0.3 -O. -0B -02 -003 -5 .4-0 -0.9| -1.2| -1.6] -2.4 -4.4 -4, -465 00 -13 -416.3)| -0.7| -6.0] -2.9 -2. -3. -1.p -3
0.6 -1.2| -1.1f -09f -0.4 -0. -0y -055 -06 -14 8¢ -22| -2.6|] -3.5 -5 -8. -7. 5P -215 -98 2-2.-65| -2.0| -55] -3.1 -4.3 -4.2 -3p  -3J0
0.8 -1.8| -1.8 -1.6f -14 -1. -1lp 09 -09 -34 .4-1-39| -42| -58 -840 -9. -8. O -89 -19 595%.-34| -45| -52| -6.1 -4.3 G 3
10 | -2.6| -25| -2.3 -24 -2. -2p -1 -1)2 -40 .1-2 -6.2| -57| -8.2| -9.1 -10p-11.1]|-14.1| -46| -5.8| -3.4| -55 -54 -6. -4B  -6)2 -53 -5.77.0-
1.2 -3.7| -3.6| -3.4 -3.4 -2. -2y -19 -1}4 -5 .9-2 -8.3| -7.0| -10.1-10.7|-12.8| -16.1| -13.8| -6.2 | -3.5| -5.3] -58 -6.4 -6. -54 -6/5 -618 -7.010.9
14 | -3.7| -35| -3.5 -3.4 -4. -3p -24 -1)6 -71.6 .7-3-10.3| -8.1 | -11.7| -11.4| -16.6| -18.5| -14.4| -8.0 | -4.6| -5.5| -6.5 -8.1 -7. -6.4 -64 -7]18 -§5114
1.6 -4.2| -40( -40 -44 -5. -44  -30 -1}7 -99 .6-4-11.1] -9.4 | -12.8| -12.6| -20.3| -16.8| -16.1| -9.4 | -7.5| -5.2| -8.6] -8.3 -8. -8p -716 -98 -1]102.6
1.8 -4.9| -49 -49 -594 -6. 5p -37 -1)9 -11.%.1| -11.3]-11.1|-13.4|-14.5|-20.1| -17.6| -17.7| -10.8| -5.7 | -7.1| -8.4| -10.$-10.1| -8.7 | -9.7| -12.3 -12.2| -14.6
20 | -55| -55| -5.6/ -64 -8. -6.p -44 -2)J0 -1B.47.6 | -11.0| -13.0|-13.7|-17.3| -20.6| -18.7| -20.4| -13.9| -5.7 | -10.4] -8.4 | -11.2| -11.9] -10.0| -11.6| -12.8| -14.8]| -15.9
2.2 -5.6| -55| -5.6/ -6.4 -9. -8p -53 -214 -14.0.7 | -11.0| -14.9| -14.6| -21.5| -22.1| -18.9| -21.9| -13.8| -8.0 | -9.9| -9.6| -13.2-12.1|-11.2|-12.6| -13.8| -16.7| -16.3
24 | -59| -58| -6.00 -7.4 -11/5-9.3| -6.1| -2.6 -13.3-11.3|-11.5(-15.7|-16.4| -24.4| -20.9( -20.5( -21.5| -12.9| -10.5| -9.4 | -11.0[ -13.9| -15.7| -12.3| -14.3| -16.0| -17.4| -17.1
2.6 -6.0| -65 -69 -84 -13[1-10.8f -7.1| -2.7| -11.9-13.5(-12.1-16.0|-18.7|-23.2|-19.1| -23.4| -22.1| -14.3| -12.0| -10.2| -11.6{ -15.6{ -15.4| -13.2| -14.5( -18.3| -19.1| -18.8
2.8 -6.9| -70f -7.2| -84 -14512.4| -8.0| -3.1| -11.9-16.0|-12.8|-16.5|-21.5| -22.5| -19.6( -26.4| -21.3| -16.1| -10.1| -12.4| -11.8| -15.5| -15.1| -14.6| -15.8 -19.2| -19.0{ -20.6
30| -69| -7.0] -7.00 -83 -15J7-14.2] -9.0| -3.7| -10.7-18.1] -14.0| -17.1| -22.5| -23.8| -21.2| -25.8| -21.8| -17.2| -10.6] -13.1] -12.1] -15.0| -16.9]| -14.7] -16.7| -20.5| -20.1] -21.5
3.2 -6.9| -7.0f -7.00 -84 -16J216.1|-10.1| -4.3 | -10.4{ -19.8( -15.4( -18.2| -22.0| -26.6| -21.3| -24.8| -22.8| -17.6 -10.5| -16.8| -12.6 -15.5( -17.6| -16.2| -17.8| -21.6{ -20.1| -22.5
34| -66| -7.0] -7.2] -8 -16417.8]|-11.1] -4.7 | -10.3| -21.2| -16.6] -19.7| -21.2| -28.8| -20.5| -25.7| -23.3| -19.9| -11.8] -16.1| -13.3| -16.3| -19.1| -17.4]| -18.4| -22.3| -20.8]| -23.6
3.6 -7.1| -7.0f -7.00 -7.9 -15/619.5(-12.0| -5.4 | -10.3| -20.1| -18.0| -21.4| -21.2| -28.3| -20.2| -27.2| -23.5| -18.8 -13.1| -17.3| -13.5| -16.7| -19.2| -17.9| -18.8 -22.5| -21.1| -24.7
