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Abstract : Stringent emission regulations and increasing demands on reductions of noise and vibration of common rail
direct injection (CRD1) diesel engines lead to the advent of piezo-actuated injectors. Compared with solenoid-actuated
injectors, piezo-actuated injectors generate greater force and give faster response time, resulting in more accurate and
faster injections. The accurate and fast response of an injector can offer an opportunity to control the combustion
process and pollutant formation. In this study, the mathematical model of a piezo-actuated injector is developed. An
estimator of the injection rate of the piezo-actuated injector is designed based on this model. The sliding mode theory is
applied to the estimator design in order to overcome model uncertainties. The injector model and the estimator are
verified by the injection experiments in an injector test bench. The simulation and the experimental results show that the
proposed sliding mode observer can effectively estimate the injection timing and the injection rate of the piezo-actuated
injector.

Key words : CRDI(A™ @l =13-21), Piezo injector(z]el|Z <1AE]), Injection rate(FAl-&), Sliding mode
observer(&alold #=71)

Nomenclature P . pressure, Pa
A - area, m? Q s volumetric flow rate, m?® /s
b : viscous friction coefficient Sy : strain
C,  :discharge coefficient T,  stress, Pa
D, - electric displacement, C/m? 4 tvolume, m’
E;  :electric field, V/m v :voltage, V
F force, N z - displacement, ™ or state variable
m mass, kg 3 - bulk modulus of fuel, N/m?

) : density of fuel, kg/m?
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Subscripts

- control chamber

: needle, needle seat respectively
. poppet valve

: piezo

n, ns
vy
bz
: spring
sac  :sac chamber

- valve piston or valve chamber

ﬂﬂwm
onfL Hj 7] 7} A
AR = e B
o AWML AL wHd
+~7](fuel accumulator) el
o] Q1A E| 2 W) -aho]
1209] AR A 0] A] 28]
(ECU)2 # pressure), 1 E FALA]7]
(injection timing), &A}=Kinjection quantity) = HA}
&(injection rate) & Aoj shr}??
2ol = A A HARA] 2 ¥o] ALRE T

1A E o] e ulA] o] &l -o]=(solenoid) 7
o 7o) 2(piezo) 7541 2

EO H]'l}]oiﬂ’-‘— IS
Alelt}. F)oll &

T-E=dkAl o] ol AE = £
FEukalo] o1y uo); @ wE LuAdES L

i
= rlo

30 N

N

i

g
H ){lu

2
S

O 00l
N _‘1}1'
N
=

RUSSTT

R

oM
Ju
@,

F

I
-Er*}’\] EAR=a!

E?~

=(rail

=
=]
o

OHT ii

>0

rlr

4

-

]to] -

I

[<]

{

e, o & feEs BgAA = Qnk ol ®
ol T4 2] 54 0.2 lshe] slol % Q1 AE]
(piezo-actuated injector)i=  Fellmo]lrz Q1 AE]
(solenoid-actuated injector)ell H|&}o] 22 ol & ¢+¥
oA g Ak Aol 7} sbs etk

o] ¢lto|| oA &Yoo)t QI AE Q] 84 B
2L ek, &m0l = AAE 2] AR EAK Y]
o} ®Abgol Wato] A E AL-elA ok F4gat
94 siExjExizelsl=28 H13E M235, 2005

o] 4

A vl glekY o] A= =
q mule AYsli BE
BLAl 7] @ Baleke]

W B ALA 7] 2] %] ¢l A4 of(feedback
7)1 Qipelch e 5o % e

o & <l
&

o]

OFO

%I
oxl

|

o] A-foll ~
(2-way valve) =
e [ E
el *X}(ceramlc eleme )

-

flo 2
)
il
rr
©
2

12

offt

(o,

R
80 g £
ro Ht

o

1]

w
o
)
L
o
=

ofj
jﬁ

_O‘L
T
©

&

i)
)

>
>
o

oz
©

g &
|

o PN J

A et g ¥ converse piezoelectric effect) & o] &
g vlof 2 1A ] 2bs g2 vk 2k dat
Ao -F ol A A gz qto] 3ol & -5 7]l 7}al
) 1) o] z ~~e(piezo stack) 2] Aalutaf o) 7t
Z7}abed 3 W H (poppet valve) 7 L] &=
2 o] F 3t} o] uj] <+ Al oA (control chamber)

ol

R8s

3 &) ]

A 0k

2]

Piezo stack

Push rod

Oring
Push rod spring

&

Valve piston  Return line

Poppet
Valve spring
Inlet orfice

&

Control chamber

Outlet orifice

Servo piston .
Needle spring

Accumulator
chamber

Needle valve

Injection nozzle

AN

Fig. 1 Operation principle of apiezo injector
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Fig. 3 Comparison between the measured and modeled
injection rate
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Fig. 5 Comparison between the measured and estimated electric charge and injection rate
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