“"["l‘° /E\Ud_i° . XVIII Sympozjum Nowos$ci w Technice Audio i Wideo
N2 Sgg;:&ermg Wroctaw, 15-16 pazdziernika 2020

Polish Section

PRACTICAL IMPLEMENTATION OF CONSTANT BEAMWIDTH
TRANSDUCER (CBT) FOR STUDIO MONITOR DESIGN

Tomasz NOWAK"
Bartlomiej KRUK?

2 'Wroclaw University of Science and Technology, Faculty of Electronics, Department of Acoustics
and Multimedia, Wybrzeze Wyspianskiego 27, 50-370 Wroctaw, Poland
T.Nowak@pwr.edu.pl
Bartlomiej. Kruk@pwr.edu.pl

The first research on the Constant Beamwidth Transducer (CBT) dates back to the 1980s and
involved military research on underwater transducers. Later Don Keele applied this theory to
speakers, presenting the results in AES journals.

This paper presents the advantages of using CBT to build monitors. Like a linear source, it has
the same same advantage in reducing spl losses over a distance of 3dB per double the distance
compared to 6dB for a point source. The second important advantage is the achievement of a
larger listening area with a much more consistent SPL. compared to a point source.

1. INTRODUCTION AND BACKGROUND

CBT ORIGINS

Research on CBT describes a curved surface transducer in the form of a spherical cap with
frequency-independent Legendre shading. Shading is critical to achieve a broadband constant
directionality that provides extremely consistent beam width and directional behaviour with virtually
no side lobs.

This theory, extended by the use of circular arc-shaped speaker arrays, has been studied by Keele
since 2000 [2], [3], [4].

CONCEPT OF OPERATION

CBT theory dictates that each transducer in the board should be driven at different levels that are
compatible with Legendre's continuous shading function. The Legendre shading function gradually
reduces the levels of each transducer. In this example, the two lowest speakers in the array were given
full power, the next two levels reduced by 3 dB and the highest driver reduced by 6dB. Stepped gain
changes were realized passively using voltage dividers and by changing the impedance of the
transducer (a combination of serial-parallel connections).
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The big advantage of shading is that it can be done without digital signal processing that is, it can
be done passively.

ADVANTAGES OVER POINT SOURCE

The sound pressure level attenuation formula for point source is as follows:
SPL, = SPL; - 20 * log (R, / Ry) (@)

Where:

SPL,; is the Sound Pressure Level at point 1,

SPL, is the Sound Pressure Level at point 2,

R is the distance from the sound source to point 1, and
R is the distance from the sound source to point 2.

Attenuation formula for line source:
SPL, = SPL; - 10 * log (R, / Ry) )

The above formulas indicate a 3 dB of attenuation per doubling of distance from the line source
(within the critical distance) compared to 6 dB in the case of a point source. For a curved array and
CBT design, even at a greater than critical distance, the apparent acoustical center is further away from
the device’s front baffle resulting in higher SPL than a point source placed in the location of the front
of a CBT.

2. SMALL FACTOR CBT DESIGN GUIDELINES AND CONSTRAINTS

TRANSDUCER SELECTION

The loudspeaker device is divided into a low frequency and a CBT section. The former, with a
compact ‘bookshelf’ format in mind, consists of a high displacement, 125 mm transducer in an 8 liter
chamber with a helmholtz resonator tuned to 45 Hz. The latter is composed of 5 pieces of 72 mm full
range transducers with measured frequency response of 200 Hz to 18.5 kHz (-6 dB) and nominal
dispersion of 90 degrees (-6 dB, conical).

The diameter of full range drivers determines minimum acoustical center-to-center spacing on the
front baffle. Size of the diaphragm also influences lower frequency limit and high frequency beam
width narrowing (beaming). The choice of full range transducer was a compromise between
mentioned parameters.

POSITION OF THE APPARENT ACOUSTICAL SOURCE

The loudspeaker cabinet is designed to house the full range transducers in line with each other on a
curved front baffle. The tangent of this curvature is perpendicular to the ground plane, when the wave
reflection from this plane is taken into account, the acoustical axis is parallel to the surface the device
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is placed on. The radius of a front baffle is 1.1352 m which is also an apparent acoustical source
behind the loudspeaker device (fig. 1).
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Figure 1 Cabinet schematic

ELECTRICAL FILTER CONCEPT

Legendre shading was implemented for improvement of vertical directivity consistency over
frequency (fig. 2).
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Figure 2 Legendre shading - stepped approximation (angle in radians) [2]

The 5-loudspeaker array was divided into 3 sections: 2 bottom transducers connected in
series (0 dB), 2 middle transducers also in series with a voltage divider (-3 dB), one top trans-
ducer connected with voltage divider (-6 dB).

The drivers had a nominal impedance of 4 ohms, the array should have a resulting imped-
ance of at least 4 ohms as well, lower value could be a problematic load for common power
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amplifiers. The input impedance of voltage dividers was adjusted to achieve resulting imped-
ance of 4 ohms (fig. 3).
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Figure 3 Electrical schematic of shading implementation

3. PROTOTYPE MEASUREMENTS

The frequency response measurements were taken on a ground plane (fig. 4) at distances from 10
to 320 cm. The data is presented as an average SPL (in 500 Hz - 20 kHz band) over distance relative to
the level measured at 10 cm from the device. (fig. 5) The measured attenuation was compared with
theoretical slopes: a line source and a point source.
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Figure 4 Subsequent frequency response measurements over distance from the device
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Figure 5 Measured SPL over distance compared to theoretical behaviour of a line and point sources

The tilt of the measured slope is smaller than line source’s slope in near field (distance up to 40
cm) then slowly transitioning to being parallel to the point source’s slope tilt at 320 cm. Attenuation
over distance is between the line source’s and a point source’s theoretical values in the medium field.

For clearer presentation the additional point source attenuation curve was raised by 8.88 dB to
match the SPL of the measured device at 320 cm distance. It indicates CBT’s advantage over a point
source loudspeaker, which has higher difference in sound pressure levels over distance and
significantly lower efficiency in far field conditions.

The advantage of a CBT can be presented as a SPL gain over point source in function of distance
(fig. 6) and compared to equally calculated gain of a line source.



XVIII Sympozjum Nowosci w Technice Audio i Wideo

Distance from source [cm]
10 20 40 80 160 320
15.0

9.0

6.0
——Measured gain over point source

-=-Theoretical gain of a line source

3.0

0.0
SPL [dB]

Figure 6 Measured SPL gain over a point source over distance with theoretical line source gain reference

CONCLUSIONS

Considering the results presented in this paper: the small format curved loudspeaker array provides
measurable advantage over a point source loudspeaker in sound pressure level uniformity over
distance. This could potentially lead to larger ‘sweet spot’ in the listening area for the CBT devices.
Decreased sound pressure level between the near field and far field listening positions could provide
flexibility in the sound engineer’s positioning in the studio.

Further measurements of directivity behaviour and device optimization is scheduled.
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