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Experimental Piezoelectric System Identification
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Abstract In this research article, you wilearn about experimental system identification of natural frequencies of
vibration of a piezoelectric film element including a detailed introduction to several factors that often confound applicatio
of theories to the real world: 1) additional responsta dladuced by signal measurement, 2) signal harmonics, and 3)
signals induced by the power supply. Signals are read and processed from a piezoelectric element configured as a cantile
which is bent by a motor and cam assembly. Due to the piezoeleffeat, éhe strain created by the mechanical
displacement generates charges in the piezoelectric material, which is translated to a voltage reading with a chart
amplifier circuit. The effects of reference resistance and capacitance and the time coribtantrofit were investigated

using a National Instruments myDAQ. The myDAQ oscilloscope effectively displayed time response, but spectral data wa:
suspect. Especially since system identification (ID) largely comprises identification of the naturaildyedpis preferred

to not modify the signal being measured (as is tise @édth the oscilloscopelrurthermore, improved spectral plots were

seen with increased supply voltage (not always a good thing); therefore buffers were investigated next.rijre\bdée
improved spectral data, but the buffer output did whatever was necessary to the signal to make the voltages at the inputs
equal (again, modifying the signal). Using-amps in the buffer configuration resulted in pretty spectral plots, but
cont ained fighost o resampainatevest agbi cbavgengmphéefopr confi
reso a n cle al 6ases, taking measurements at the output of the charge amplifier was superior to taking measurements
the voltageamplifier. A twostage amplification configuration provided-tite-orderof triple voltage signal (pé&aminus

offset) amplification.Several of the cases investigated provided good signal amplification with very legible spectral data
plots.

Keywords Piezelectric, Sysem identification,Cantiever, National Instruments, myDAQ, -@mp, Buffer, Spetral
datg Sigral measuremenHarmonics, Poer supply frequencies

experments that distinguish real data from other factors that

1. Introduction often confound theoristseeking to apply their knowledge
experimentally: 1) additional response data induced by
1.1 Background signal measurement, 2) signal harmonics, and 3) signals
The purpose of this research includes using a Natiomagluced by the power suppiWe 6 1 I st art by |

Instruments [19] myDAQ [2] to read and process signal¢he effect of Rref, Cref (reference resistance and
from a piezoelectric film element [30]. See Figure 1. The capacitance respectively) and the time constant of the
goal of thepaper is to stand as an edsyfollow guide to intended circuit [8].

experimental system identification with many illustrations ) ,
to help investigators duplicate the procedure asditeA 12 Literature Review

piezoelectric element is configured as a cantilever [4], Space radar structures [11] utilize smart structural control
which is bent by a motor anc&m assembly [5]. Due to the of lightweight spacecraft usingiezoelectric elements begin
piezoelectric effect, the strain created by the mechaniggth controlling the rigid body dynamics (equation (1) in
displacement [6] generates charges in the piezoelectg)) that are disturbed by rotating attitude control actuators
material, which are translated to a voltage reading withg2 13 15 17, 20, 25 27]. Especially to avoid
charge amplifier circuit [7]. This article takes theader controbstructural interaction, flexible appendages and
through a rigorously documented procedure taluplicate  ropotic manipulators are included by adding the flexible
. dynamics to the rigid body dynamics. In order to account
;ﬁ?n:rsesggggrs‘?aiz:‘(izmmothy Sands for imprecise estimates of the dynamic propsrtienlinear
Published onlinat http://journal.sapub.orjgiea adaptlve controllers ?‘re a IOgIC,aI next Sté{S, [16_’,19’_
© 207 TheAuthox(s). Publishedby Scientific & Academic Publishing 21-24, 26, 28-32] that include online system identification
This work is licensed under the Creative Commons Attribution International algorithms [®-32]. These algorithms perform ubiquitously
License (CC BY)http://creativecommons.org/licenses/by/4.0/ better when initialized by good estimates of system
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parameters, makg a priori system identification very frequency content in the experimental signal. The result will
important. Taken together, these methods provide effectillastrate tha increased supply voltageroduces superior
control of lightweight, flexible space structures with finelata plots.Next, using operational amplifiers as circuit
pointing supporting wiekarray radar employment [11, 14,buffers is investigated as another option for superior plots of

18] or optical imaging. spectral content with iterations for various reference
capacitance and reference resiseanalues. In addition to
1.3. Formulation of the Problem of Interest for This providing experimental results for each iteration in data plots,
Investigation the results are summarized in data tables to allow numerical

This research focuses on tte priori estimation of comparison including two commonly available operation
natural frequencies of the piezoelectric elements of robog@igplifiers.
appendages of spacecraft. The rigid body dynamics
expressed in equations {®) in reference [1B The .
rotating actuator disturbance dynamics are express%d Materlals, Methods, and Results
equations (#11) of reference [13] and equations-(R) in
reference [2Q]The nonlinear adaptive control equations arg, .
displayed in equations-@ of reference [32]These online
system identification algorithms require good estimates
system parameters, one of which is the natural frequenc
the piezo electric element which embodies the mass
stiffness properties of the element per equation (1) below:"

Wy = [K}/[M] 1)
The stiffness is a relationship between the applied forc

and resultant displacement per equation 2, in this ca
bending displacement of the cantilever piezo element.
[K] = [FIAx} )

Thus, the most important measure is aceurat
displacement. Later in th&lethods section, the piezo
displacement relationship will be revealed as a second ord

mathematical equation that will be used to solve for th
natural frequency given experimental deflection data.