3.8 -7.2| -7.4| -7.3] -84 -15[2-21.8(-13.1| -5.9 | -10.4{ -19.7| -19.0( -23.3| -21.5| -25.8| -20.5( -27.6 -23.7| -17.6| -14.8| -16.4| -14.5| -17.3| -19.5| -18.4| -19.0( -23.8| -21.2| -25.4
40 | -7.3| -7.3| -7.1] -7.1 -14]1-23.9|-14.3] -6.7 | -10.5| -18.9] -20.6] -25.9| -22.6] -23.6| -22.0| -25.6| -25.4| -18.5| -15.3| -16.2| -14.5| -17.9| -19.5| -19.2| -19.8| -24.1| -21.5| -26.2
4.2 -7.6| -7.8| -7.71 -8.4 -13/9-25.8|-15.6| -7.3 | -10.8| -18.0| -21.7| -27.3| -24.2| -22.5| -23.9( -24.1| -28.4| -18.4| -15.5( -16.0| -15.5| -19.1| -20.7| -19.9( -20.1| -24.5( -22.1| -27.2
44| -70| -7.1] -7.0 -7.4 -13}4-26.0|-16.5| -8.1 | -11.1]| -18.6| -22.4| -27.3| -25.8| -22.8| -24.7| -24.4| -29.5| -17.7| -14.4] -15.9| -15.7| -19.6| -21.9] -19.6| -20.6| -24.4| -22.7| -27.3
4.6 -7.4| 75| -7.2| -7.4 -12f825.6(-17.8| -9.0 | -11.8| -17.8| -22.3| -26.3| -26.7| -23.6| -24.6| -25.5( -27.3| -18.9( -14.0| -16.4| -17.0| -20.0| -22.7| -20.4| -21.1| -25.4| -23.6| -27.4
4.8 -7.8| -7.7| -7.5 -7.4 -12§8-25.2|-19.4|-10.0|-12.3|-18.0| -23.7| -25.4| -27.0| -24.9| -24.1| -27.2| -26.7| -21.0| -14.3| -16.8| -17.4| -20.8| -22.4| -21.0| -22.0{ -26.0| -23.9| -27.6
50 | -7.2| -74| -7.3] -7.4 -12/524.3|-20.5(-10.8|-12.6-18.0|-24.7| -24.8| -25.8 -27.0| -24.0| -27.7| -27.7| -21.4| -13.4| -18.0 -18.7| -21.1| -23.0| -21.3| -22.6| -26.3| -24.7| -28.0
5.5 -8.6| -89 -8.6 -84 -12/521.8|-24.0|-12.8|-14.3|-18.5(-25.0(-24.9|-24.1|-30.1|-26.4| -26.4|-30.6 -24.1| -16.2| -18.4| -18.8| -21.8| -24.6| -22.8| -24.0| -27.5| -26.1| -28.6
6.0 | -10.3| -10.6 -10.1| -9.6 | -13.0[ -20.8| -27.1| -14.9| -15.7 -19.1| -27.0| -26.4| -23.5| -30.9( -28.1| -30.6| -28.4| -24.9| -17.7| -18.4| -19.1| -22.4| -25.5| -24.6| -24.9| -28.2| -27.8 -29.0
6.5 | -10.4{ -11.2| -10.9( -10.3| -13.1| -19.6| -27.7| -18.0| -17.5( -20.2| -28.2| -29.2| -23.8| -29.7| -26.2| -32.2 -33.1| -26.0| -16.9| -19.6| -20.4| -24.9| -26.5| -25.6( -26.4| -29.1| -29.4| -30.0
7.0 | -10.8] -11.5( -11.2| -10.6( -13.3| -19.2| -26.4| -21.1| -19.5( -21.6| -29.4| -33.0| -26.0| -30.7| -25.5( -30.0| -31.7| -25.7| -21.8| -20.2| -19.9| -25.7| -26.3| -27.4| -26.6| -29.8 -29.8| -31.7
7.5 | -11.4{ -11.0{ -10.3| -9.7 | -12.8] -19.3| -26.8| -25.9| -21.6| -23.4| -29.6| -32.5| -28.4| -31.5( -26.8( -31.1| -29.8| -26.8| -16.6| -19.8| -19.3| -25.6| -26.4| -27.1| -26.3| -30.6| -31.2 -32.6
8.0 | -10.4{ -10.9( -10.8| -10.5( -13.4| -19.2| -25.4| -28.0| -23.8| -24.9( -31.1| -30.3| -31.3| -32.6( -31.6| -33.9( -31.8| -26.1| -22.3| -20.7| -21.2| -25.9| -27.2| -27.6| -28.0| -31.4| -29.8| -32.5
8.5 -9.2| -10.4 -11.1| -11.2| -14.1| -19.5( -24.6| -28.0| -25.6| -26.3| -33.2| -28.4| -34.3| -34.3| -35.6( -34.0( -34.7| -27.4| -18.8| -23.0| -20.5| -26.4| -28.2| -28.8| -27.7| -32.6 -32.7| -34.8
