A
7\
2\

24th INTERNATIONAL CONGRESS ON SOUND AND VIBRATION  |CSV 24

23-27 July 2017, London 23-27JULY 2017 w |
LONDON CALLING

STUDY ON THE BAFFLED EFFECT OF MOBILE PHONE
PANEL

YuCheng Liu

Feng Chia University, Bachelor's Program in PrecisiSystem Design, No. 100, Wenhwa Rd., Seatwen,
Taichung, Taiwan
email: yucliu@fcu.edu.tw

The aim of this paper was to demonstrate the lwhéféect of mobile phone panel at higher fre-
guencies and presents an approach for localiziagtimal position of microphone receiving
hole in the mobile phone with the aid of Abaqus owrcial software and verification experi-
ment conducted in anechoic chamber. Due to rapiintdogical development, the mobile
phone has not only become a communication devigiealso a daily necessity. In addition to
the requirement for slim design, improvements aeded in the clarity and quality of sound,
especially for the microphone system at higherdesmgies. One of the influencing factors is the
baffled effect from the panel design, especiallyhi@a smart phone. Thus, this paper mainly fo-
cuses on the influence of this effect in the mophene panel. The results revealed the optimal
location of microphone receiving hole using Abagafiware, tested in anechoic chamber. With
Abaqus software, the existence of baffled effecthia mobile phone panel can be clearly
demonstrated, especially at higher frequencies.eblar, the variations and relationships of
sound field with different sizes and positions ahpl can be analyzed. Many commercial mo-
bile phones are also modelled using FEM softwarigh werification in anechoic chamber.
There is perfect agreement between simulated aperiexental results. Transferred frequency,
in the range of 5 kHz to 6 kHz, causes sound predgsudrastically change and may prove use-
ful in the design process. Finally, all receivirttacacteristics of microphone system, including
the influence of internal components and exteraéfldd effect, had been programmed and in-
tegrated in a graphic user interface (GUI) system.
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1. Introduction

With the recent development of technological treimd&earable devices, portable devices, such
as mobile phones, smart phones, tablets, and lsypt@pe dramatically increased in usage and have
become a necessity of life. In addition to funcéility and appearance, sound quality is an im-
portant factor in the design of portable devicessrhart phones and tablets, quality of sound trans-
mission and reception has had to be sacrificedadpdsted to conform to the requirements for wide
touch screen, which result in baffled effect. Altigh baffled effect always exists in such devices
and can be approximated with a rough theoreticahttgn [1], results are only consistent at lower
frequencies. With the help of numerical technigisenson presented a very economical and ef-
fective system involving a plane reflector unddfedent baffle shapes in 2002 [2]. All the analysis
results were limited below 3.5 kHz. In higher frequy range, discrepancies become larger. This is
due to the strong directivities of sound at higiiequencies and smaller wavelengths. Any obsta-
cles in the path or in the surroundings easilyrfate with the propagation of sound. Higher fre-
guency components are essentially related to squality, such as distortion, timbre, and emotion.
Without these components, sound is monotonous aldrdr human audio enjoyment and for re-
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taining high fidelity, most portable devices aresigaed for performance at higher frequencies
(100Hz ~7 kHz) instead of at narrowband only, saslBGGP system [3].

Although the components of higher frequencies lagortant in terms of sound quality, it is dif-
ficult to make predictions or carry out simulatiomgh theoretical equations only. Thus, the aim of
this study was to focus on the microphone systemabile phones to verify the existence of baf-
fled effect. Furthermore, the influence of baffleffiect from touch screen and panel were analyzed
with commercial finite element software, Abaqus.tih¢ same time, the influences of the hole, used
for receiving and transmitting external sound wigeinal microphone, including the location on
panel and thickness of panel, etc., were investthaind verified by testing in anechoic chamber
with standard equipment.

2. Schematic diaphragm of microphone system

Figure 1 shows sectional view op6ondenser microphone unit with front waveguideqdent-
ly found in commercial devices. Influences on tlagmeters of condenser microphone system
were based on Pawar et al. [4]. In the theorepeal, two approximated equations expressing baf-
fled-end and free-open-end were referenced fronarigee [1] and listed as Eq. (1). Only flat per-
formance in higher frequency range could be obthiegen under the considerations of equation 1.
Thus, these expressions were not strong or powenfoligh to predict the baffled effect caused by
external panel.
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Figure 1: Schematic diagram for the condenser mplaoe system.

3. Measurement

Figure 2 shows the testing equipment used in tiidys which included B&K electroacoustic
equipment, Tannoy loudspeaker (system 1000), anddoheck 8.11 software for signal analysis.
The distance between sound source and condensepminie was limited to 20 cm. All testing
was conducted in standard anechoic chamber.
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Figure 2: Testing environment and equipment.

Figure 3 shows the testing results for microphaméwith and without external panel. When the
frequency was lower than 0.8 kHz, performance Via®st the same. The reasons for the observa-
ble shifts in the test results were inherent défees in microphones and testing error by inference
With frequency increment above 0.8 kHz, a rapidgumecurred, reaching a maximum of around
1.9 kHz. After that, there were larger variationbis situation was only found with panel and great-
ly differed from that of microphone unit only. Thiblenomenon is the so-called baffled effect and
is caused by the panel surrounding the entranae dfanicrophone. In other words, baffled effect
exists in any system with panel at higher frequesici
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Figure 3: Comparisons of condenser microphone athwithout panel.

