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A Study on the Piezo Injector Control Algorithm for CRDI Diesel Engines
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The purpose of this study is to develop a piezo injector driver for common-rail direct injection
diesel engines. In this research, we analyzed the electrical and mechanical characteristics of the
piezo actuator through experiments. Current flow and charging voltage of the piezo injector are
controlled by the PWM signal of variable duty ratio in order to realize both fast response and low
peak current. The optimal switching duty ratio was designed by modeling and analyzing of the
piezo driver circuit. In order to avoid resonance and unacceptably long settling time, appropriate
frequency range of the PWM signal was derived based on the driver circuit model. The developed
injector driver was validated by experiments under various fuel rail pressure, injection duration,
and charging voltage.

Key Words: CRDI (HS3|LZIE AN, Current Control (K1F M O1), Fue! Injection System (X E BAL X)), Injector
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7|49y MYV : maximum voltage

MC : maximum current
S; : strain
ds; : linear electromechanical coupling coefficient [m/V] 1. B
Y33 : elastic modulus of the piezo actuator [N/m*]
T; : stress [N/m?] JAdAL 2 4582 U89 AFAE <
Es; : electric field [V/m] Aoz @o] A& gt z} A AAFL
Q : electric charge [C] 2 7@ 3 #Alo] FriEHEA dAdA
D : duty ratio o] &3 7] WS EC WE AU E2 s
U : applied voltage [V] 3 gith v, §E 5 ARAFANE e 2E
L : inductance [H] 714 ]—7] %8} Tier, EURO emission standard 2} 2
R : resistance [Q] o] BAEE dAT wr|FAE AA}S HEE
AL : displacement of the actuator [m] 2733 Qr}. old wat AFAJAAANME HA
C : mechanical capacitance [F] ZaEE gAdRe wriHAlE wEA7IH, 4

FR : fast response HE MAA7 L AR e AL FAANL F g
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Fig. 1 Piezo injector operations
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Table 1 Characteristics of the piezo element

Description Electrical charge
Position Electrical charge content Q
Ch: i
ar'lg‘e n dQ: Change in electrical charge
position
Speed dQ/dt: Curreat i
) d%Q/dt* = di/dt: Current
Acceleration e
variation/current slew rate

Displacement vs applied wltage
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Fig. 5 Schematic of the piezo injector driver circuit
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Table 2 Equipments of Injection rate experiment

Description Equipment
DPO 4034 Tektronix digital phosphor
Voltage oscilloscope
P5205 Tektronix differential probe
TCPA 300 Tektronix amplifier
Current
TCP 303 Tektronix current probe
Injection rate | FJ400 Ono-sokki injection rate meter
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