9.0 | -9.1| -10.9 -11.0f -11.1{ -14.0( -19.4| -24.3| -29.0| -28.5| -27.6| -34.3| -26.7| -33.9| -35.3| -32.4| -32.6( -35.1| -29.4| -19.9| -23.1| -23.0| -26.3| -29.4| -30.0( -31.8| -35.1| -33.3| -35.1
9.5 | -12.3[-12.4| -11.9( -11.2| -13.6( -18.8| -23.8| -29.5| -30.7| -28.5( -35.9| -27.5| -32.8| -36.2| -31.2| -31.7| -34.5| -28.9| -26.1| -24.0| -21.9( -29.7| -31.4| -29.9( -32.7| -33.6 -33.1| -35.6
10.0| -8.2] -10.4-11.9]-12.6] -15.6] -20.0| -22.9| -24.8] -34.9| -33.1] -35.6| -27.1| -30.5| -38.3| -29.4| -34.4| -34.4] -28.9] -20.5| -24.1| -22.2] -29.2] -30.9]| -33.8| -33.3| -36.2| -33.6| -38.6
10.5| -9.0] -11.q -12.0| -12.4] -15.2| -19.8| -23.1| -25.2| -34.6| -33.5| -35.4| -27.1| -30.4| -38.4| -29.4| -34.4| -34.4| -28.9] -20.6| -24.1] -22.3] -29.3] -30.9]| -33.8| -33.3| -36.3| -33.6| -38.6
11.0| -7.6] -10.4-11.9]-13.2] -16.6] -20.8| -23.0| -23.7| -34.9]| -35.9]| -37.2| -27.4] -30.8] -39.3| -28.7| -37.0| -35.1| -29.1| -22.7| -24.4]| -23.3| -28.3] -29.8| -31.3| -32.1| -36.9] -35.3| -38.6
11.5| -8.5| -10.4 -12.0| -12.7| -16.0| -21.1| -24.4| -24.3] -32.7| -35.6] -39.4| -28.5| -32.1] -39.3| -29.5| -39.3| -34.8| -32.4| -26.7| -26.6| -25.1| -28.4] -30.6| -34.5| -32.8| -37.0| -36.8] -39.2
12.0| -9.1| -11.3-12.4|-12.9] -16.1] -21.1| -24.5| -24.6] -33.4| -36.9] -38.7| -29.0| -31.0| -42.9| -31.2] -36.5| -37.9| -32.9| -25.0| -24.9] -26.0| -31.9] -33.7| -32.0| -36.1| -38.5| -37.7| -41.1
12.5| -7.4| -9.8| -11.3-12.4]-16.2|-21.9|-25.8] -26.1| -34.7| -38.0] -40.5| -29.0| -31.5| -42.1| -32.8| -36.0| -39.6| -31.8| -24.2| -25.4| -27.7| -31.4| -32.7| -35.4| -34.4] -38.2| -38.0| -42.0
13.0| -7.8] -9.9| -11.4-12.4]-16.2|-21.9|-25.7| -25.9| -34.4]| -37.9] -40.3] -29.0| -31.4| -42.2| -32.3] -36.0| -39.3| -31.7| -23.8| -25.4| -27.7| -30.9| -32.4| -34.8| -33.7| -38.1| -37.6| -41.4
13.5| -7.9| -10.3-11.9|-13.1] -17.0| -22.6| -26.4| -26.5| -33.7| -39.7| -42.1] -30.6| -30.5| -42.0| -35.0| -35.6| -40.2| -31.8]| -25.0| -27.6] -29.0| -30.1] -34.6| -34.5| -35.9| -40.3| -39.1| -42.4
14.0] -11.1 -11.9] -11.5] -10.8] -13.5| -19.5| -25.0| -26.2| -36.2| -38.6| -44.7| -32.0| -31.5| -41.4| -36.4| -34.5| -40.3| -30.9| -25.9| -29.8]| -27.7| -33.3] -35.1]| -35.3| -36.8| -42.1| -40.9] -43.0
14.5| -14.2| -14.0| -13.2| -12.3| -14.6] -19.7| -23.7| -24.9] -36.9| -37.4] -38.3] -31.2| -33.6] -39.9| -40.0| -35.6| -41.8| -31.0| -26.1| -30.1| -27.2| -32.4| -34.1| -35.6| -35.6| -41.0| -40.5| -44.2
15.0| -7.6| -10.4-11.8] -12.6] -15.9| -21.0| -24.4| -25.1] -35.4| -49.6| -45.9| -33.1| -33.6| -40.2| -41.2| -36.1| -41.6| -33.6| -26.9| -27.8| -29.7| -31.1] -35.6| -35.4| -38.0| -41.5| -40.4] -43.9
p— - 7
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£@ 3 50
532 35 "
g ool .5 Distanza (m)
5 -45+ 100
£ -50+
5 5 125
-604
“ 8 8 3 8 8 8 8 8 8
s = 8 B 8 8§ 8 8 8
-

