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Piezoelectric injectors allow to inject precise proportional quantities of fuel at extremely high speed. Controlled by pulses
from the engine management unit, they work like solenoid valves, opening and closing back very rapidly, spraying the
exact quantity of fuel determined by the injection computer into the engine combustion chambers.
However, for this type of injectors an impulse of a hundred volts is applied in order to actuate them. This is a big
concern in automotive environment, where the 12 V battery voltages is still the main power source available.
Therefore, a power converter is needed to interface battery voltage and piezo actuator; for mechanical and electrical
reasons (weight, dimensions and power losses) a switching amplifier is preferred with respect to linear amplifier, especially
for this type of applications where efficiency and weight are the main issues.
Fig. 1 presents a switching amplifier for piezo actuator: it consists of two components, a unidirectional DC/DC converter
with a small input power that loads a large buffer capacitor and a bidirectional DC/DC converter, which controls the
energy alternating between the buffer capacitor and the piezo actuator. The requirements on the unidirectional DC/DC
converter are few. It only needs to compensate for the power losses of the two stages plus the energy dissipated in the
actuator and the connected mechanical system [6].
Conventional DC/DC boost converter is not the best solution in piezoelectric based applications where a high step up
ratio (more than 20) and high efficiency power conversion is required. Flyback converter could be an alternative topology
but presents high switching losses and it has an insulated output, so not compliant with electrical load specification.
An efficient high-step up DC/DC converter is presented for interfacing the standard 12 V battery with the high voltage
DC-bus used for piezoelectric actuators system. In the proposed converter, two coupled inductor boost converters are
interleaved and controlled by an FPGA. Different types of control techniques could be used to limit the input current [7];
the solution presented herein allows fast transient response and best performances with respect to traditional control
techniques. Moreover the implemented technique has the advantages of lower electromagnetic emission and higher operating
frequency capability, compared to the standard fixed frequency control; on the other hand it is difficult to design
the EMI filter due to the intrinsic variable frequency. The high computational load of the control algorithms forces the
use of an FPGA implementation in order to achieve the desired accuracy in real time control at the frequency of the PWM
signal needs for the DC/DC converter, which will be 200 kHz.
Design and analysis of the proposed converter are presented. Finally, experimental results are reported in order to validate
the proposed converter.
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				Abstract

				Piezoelectric injectors allow to inject precise proportional quantities of fuel at extremely high speed. Controlled by pulses
from the engine management unit, they work like solenoid valves, opening and closing back very rapidly, spraying the
exact quantity of fuel determined by the injection computer into the engine combustion chambers.
However, for this type of injectors an impulse of a hundred volts is applied in order to actuate them. This is a big
concern in automotive environment, where the 12 V battery voltages is still the main power source available.
Therefore, a power converter is needed to interface battery voltage and piezo actuator; for mechanical and electrical
reasons (weight, dimensions and power losses) a switching amplifier is preferred with respect to linear amplifier, especially
for this type of applications where efficiency and weight are the main issues.
Fig. 1 presents a switching amplifier for piezo actuator: it consists of two components, a unidirectional DC/DC converter
with a small input power that loads a large buffer capacitor and a bidirectional DC/DC converter, which controls the
energy alternating between the buffer capacitor and the piezo actuator. The requirements on the unidirectional DC/DC
converter are few. It only needs to compensate for the power losses of the two stages plus the energy dissipated in the
actuator and the connected mechanical system [6].
Conventional DC/DC boost converter is not the best solution in piezoelectric based applications where a high step up
ratio (more than 20) and high efficiency power conversion is required. Flyback converter could be an alternative topology
but presents high switching losses and it has an insulated output, so not compliant with electrical load specification.
An efficient high-step up DC/DC converter is presented for interfacing the standard 12 V battery with the high voltage
DC-bus used for piezoelectric actuators system. In the proposed converter, two coupled inductor boost converters are
interleaved and controlled by an FPGA. Different types of control techniques could be used to limit the input current [7];
the solution presented herein allows fast transient response and best performances with respect to traditional control
techniques. Moreover the implemented technique has the advantages of lower electromagnetic emission and higher operating
frequency capability, compared to the standard fixed frequency control; on the other hand it is difficult to design
the EMI filter due to the intrinsic variable frequency. The high computational load of the control algorithms forces the
use of an FPGA implementation in order to achieve the desired accuracy in real time control at the frequency of the PWM
signal needs for the DC/DC converter, which will be 200 kHz.
Design and analysis of the proposed converter are presented. Finally, experimental results are reported in order to validate
the proposed converter.
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					simulazione ASN

					
				

				
					Il report seguente simula gli indicatori relativi alla propria produzione scientifica in relazione alle soglie ASN 2023-2025 del proprio SC/SSD. Si ricorda che il superamento dei valori soglia (almeno 2 su 3) è requisito necessario ma non sufficiente al conseguimento dell'abilitazione.
La simulazione si basa sui dati IRIS e sugli indicatori bibliometrici alla data indicata e non tiene conto di eventuali periodi di congedo obbligatorio, che in sede di domanda ASN danno diritto a incrementi percentuali dei valori. La simulazione può differire dall'esito di un’eventuale domanda ASN sia per errori di catalogazione e/o dati mancanti in IRIS, sia per la variabilità dei dati bibliometrici nel tempo. Si consideri che Anvur calcola i valori degli indicatori all'ultima data utile per la presentazione delle domande.

La presente simulazione è stata realizzata sulla base delle specifiche raccolte sul tavolo ER del Focus Group IRIS coordinato dall’Università di Modena e Reggio Emilia e delle regole riportate nel DM 589/2018 e allegata Tabella A. Cineca, l’Università di Modena e Reggio Emilia e il Focus Group IRIS non si assumono alcuna responsabilità in merito all’uso che il diretto interessato o terzi faranno della simulazione. Si specifica inoltre che la simulazione contiene calcoli effettuati con dati e algoritmi di pubblico dominio e deve quindi essere considerata come un mero ausilio al calcolo svolgibile manualmente o con strumenti equivalenti.
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