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Abstract Different actuators have been developed for active noise control. A broad-
band linear actuator, typically a loudspeaker, is often used. However, this is not an
absolute necessity, the important issue is that the performance is “good” in the fre-
quency band where the actuator should work, and that the actuator can produce the
volume displacement needed. A speaking panel is a lightweight actuator, intended to
be applied in propeller aircraft where the weight consideration is of great importance.
The dimension of the used speaking panel is 200x600 mm. The panel is based on piezo
ceramic materials embedded in a thin carbon fiber plate, resulting in a lightweight and
more flexible actuator for trim panel mounting in an aircraft, as compared to a normal
loudspeaker. A disadvantage, though, is that the actuator shows a nonlinear behav-
ior, that cannot be overlooked when designing the controller. The cabin noise inside a
propeller driven aircraft consists essentially of tonal components originating from the
propellers as well as broadband boundary layer noise. However, it is only the tonal
components that will be targeted by the controller therefore a narrowband controller
has been used in this application. With this in mind the nonlinear characteristics are
evaluated in terms of frequency response functions and harmonic distortion. An evalu-
ation of the speaking panels together with a MIMO complex filtered-X LMS algorithm,
is presented. The setup consists of four speaking panels, mounted in a test mock-up,
four control microphones and two monitor microphones. The controller is implemented
on a Texas Instruments C31 signal processor.

1. INTRODUCTION

The speaking panel(SP) is based on piezo ceramic materials embedded in a thin carbon
fiber plate. The fiber plate is fitted into a stiff aluminum frame making the panel
movable in such a way that only the key bending modes are excited. The SP should
then be fitted into the trim panel in, for example, an aircraft, a train set or in any
other means for personal transportation where the constrains for low weight and small
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Figure 1: The experimental setup for the analysis of the speaking panel actuators.

mounting depth is an issue. The airplane section, used for testing is shown in Fig. 1.
The experimental setup consisted of two “windows” with one speaking panel above and
one below each window, in all, four SPs. It is very important that the mounting is made
very soft so that when exciting the speaking panel the vibratory energy transmitted into
the trim panels should be insignificant. Additionally, the soft mounting also to prevent
coupling between different SPs which is important from a control point of view.

The speaking panel itself has a limited active frequency range from 90 Hz to 400 Hz.
Empirical, it has been observed that it is often simpler to obtain higher performance if
requirements are restricted to a narrow frequency range when designing the actuator.
Algorithms for active noise control work well with “non-flat” or bandwidth limited
actuators.

If an actuator, band limited or not, should work well for active noise control there are a
number of different criteria that need to be fulfilled. Distortion is a collective name for
various phenomena. In general, it is a deviation from what is “desired.” The intention
with the speaking panel was to use them with a narrowband controller, therefore the
distortion was evaluated in terms of Total Harmonic Distortion, [1].



2. THD MEASUREMENTS

The Total Harmonic Distortion or the THD is always related to a certain excitation
frequency, the fundamental. According to the definition, only multiples of that frequency
(”harmonic overtones”) are taken into account in calculation of the THD. Any noise
occurring below the fundamental frequency or between the harmonics, is not included.
In practical measurements only the first K harmonics are included in the calculation of
THD, [1],

THD =

√√√√
∑K

k=1 A2
k∑K

k=0 A2
k

% (1)

Here, A0 is the RMS value of the fundamental frequency and Ak is the RMS value of
the harmonic k. It is possible to clearly hear a distortion of 10%, if it is mainly odd
harmonics, but it is questioned if a trained audiophile can perceive a THD less than 1%.
This is especially true if even harmonics are dominating the distortion.

To investigate the amount of THD that the different SPs produced, two different mea-
surements were performed: THD as a function of frequency and THD as a function of
output level. In both cases, the number of harmonics, K, was set to 5.

The frequency of the input signal to the speaking panel was varied between 104-180
Hz. The output THD, was measured by a HP dynamic signal analyzer at a microphone
positioned at one of the airplane seats. The microphone was located approximately 0.8
to 1.2 meters in front of the speaking panel depending on if it was a panel above or below
the airplane window used. This position is interesting since it will be used by a potential
active control system as error sensor position. The input THD was neglected since it
was below 0.05%. All results are based on power spectral estimates with a block length
of 1024, an average of 20 spectra using a flattop 401 window. During this measurement
the input level to the speaking panels was constant.

Fig.2 shows the THD as a function of frequency for a constant input voltage. The figure
shows results from three of the four SPs, since one of the SPs was broken due to overload
performing the experiments. As illustrated in Fig.2 there are a large variation in THD
for the three different panels. If the THD is above 6% it is clearly audible and it is not
recommended to use the panel in this frequency range. Further investigation needs to
be done to understand why panel no.1 has higher distortion then the other two panels.

The output level, in terms of sound level (dB) at the microphone position at the seat
was varied between 72 - 86 dB. The frequency of the input signal to the speaking panel
was fixed 116 Hz. The other settings were unchanged. All of the SPs showed an increase
of THD with increasing output level as presented in Fig.3. Accordingly, the controller
should be designed with this fact in mind, and the output level for each panel should
be limited in such away that the THD does not exceed a certain value.

2.1 FRF Measurements

During the Frequency Response Function (FRF) measurement the input level to the
speaking panels was constant. The SP shows bandpass characteristics with a peak
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Figure 2: THD as a function of frequency with constant input signal level.
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Figure 3: THD as a function of the output level (dB) measured in the microphone for an input frequency
of 116 Hz.
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Figure 4: The FRF of the speaking panels, measured as the transfer function between the actuator input
and the microphone output.

around 165 Hz as presented in Fig. 4. The shape of the FRFs from the panels is quite
different, but this is not a problem, as long as the controller can produce a driving
signal to the speaking panels that is large enough. If the results from Figs. 2 and 4 are
combined it is shown that a low distortion is obtained at points where the FRF curve
has its peaks (large output) and vice versa.

3. The Active Noise Controller

To be able to investigate the performance of the SPs for an active noise control ap-
plication, a complex Filtered-X LMS controller,[2],[3], was implemented on a TMSC31
DSP from Texas Instruments. Four microphones were used as error sensors, positioned
at the airplane seats as shown in Fig.1. A number of loudspeakers were used to create
the primary sound field, that consisted of a single tone, the fundamental blade passage
of a typical aircraft. The fundamental frequency in the primary sound field was varied
between 104-180 Hz. To observe the performance of the active noise control system,
monitor microphones were placed in-between the error microphones. The noise inside a
propeller driven aircraft consists essentially of narrowband harmonic components related
to the blade passage frequency of the propellers, therefore the performance of the active
noise control system was evaluated in terms of narrowband attenuation. An attenua-
tion of more than 40 dB was achieved at 110 Hz as shown in Fig.5, but the broadband
attenuation is somewhat lower due to an increase in distortion. The controller used has
one complex weight for each harmonic and each output yielding the possibility to have
different convergence factors for each harmonic and each output, making the controller
more adjustable to the degrees of distortion each SP posses.
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Figure 5: Performance of the active noise control system, measured in the two monitor microphones.

4. Summary and Conclusions

For an active noise and vibration control applications, it is not an absolute necessity
for actuators to have broadband and linear characteristics. The important issue is that
the performance is good in the active frequency band. The problem is often that actu-
ators, in our case the speaking panels, show a nonlinear behavior, especially for some
frequencies. Total Harmonic Distortion measurements and Frequency Response Func-
tion measurements are two ways of analyzing the nonlinear behavior if the actuators.
This type of preanalysis is of utmost importance when designing the active noise control
system. When handled carefully good results can be obtained.

REFERENCES
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