Frequenza (Hz)




Dipartimento di Ingegneria Industriale Pag. 1B/
Longitudinal Direction

Dist. | 31.5| 40 50 63 80 10 12p 140 200 2p0 J15 00 pO0OO |68B00 | 1000 1250| 1600 2000 2500 3150| 4000| 5000| 6300| 8000| 10K | 12.5k| 16k
(m)

0.0 0.0 0.0 0.0 0.0} 0.4 0. 0.p 00 00 q.0 .0 D.0.0 0.0 0.0 0.0 0.0 0. 0. 0.p 0{0 00 .0 .0 0 pP.0.0 0.0 0.0
02| -11| -09] -0.7 -0 -O. -0p -0f1 -0]2 -2 .2-0 -06| -0.6] -1.0] -1.4 -3. -4. -4p 09 42 -9.61.6(| -35( 1.1 -0.21 0.6 0. -0 -2B
04| -13| -1.1] -09 -0.4 -O. -0p -04 -05 -q9 5-0-1.8| -1.9| -2.8] -4 -8. -6p -50 -6/4 34 -2336| -45[ 1.2 -1.9 -14 -0 -2  -Af
06| -1.2| -1.2| -1.2] -1.4 -1. -1 -0f7 -0]9 -39 .0-]1 -35| -34| -49] -6 -8. -6. -8R -12.40.7 | -4.0| -49| -57 -1.9 -6. -2p -344 -40 -§
08| -19| -2.0] -19 -2 -2. -l -1jr -12  -3.2 6-1 -53| 48| -6.7] -8.3 -8. -8 -13195| -1.3| -53| -6.00] -64 -5 -7 -5/6 -48 -71.66.8-
1.0 | -2.2| -2.2| -2.3 -24 -3. -2p -1f7  -147 -42 3-2 -74| -58| -85 -84 -94 -13|812.1] -7.8| -1.2| -53] -40 -1 -9. -12]912.8| -55| -7.9| -11.
1.2 | -2.6| -2.8] -3.00 -34 -4. 3B 22 -16 -7 .2-3 -89| -7.2| -10.1 -9.7 | -12.1] -14.6] -9.2 | -11.4] -3.4| -6.7| -6.8] -5.7| -14p-11.9| -8.1 | -7.7| -12.9-12.8
1.4 | -36| -3.8] -40 -44 -5. -4 -2i8  -147 -85 .9-3-10.2| -8.4 | -11.5| -10.6] -14.7| -13.1] -10.4| -14.9] -3.9 | -6.3| -6.3] -5.5 -13.p-14.9]|-14.9]|-11.0|-10.1|-13.2
16 | -46| -48] -5.0 -57 -6. S50 -35 -18 -1p.6.1 | -10.6| -10.3] -12.1] -11.9] -16.6] -13.8] -11.1]| -12.9] -4.9 | -6.9| -7.1| -6.7| -154-14.4]|-14.2| -8.7 | -11.3| -16.8
1.8 | -43| -49] -54 -64 -7. -6.p -43 -149 -1p.3.2 | -10.7| -12.4| -12.3| -13.7| -17.6] -14.5]| -10.9]| -12.9]| -4.6 | -7.9| -8.8] -7.6] -16.p-15.9]|-16.6|-11.2| -8.7 | -15.2]
20| 47| -5.1] -56 -73 -9. -7p  -5/0 -2j2 -1B.47.9 | -10.3| -14.5| -12.9] -16.7| -18.9] -15.2| -10.8| -16.0| -4.7 | -8.8| -11.4 -8.8 | -15.9| -16.6| -15.6| -14.9| -10.7| -14.2
22| -50| -55| -6.1 -79 -11/0-8.6| -59| -2.5| -12.¢ -9.3 | -11.1) -15.2| -13.9]| -20.9| -19.1| -16.4| -12.4| -16.2| -4.7 | -9.7| -11.4 -8.5 | -16.6| -18.2| -16.2 -19.0{ -11.9( -11.7
24 | -53| -5.4| -58 -7.1 -121910.0| -6.6 | -2.8| -12.4 -11.9| -11.4| -15.5| -16.0| -21.7| -16.7| -17.9| -14.4| -16.7| -6.0 | -10.1| -12.7| -10.3| -16.3| -18.8| -14.5( -18.3| -14.8 -17.2
