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ABSTRACT--- This paper presents piezoelectric transducer driving system with maximum power point tracking
(MPPT) and zero voltage switching (ZVS) features. The proposed driver is applied to ultrasonic cleaner and to
achieve a good cleaning performance by varying the resonance frequency of piezoelectric transducer. The resonant
frequency of piezoelectric transducer depends on the operating time, temperature and load. The piezoelectric driving
system which includes half-bridge inverter, series resonant parallel loaded (SRPL) and an EM78P458 micro-
controller. The driving system is done at a resonant frequency at which the electric impedance is minimum and the
phase shift between the voltage and current of the transducer is nearly zero. For switching frequency f; > resonance
frequency f,, the phase shift ¢ >0, the resonant tank represents an inductive load, thus the switches can be operated in

ZVS. The measured results of the system are shown to verify the MPPT and ZVS features of the proposed system.
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1. INTRODUCTION

Ultrasonic cleaner uses ultrasound traveling through liquid to remove contaminants and deposits from material
surfaces, holes, and cracks. Usually, piezoelectric transducer (PZT) is adopted as the vibration sources for the ultrasonic
cleaner. The electrical performance of the piezoelectric transducer is depended on several factors e.g. mechanical load,
temperature and deposits of polymer on the transducers [1]-[3]. A lot of inverter topologies and control methods for the
PZT driving systems are found in the literature [4]-[10].

This paper presents a piezoelectric transducer driving system with maximum power point tracking (MPPT) and zero
voltage switching (ZVS) features. The proposed driver is applied to ultrasonic cleaner and to achieve maximum cleaning
performance by varying the resonant frequency of piezoelectric transducer.

2. SYSTEM CONFIGURATION AND DESIGN PROCEDURE

The piezoelectric driving system which includes half-bridge inverter, series resonant parallel loaded (SRPL) and an
EM78P458 micro-controller. The control block diagram of the proposed ultrasonic cleaner system is shown in Fig. 1. To
achieve the MPPT and ZVS features, the phases of the voltage and current of the piezoelectric transducer are sensed to
determine the switching frequency of the half-bridge series resonant parallel loaded inverter (SRPLI). Fig. 2 shows the
circuit of the SRPLI.

At the resonance frequency f,and anti-resonance frequency f, of the transducer, the impedance presented by the
load is resistive. When the system frequency is between resonance frequency f, and anti-resonance frequency f,, it is
inductive. Otherwise, the transducer is presented in capacitive. Resonance frequency f, and anti-resonance
frequency f, are represented in equations (1) and (2).
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Fig. 1. The control block diagram of an ultrasonic cleaner system.
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Fig. 2. Half-bridge SRPLI driving circuit for an ultrasonic cleaner system.

The driving system is done at a resonant frequency at which the electric impedance is minimum, and the phase shift
between the voltage and current of the transducer is nearly zero.

The resonance frequency of piezoelectric transducer depends on its time, temperature and load. The piezoelectric
driving system which includes half-bridge inverter, SRPLI and an EM78P458 micro-controller.

The design criterions and procedure of the proposed system are listed as follows:
1. The transducer all operates at resonance frequency for the best clean performance,
2. The SRPLI all operates in inductive load for zero voltage switching (ZVS) feature.
Step1:

Determine the value of resonance inductor L,and capacitor C,, using (3)
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Step 2:

For switching frequency fs > resonant frequency f;, the phase shift ¢ >0, the resonant tank represents an inductive

load, thus the switches can be operated in ZVS. Thus, we can determine the switching frequency. The key waveforms of
the SRPLI when the system is operated under inductive load which are shown in Fig. 3.
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Fig. 3. The key waveforms of the SRPLI under inductive load

Step 3:

To adjust the switching frequency and let the voltage and current of the transducer is in phase. The maximum power

point tracking of the proposed system can be achieved.
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3. ILLUSTRATION EXAMPLE AND DISCUSSION

An ultrasonic cleaner system with phase control is used to illustrate the previous analysis and design. The equivalent
circuit of the transducer is shown in Fig. 4, where the characteristic parameters are listed in Table I. The simulation and
measured impedance of the transducer is shown in Fig. 5 (a) and (b). From the simulated and measured results, we can
see that the
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Fig. 4. Equivalent circuit of a piezoelectric transducer

Frequency

phase
£(DEG)

90 DEG | \‘
|

|

magnitude \
/ [
|

43700.0 ] [ 527000
| FlHz)

\
| \
Y N\

'-fsm%é Yo

(b)
Fig. 5. Impedance of a piezoelectric transducer: (a) simulation and (b) measured.

The experimental results of the proposed system are shown in Figs. 6-8. Fig. 6(a) shows the measured voltage and
current waveforms of the driving system are not in phase without the MPPT control algorithm. With the MPPT control
algorithm, we can see that the measured voltage and current waveforms are in phase and shown in Fig. 6(b). Fig. 7 shows
the measured voltage Vps and current Ips waveforms of the switch of SRPLI, the ZVS feature is achieved. Fig. 8 shows
the measured oscillation waveforms of the piezoelectric transducer for an ultrasonic cleaner. The measured results of the
system are shown to verify the MPPT and ZVS features of the proposed system.

Table I. Characteristic parameters of a piezoelectric transducer

parameters value
L, 7.01mH
Cn 1.79nF
R 1.65Q
Cy 5.27nF
Q 1195.9
f, 44.89 kHz
fa 51.66 kHz
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(Vzp = 50V/div ~ Izp @ 0.5A/iv ~ time : 20us/div)
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(Vzp : 50V/div ~ Izp = 0.5A/iv ~ time : 20us/div)
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Fig. 6. Measured voltage Vzr and current Iz
waveforms of the piezoelectric transducer: (a)
without MPPT and (b) with MPPT

Fig. 7. Measured voltage Vps and current Ipg
waveforms of the switches
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Fig. 8. Measured oscillation waveforms of the transducer for an ultrasonic cleaner

4. CONCLUSION

This paper proposed a MPPT and ZVS features with a low-cost micro-controller for an ultrasonic cleaner. The
design procedure of the proposed piezoelectric transducer system has been outlined in this paper. The prototype of such a
piezoelectric transducer system for a 45W ultrasonic cleaner has been designed and implemented. The simulated and
measured results of the system are shown to verify the MPPT and ZVS features of the proposed system.
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