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A Study on the Injection Rate Observer of the Piezo-actuated
and Solenoid-operated Injectors for CRDI Diesel Engines

Jongseong Sa’, Namhoon Chung™ and Myoungho Sunwoo”

ABSTRACT

Fuel injection system greatly affects the performance of a direct injection diesel engine. A common rail injection
system was introduced to satisfy the stringent emission standards, low fuel consumption, and low noise in recent years.
The performance of a common-rail fuel injection system is strongly influenced by the injector characteristics. The
common rail injector has evolved in order to improve its injection performance. The piezo-actuated injector is more
suitable for common rail injection system due to its fast response and is expected to replace current solenoid-operated
injector. In this study, nonlinear mathematical models are proposed for the solenoid-operated and the piezo-actuated
injectors for control applications. Based on these models, the injection rate, which is one of the most important factors
for the injection characteristics, is estimated using sliding mode observer. The simulation results and the experimental

data show that the proposed sliding mode observers can effectively estimate the injection timing and the injection rate
for both common-rail injectors.

Key Words : Injector model (9} 2 E] 2 @), Injection rate (EAFE), Solenoid-operated injector (&&= o]= 1A E),
Piezo-actuated injector (3 o) & <1 3] E]), Sliding mode observer (E8t0] 3R E #57])

154y k . Sliding gain
P : Pressure { Pa]
A : area[m?] Q : Volumetric flow rate [ m* /s ]
C, : discharge coefficient S; ¢ Strain
D, . electric displacement [ C/m* ] T : Stress [ Pa]
E,  electricfield [V/m] VvV Volume[r®]
F : Force[N] v © Voltage [V ]
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x . Displacement [ m ] or state variable
p  Density of fuel [ kg/m’ ]
SHE X}

c : Control chamber

h : Nozzle hole

i ¢ Inlet orifice

n : Needle valve

ns . Needle valve seat

0 : Qutlet orifice

)4 : Control piston

pzt  : Piezoelectric stack

» : Rail

s : Spring or Sac

v . Control valve

0 : Initial state
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Fig. 1 Cross-sectional view of the piezo-actuated injector
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Fig. 2 Configuration of the piezo-stack
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