26 | -54| -5.7| -6.2] -8.1 -14411.9| -7.7| -3.2| -11.1-14.4|-12.8|-15.1| -19.1| -20.2| -15.7| -19.5| -14.6| -15.3| -5.7 | -10.8] -13.3| -10.7| -16.7| -22.7| -17.3| -18.2| -16.4| -17.1
28 | -6.0] -6.3] -6.8 -84 -15413.4| -8.6| -3.5| -10.9-17.1|-14.0|-15.2|-20.7|-20.5| -16.7| -20.8| -14.4| -16.2| -6.3 | -11.2] -13.4| -9.9 | -17.0[ -21.9( -22.1| -19.3| -18.8( -16.3
30| -6.0| -6.2| -6.5 -83 -16)315.4| -9.8| -4.1| -10.9 -20.3| -15.4| -16.3| -20.6( -23.7| -17.5( -19.7 -14.8| -15.3| -6.5 | -12.9] -15.1 -11.1] -20.4| -23.3| -20.5| -20.0| -19.2| -21.6
32| -6.1| -6.2| -64 -81 -16417.6/-11.0| -4.8| -9.8| -19.4 -16.1|-18.2|-19.7-27.1 -17.0{ -19.5| -15.6 -17.5| -7.6 | -13.8] -15.6| -11.9| -21.7| -24.5| -22.0| -21.1] -20.2| -24.2
34 | -55| -7.0] -8.2 -10.p-17.8|-19.2|-12.2| -5.2 | -9.8| -20.§4 -17.7| -19.5| -19.5( -26.3| -16.6{ -20.6 -15.9| -17.7| -7.9 | -13.2| -16.6| -12.3| -21.6] -23.0| -25.2| -23.5| -22.3| -24.4
36 | -5.7| -7.1] -8.0 -9.9 -16J7-22.0|-13.5| -5.9 | -10.2| -21.0{ -19.8| -21.7| -19.9( -23.1| -17.0 -22.9( -15.8| -17.2| -8.3 | -12.8] -16.8| -12.2| -21.3| -20.9| -23.5| -24.2| -25.1] -25.8
38| -56| -7.2| -83 -9.9 -16)8-23.3|-14.5| -6.5 | -10.0| -18.8 -20.1| -23.5| -20.8 -21.7| -18.2 -23.1 -16.5| -18.0| -8.5 | -13.0| -17.0| -12.4| -22.5| -22.4| -26.2| -24.9| -24.1| -27.7
40 | 44| -6.4| -79 -9.9 -17)0-25.3|-15.9| -7.3 | -10.0| -17.4| -21.5| -24.9| -22.7| -20.6{ -20.1| -21.3| -18.9 -18.5| -8.1 | -13.3]| -16.4| -11.2| -22.4| -21.4| -25.8| -27.7| -26.9]| -28.7
4.2 | -55| -7.2| -8.2 -9.4 -15J7-27.3|-17.3| -8.0 | -10.5| -17.5| -22.2| -25.0| -25.1| -20.5( -22.0{ -20.8 -20.9( -17.5| -9.3 | -13.0| -16.4| -12.6| -24.3| -24.7| -28.4| -27.9| -25.0| -28.7
4.4 | -45| -6.4| -7.71 -94 -154-27.9|-18.7| -8.9 | -10.9| -17.0| -22.6| -24.6| -26.1| -21.3| -21.5( -21.4| -19.4 -17.5| -8.4 | -14.3] -18.0| -12.3| -23.8] -23.5| -26.6| -29.3| -28.1] -30.6
46 | -6.2| -7.4| -8.00 -9. -14)326.4|-19.7| -9.7 | -11.6| -16.7| -23.3| -23.8| -25.8 -22.7| -20.8 -23.1 -18.5) -19.7| -9.5 | -13.9] -19.4| -12.5| -24.8| -24.3| -26.2| -29.4]| -28.2| -30.7
48 | -5.8| -7.2| -7.9] -9.0 -14J1-25.5|-21.0|-10.4|-12.0| -16.7| -23.1| -23.7| -24.4| -24.1| -20.5( -24.6{ -19.6| -21.2| -10.7| -14.5| -21.1| -13.9| -26.1| -25.7| -27.6| -29.5| -27.8] -30.2