4. Baffle parameters

In order to understand the influence of panel patars on the baffled effect, three panels of dif-
ferent parameters, shown in Figure 4, were manufaedt Parameters included positions of micro-
phone receiving holes in the panel and thicknessganel, and closely imitated the conditions of
mobile phones. Furthermore, the influences of paiehtions at natural frequencies were tested
using hammer and accelerometer.
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‘ Dimension for baffle-1, 2, and 3 (unit: mm):
. 1.Baffle-1: 180*90*5
. 2.Baffle-2: 180*90*20

4 .4 3.Baffle-3: 180*65*5
\ 5 (Center)
Te™
@)"/ ’
Al
) \.,. .
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Figure 4: Various parameters of microphone recgiyiositions and panel thicknesses.

4.1 Effects of position

The influences of microphone receiving holes aioter positions in the panel were investigated.
Based on the considerations of geometric symmédy, points, numbered 4, 5, 7, and 8, respec-
tively, were defined in advance and used for subsetesting. Results were normalized with mi-
crophone unit only to make the baffled effect cleasrshown in Figure 5. Smaller baffled effect was
found at position 7, located in the corner, duenty a quarter of the area surrounding the hole. If
the microphone hole surrounded the panel, as iitipos, baffled effect could be predicted to
reach the maximum value. For the other two posstiomimbered 4 and 8, respectively, these influ-
ences were between numbers 5 and 7. Although the kalf panel surrounded the receiving hole,
baffled effect at position number 4 was more sexithan that at position number 8. The reason was
that the area of this half panel at number 4 wegelathan that at number 8. Thus, it can be con-
cluded that baffled effect is not only due to surmding panel, but also, and more importantly, to
area.

Whatever the changes at these four positions ipanel, the frequency and maximum and min-
imum values at higher frequencies were almost umgdé Furthermore, these phenomena and var-
iations at different positions only occurred atdvel5 kHz. After that, all of the phenomena and
variations were completely reversed. The seriousiméghe influence of position number 5 was
reduced above this reversed frequency. Indeperafethe geometries of panel, this reversed fre-
guency was found at around 5 kHz in (a), (b), a)dThis is a much different result than for mi-
crophone unit only.
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Figure 6: Comparisons of various panel thickneggggosition 4; (b) position 5.
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4.3 Contribution of panel vibrations

To determine if panel vibrations contribute to togresponding frequencies, we determined the
natural frequencies of Baffled-2 using B&K hammaéathwaccelerometer and executed signal pro-
cessing with PULSE 3560C. Figure 7 shows the siiedltesting structure, and Figure 8 shows the
results. Natural frequencies of Baffled-2 were ah8.5 kHz, 4.8 kHz, 7 kHz, and 9 kHz, respec-
tively. Moreover, we found higher frequencies thatjacent frequencies. Thus, we believe that
panel vibrations also affect microphone receptiopaael vibrating frequencies.
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Figure 8: Comparisons of panel vibration and mibmyge reception.

4.4 Finite element simulation by Abaqus

Finite element simulation is a convenient and papwlay to predict the performance of a target
in a diversity of fields. If there is good agreermbéptween finite element simulation and testing,
simulation techniques can be used in subsequerksvWior comprehensive investigation and discus-
sion of parameters of interest. We selected Abagitsvare to simulate sound reception of micro-
phone system in finite space with and without &mpanel. The influences of the parameters dis-
cussed above were simulated. Figure 9 shows thelatieal model. Results of simulation and test-
ing are shown in Figure 10. Good agreement in padoce, level, and frequency locations was
obtained. The discrepancy between the two meth@dslew and resulted from testing error or the
simulation settings by inference. Moreover, simolatwith finite element commercial software,
Abaqus, satisfied simulation results for the predics of microphone reception. We believe that it
can be efficiently applied to advanced analysis@nmtrol of finite sound field in the future.
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Figure 10: Comparisons of baffled effect by testimg simulation.

5. Conclusion

We investigated the baffled effect on microphormeption from the panel by testing and simu-
lation with finite element. Baffled effect has ndluence at lower frequencies. With frequency in-
crement, its influences appear abruptly and ineredrmmatically above 1 kHz, which is large
enough to take into account in product design.Heunhore, the conditions surrounding the micro-
phone receiving holes on the panel are another riiapofactor in baffled effect. A reversed fre-
quency at around 5 kHz existed in all cases. Alhef characteristics were reversed above this fre-
guency. This may provide a reference for panelgteand position selections of microphone recep-
tion holes in the future. We also found that ndténequencies of panel promote and increase the
capability of microphone reception. Finally, simelh baffled effect showed close results with
those obtained through testing. Thus, more comglitaharacteristics of propagation or receiving
with diverse transducers in finite space can bectly predicted and controlled with Abaqus in the
future.
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