A motor and a plastic cam mounted on the motor are used
yclically bend a piezoelectric cantilever. $égure 1 &
Figure 2. The piezoelectric cantilever is deflected slightly,
Bhce per revolution generating a voltage. The piezoelectric
B%P’iment has twelectrode contacts and has been mounted on
side of a DIP (duallne pin) IC socket.

1.4. Contribution in this Study Figure 1. myDAQ connected to piezo element

The contribution to this study lie in illustration of
realworld techniques to implement measures necessary
maximize performance of online, nonlinesdaptive control
of highly flexible spacecraft using piezoelectric elements an
sensors and poteally actuators for controlling
ultraclightweight, highly flexible spacecraft appendages. Th
unigueness lies in the actual laboratory system identificatio
procedures to initialize the dynamic, nonlinear adaptive
controllers that are based on the math@ahtsystem e
models. :

15. Organization of this Paper

Following this introduction, the paper will immediately '
describe very detailed procedures to perform-weald
system identification using in expensive laboratwardware. Figure 2. Hardware configuration
Very detailed procedures ararticulated to maximize
repeatability, and results are given for various Iogicgl'
configurations, even when the results are poor, highlightingWe can estimate the rotational rate of the motor by simply
relatively good and bad configurations for experimentabting the time it takes the motor to accomplish one
analysis in both time domain and frequency domain, wheawevolution (the time between spikes in voltage measurements)
particular attention is given to power supply voltage whilas displayed in Figure 3 where the motor is being fed 1.5V,
spectral contributions from power supply are highlighted tA source. Set the prelto 1X (corresponding to an input

1.Estimate Motor Rotational Rate

prevent the reader some erroneously inferring the identifiede si st ance of 1 Mqg). You al so
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to reflect this setting: Press Chl Menu and change the Préb8 0 é h a | f of 900 is 450¢éand
setting to 1X. For easier reading, you can press the Run/Saopund $0Hz. Onethird of 900 is 600, and weee a peak
button to freeze the waveform. around 600Hz.Thus, the two other spikes are likely
2 fractionalordered harmnics of the natural frequencyhis
i : will be discussed further in all the subsequent sections.
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Figure 3. Estimating motor speetime vs. deflection amplitude 7 e
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Figure 4. Software configuration

The myDAQ was used as an oscilloscope [9] at the probdé
was set to 1X corresponding|to an
The program used to collect data is depicted in Figure 4. The
ambient response was plotted (Figure 5) prior to activation
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the motor to undstand theportion of the response that was.2 0.p1 p5
provided by the myDAQVhen the motor is provided 1.5V v
and the oscilloscope is sef |[to 1M wr|e=§r(6§g.}2iﬁ:z arle dep
Figure 6. -6 / 4

The piezo element is a second order system [10] per P 2i/of
Equation3. The mechanical defttion of the piezo with 8 we-tomon

periodic impulses may be modeled by a mgmsngdamper Figure 7. Est i ma,tby tingebetween peakstime vs. deflection
system oralternatively by a RC circuitAssuming the amplitude

underd amped case, 0 sesporise betzaves :t h e t i me
per Equation4d wher e the natur al fer
estimated sing the impulse response by measuring the time:-
between subsequent peaks. See Figures 7&8 which reveais
an estimate of natural frequency. °

X (s WHER2 gse+oA) ® w\
6 —A OES p B @ :
Notice the ,p898HK(preity dogentd they ., 8 |0,=898 Hz
second estimate) is joined by two other peaks indicating. :Zﬂg"a:b :

there are other frequencigsesent in the voltage signal.
Speaking coarsely, consider the natural frequency is around Figure8. 2nd Es t iy timaetve detiettiommplitude
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) (2.5v, 3V, 4.5V, and 6V)The frequency response data is
pretty bad at first, but with increasing voltage the plots
improved (ref: Figure 10Figure 17, Ryure 19). Setting the
probe to 10X changes the oscitmpe input resistance to
1 0 MContinue to compare 1X, 10X, and using myDAQ
for >10Gq.
As described earlier, the frequency response data is very
poor at 1.5V, and the resonances are not easitewiible.
On the other hand, at 6V it is easy to see resonances just over
N 40Hz, exactly at 60 Hz (clearly due to the power supply), just
Figure9. FF T r e \&®thdr spectral content: frequency vs. response . . . . )
amplitude over 80 Hz (likely ha_rmomcally linked with the signal at
40Hz), a resonance just over 100Hz (120Hz seems more
2.11. SetPrabe to 10X theoreticallylikely if its linked to the 60 Hz signal), and
zoom the depicon sround 200z Do you expe ONT P 1A 190 092 ol ramorical ke
saturation above 5VRegardless, the following plots depiCtBaseg on Figure 19y,~160Hz P gest
a repositioned piezo element with varying appliedages n

[449 Hz| [612 Hz |
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Figure 10. 1.5V Power supply calibration plot
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Figure 11. myDAQ calibration at 1.5V
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Figure 12. 1.5V Piezo Output data
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Figure 13. 3V Output calibration plot

Figure 14. 3V Piezo Output data