5.0 | -5.8] -7.2| -8.0] -9.1 -14J0-24.5|-22.7|-11.3]-12.7| -16.9] -22.5| -24.0| -23.0| -26.2| -20.9| -24.6| -21.5| -19.9| -8.9 | -16.0] -20.9| -12.7| -25.0| -23.6| -24.4| -31.6( -31.8( -33.9
55| -7.2| -8.2| -85 -9.0 -13J2-21.7|-25.9|-13.5|-14.3]|-17.9|-24.5|-25.0| -21.6| -28.5| -24.5| -26.8| -20.3| -22.6| -11.1| -16.9| -19.6| -14.6| -25.8| -25.5| -25.6{ -32.9( -32.7| -36.1
6.0 | -9.3| -10.94 -10.2] -10.2| -13.6] -20.7| -27.6] -15.6| -15.7| -18.6| -25.1| -27.1| -21.5| -28.2| -26.4| -33.2| -20.5| -23.2| -11.3| -16.1| -20.1| -15.3| -26.2| -25.5| -25.2| -34.7| -35.2| -38.5
6.5 | -9.7| -10.4 -10.5] -10.4] -13.5] -19.7| -27.5] -19.5| -18.0| -19.4| -26.2| -30.7| -22.7| -28.3| -22.4| -28.6| -24.3| -25.2| -10.6| -18.0| -22.5| -15.7| -26.7| -26.8| -25.9| -35.9( -36.8( -40.4
7.0 | -11.5| -11.5| -10.9] -10.5] -13.2] -18.8] -26.0| -22.8| -19.9| -21.0| -28.3| -31.8| -25.2| -29.5| -22.1| -26.9| -22.0| -23.1| -14.1| -18.8| -23.8| -16.1| -26.4| -26.5| -26.1| -35.1| -37.5( -42.3
75| -6.7| -8.6] -9.6] -10.p-14.3]-20.0|-26.1]-26.7| -21.5| -22.3| -30.2| -29.0| -29.1| -31.5| -23.9| -28.6| -24.1| -24.1| -11.2| -19.1| -24.1| -16.2| -26.7| -28.8| -27.0| -35.9( -39.4| -43.1
8.0 | -7.5| -9.1] -10.0-10.7|-14.1] -19.6] -25.1] -28.8| -23.8| -23.9| -31.0| -27.8| -32.4| -32.0| -28.5| -30.8| -27.5| -25.6| -16.4| -20.9| -25.9| -18.3| -28.0| -30.3| -29.3| -37.7| -40.0( -43.6
8.5 | -7.3| -9.1] -10.2-11.1]-14.6] -19.9] -24.7| -28.5| -25.9| -26.1| -32.3| -26.5| -34.9| -32.8| -32.9| -30.6| -26.3| -25.4| -13.1| -22.5| -28.0| -19.7| -29.7| -33.4| -32.3| -40.8| -42.8| -47.2
9.0 | -8.6| -10. -10.7| -11.3] -14.4] -19.4] -24.1] -28.6| -28.0| -26.8| -34.2| -26.1| -33.7| -33.4| -30.8| -30.2| -25.6| -25.3| -15.2| -21.7| -28.2| -19.9| -30.0| -33.3| -31.4| -39.9( -42.4| -46.7
9.5 | -8.7| -10.4-11.2] -11.8] -15.0| -19.8] -24.0| -27.5] -30.1| -28.9]| -33.8| -25.6| -31.1| -34.4| -28.5| -30.3| -26.6| -25.6| -17.8| -22.3| -28.1| -20.4| -30.0| -33.1| -31.3| -40.0( -43.9( -47.7
10.0| -7.9| -9.7| -10.9-11.8]-15.2|-20.3| -24.3| -26.8| -31.5| -31.0| -38.0| -25.4| -30.7| -35.7( -26.3| -31.8( -29.8| -26.0| -14.9| -22.6 -27.6| -20.1| -29.2| -32.0| -30.9| -39.0| -45.3| -48.2
10.5| -8.8| -10.1-11.7|-12.4| -15.4| -20.0| -23.4| -25.0| -33.4| -32.6| -36.2| -26.2| -29.5| -38.2( -25.4| -31.7| -31.4| -26.0| -15.3| -21.4| -29.6| -21.1| -30.2| -33.8| -32.7| -40.2| -46.6] -50.3
11.0| -9.5| -11.1-11.9|-12.4|-15.3| -19.7| -23.0| -24.3| -34.1| -34.5| -37.8| -26.2| -29.2| -39.3( -25.1| -35.5 -29.3| -27.3| -18.1| -22.2| -28.2| -21.4| -31.5| -34.3| -33.8| -41.5| -47.8] -50.3
11.5] -10.0| -11.8] -12.8| -13.4| -16.3| -20.6| -23.6| -24.3| -33.7| -35.3| -39.5| -27.1| -28.8| -41.0( -25.5( -33.8| -27.7| -29.2| -17.6| -23.5| -29.8| -22.6| -30.9| -34.3| -33.8| -40.0| -46.8| -51.6
12.0| -10.0) -12.0| -13.1| -13.7| -16.7| -21.1| -24.1| -24.4| -33.4| -36.4| -38.4| -27.6| -29.0| -42.8( -26.1| -34.3| -27.2| -29.6| -16.4| -24.1| -30.8| -22.8| -33.1| -34.6| -34.0| -41.7| -49.6] -52.5
12.5| -9.5| -11.4-12.7| -13.4| -16.3| -20.7| -23.7| -24.2| -34.5| -40.7| -40.5| -28.9| -28.4| -42.0( -27.5| -34.2| -27.8 -29.6| -16.7| -23.2| -30.3| -23.0| -32.7| -35.1] -35.6| -42.0| -49.3| -53.0
13.0| -10.21 -12.2| -13.2| -13.8| -16.8| -21.1| -24.2| -24.6| -35.0| -41.3| -41.6| -29.9| -29.7| -42.5( -30.1| -34.0( -29.5| -29.3| -18.5| -23.5| -30.6| -25.6| -33.9| -36.2| -36.0| -42.2| -51.4| -54.8
13.5| -9.3| -11.4-13.0| -14.1| -17.5| -22.2| -25.2| -25.0| -33.5| -44.3| -43.8| -29.3| -30.0| -39.0( -31.2| -34.7| -32.2 -29.3| -21.0| -25.7| -31.4| -26.0| -34.3| -36.8]| -38.0| -43.8| -52.8] -55.5
14.0| -8.6| -11.1-12.7|-13.8|-17.3| -22.1| -25.2| -24.8| -33.2| -44.1| -45.5| -30.1| -30.4| -37.5( -33.2| -35.0( -35.4| -29.4| -19.6| -27.4| -31.4| -25.0 -35.3| -36.9]| -39.1]| -45.2| -53.1] -56.2
14.5| -13.0| -13.7| -13.5| -13.1| -15.5| -20.2| -24.9| -26.1| -29.9| -38.3| -44.9| -31.3| -29.9| -38.5( -37.7| -35.2| -37.1| -31.0| -18.6| -28.7| -32.9| -26.0| -35.8| -37.9| -38.7| -44.8| -51.3| -55.7
15.0 | -11.3 -13.0| -13.8] -14.2| -16.9| -21.4| -24.8| -25.5| -32.2| -39.3| -46.0| -32.6| -31.7| -38.8 -37.9 -36.9 -36.7| -31.6| -17.5| -26.7| -32.6| -28.1| -35.5| -36.5| -38.3| -43.4| -50.5| -55.4
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3. Extrapolation of the directivity “balloons” on the basis of the directivity curves

The directivity data obtained experimentally wesedi to define completely the three-dimensional
emission of the sound source, suing the Ramsetelatibn program. In particular, the Source Manager
module was used to transform, by means of intetipolathe directivity curves on the two orthogopklnes
into complete “balloons”; the figure below shows tiesult of that operation for the frequency of @6{z,
as well as the volume levels obtained from theuwation (it should be noted that these derive fibm

particular value of the power supply used durirgg¢burse of the test and, therefore, they do nwesent
the maximum capacity obtainable from the speakemttested).

Source Manager 1.8 - C:\MELISSAAVPEECKERAWPEECK1.SPK

- |O] x]
File Edit %iew “Window Help
o =
_ Sound Source Type N .
Pointed Datum l:l ’7 ' LoudSpeaker (" Moise Source ame:
Manuf :
Freq. 215 [63  [125 [250 [500 [1000 [2000 [4000 [8000 [ 16000 ) 315 H
Power Level [dB] TETH 96.77 10396 10373 9522 8752 9226 9251 9142 seag || stband: |:
Directivity 1.00 235 444 948 (2458 3012 959 1249 1348 2366 || lestband: | 16000 Hz
Sensitivity (dB 1%.1m)(0.00 000 000 000 000 000 000 (000 000 |0.00 —
Electr. Impedance 000 000 000 000 000 000 000 D000 000 D0.00
Efficiency (%] 459 215 11.26 1068 151 026 076 081 063 020
A *
Balloon M=l B3 |} Angle of plot = 0* Ed |} Angle of plot = 90* [ x]
Frequency : | JEIiliine =]
a0 Ll
n n
180 /20 fanfagl™ 180 /20 f3nfag]
2 27

The calculation was made for all the octave bamdsf31.5 to 16000 Hz, and, in this way, the
three-dimensional diagrams (“balloons”) of direitsilnave been built up for all the frequencies. Sharce
description file obtained (PEECK1.SPK), enclosedfloppy disk with this report, makes it possible to
apply the anticipatory calculation of the soundelevand other acoustic parameters (ratio direct
field/reverberation field, clarity index, Speechamsmission Index) in environments of arbitrary shap
taking into account the effective acoustic progsridf the materials and the exact position of thend

sources.

The following figures report 10 such balloons:
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Balloon =1 E3 Balloon M=l
Frequency : | 2000 Hz | Frequency : | 4000 Hz |

Wi
iy
Al

Balloon =1 E3 Balloon M=l
Frequency : | 8000 Hz =] Frequency : | 16000 Hz |

It should be noted that the principal axis (red)tlod loudspeaker in the diagrams above faces
horizontally, but it has been designed for use tithmain axis facing downwards. Consequentlysithe of
the loudspeaker with the tweeters correspondsetaipiper side of the balloons (blue axis).

The Tester Head of Department
( Angelo Farina, Engineer) (Prof. Gino Ferretti, Engineer)




