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Abstract

The capability of pilot injection with small fuel quantity at all engine operating conditions is one of the main feature of
the common rail direct injection system. The purpose of the pilot injection is to lower the engine noise and to reduce the
NOx emissions. This study describes the pilot spray structure characteristics of the common-rail diesel injectors with different
electric driving characteristics, including solenoid-driven and piezo-driven type. Namely three common-rail injectors with dif-
ferent electric current wave were investigated in this study. The pilot spray characteristics such as spray speed, spray tip pen-
etration, and spray angle were obtained by spray images, which is measured by the back diffusion light illumination method
with optical system for high-speed temporal photography. As this research results, it was found that pilot injection of com-
mon-rail system was effected by rate of injection with different electrical characteristic for driving the injector.
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Fig. 1 Common rail injection system which consists of
modules
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Fig. 2 Two-stage fuel injection in CRDi system
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Table 1. Specification of CRDi Diesel engine

Item

Specification

Type

In-line SOHC 4 valve

Displacement volume

1,991 cc

Max. power

115 ps@4000 rpm

Max. torque 26.5 kgim@2000 rpm
Bore 83 mm

Stroke 92 mm

Compression ratio 18.4

Compression pressure

30 kg/em’@2700 rpm

Nozzle position

Vertical and center of
combustion chamber

Max. fuel pressure

1350 bar

Max. fuel quantity

59.5 mm?/stroke@2000 rpm

Fuel injection system

Common rail injection type

Table 2 Specification of electrical characteristics of the sole-
noid-driven injector

Unit Value
Coil resistance Q 0335
Coil inductance uH 196
Peak current A 20
Hold current A 11
Peak time us 160
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Fig. 3 Experimental setup of common rail direct injection
(CRDi) Diesel engine
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Fig. 4 Driving current wave of solenoid-driven injector for
CRDi Diesel engine (a) Measurement of injection
signal (b) Probe for CR pressure signal
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(a) Measurement of injection signal
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(b) Probe for CR pressure signal

Fig. 5 Measurement of injection duration and pressure in common-rail DI Diesel engine
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Fig. 6 Characteristics of pilot injection in common rail direct injection Diesel engine



Figure 62 713142 olol g 90992 £g
A RPM % F3PEE 23S AR AR
A1ZE e AP EAL

o
s
N
>~
fr
i3
b
fu
.!l)lv

o

Ja10 Rk, el 20 2t
of o BT 54 Y Aol AR BASE F AL
o9l $AF 7142 ¥ AWL B T 4A HolEg

AR Bte] AT & AT F EAEAS g o
2 ARG 4 BAL 7170 A2 uEE 3=
43t dshe A8 BAME 48 F e Wl
AR Bl dlojME BAPIZES QiR s)ARe) §-3)
o FAIGIe] A2l YA FH(<300 ps)o = FAIAIZL A
AR Y dHE FEH HFE st dote 2T 98
FALFS 2~4 mmstE LS & IS L F AU
o]g3t Al YA ARS E3 BA} HolElo] hI &
AL dAE e Hl%ﬂ AojA FgHeln, 53] 2
A9} 7ol 1AE ] o] A& T Aol b
g 39 BF 54 84 Al, o] B4 =AEL 23] ut

sloiAor & Ao Werslh

AFR-EH 58 7|5 Sy ol QAEHE EH”'OE
A T B} 1 sl s Aviekel 22
7He 27 psE, 818 A S A2 1A 50 psE
53 5 97d(256x128 pixel, 20,000 pps)= Fig. 701
UeER T &S APl = %:r"?f?}—’ P &

I\

ARE K=, £35] FAPIA] 100 ps o] FHRE = <14
B =3 RE oA EAlEE EFE9] U Sac &
YOM Pa . X N (7.7
i 4 1 e
100 M Pa . X A Az
£ e e

10 M Pa ; X X .%(
120 M P . x X -}(
130 M Pa x PP

50 100 150 200us

Fig. 7 Spray behavior of solenoid-driven injector with injec-
tion duration of 200 ps
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(a) Type I (5-hole)

(b) Type I (6-hole)

Fig. 9 Initial spray behavior of two solenoid-driven injec-
tors with injection duration of 250 ps and injection
pressure of 1000 bar

bs 9 7%, oF 55 6] BT = dole] o] EAel
4 P9 FYFS & 5 YAk EF 2 BA A
Aole] AZE AR N7 BA5 et B, A8

oF 10 W) FES) /1S HES B 5

o

Fig. 9% 27] £dzo]= QA EE 2} oF
bar 18]35 A EAPZ|Zb] == 250 psE A
7+o 2 AAste, g FdEte] =EAIZFS 27 psE,
8 94 HE A AL 31 usE 85
A 4H(256x64 pixel, 32,000 pps)©lth. 7}
Aell oA Type 18] Ed=0]= JAAE ] 45, )

B

oz WE B AW SRR 8 FA4% 3718
=

f
)

JZ’I., [

o]

=
S} A, =F BB A7) AN, AHow
3

:’g‘ 5 = o EIE
g £ 94 9 BFEgHolvE AA VRt Wi
otk meld Age] Aee 2714 Eewol= SlAE
o FEWA o] BATFL AL W, BA 4] 3G
o] A% the = FAol YolX 27] BT Aol A
4A 92 AL ARAL & + AT

58 B

CFeHE AN multiply injection)’} 7FeeF A H A AlX
dlofl A== aqt TARIAE 9] AT (pilot spray)

o B8-S AFHOR FX st Ao & A3 HEE
ol ole] @S 18] WA, AFEAR bAczl
AP e Fal AA itk AsEAL] o8 AP EA 54
S AT A3 offel 2 AES 4S F YAUh
1) APEF(pilot spray) G F EAZ]7F F<bol
e = 2599 uf olskell, AP &AL 717ko]
250 pse]aL, F HAF 717ke] 1,400 psQl 739, <F 5500
it 5 T Zol¢] Zo] EAe] 22 995 FA

AZ1ZE Alele] A1k 2L ol &
A AL BAF 71709 oF 100 A s )
7 S % & ATk ol e AAH FAEA

Y@ olsl Tolz A S Lo Aze 5 914
H TEPAE UARTe 542 s B F
2% AuEA, §5 IGRT 4 A3te] B 5
AT B5HQ dolest B 4 98 walth

(1) K. Morita, “Automotive Power Source in 21st Cen-
tury”, JSAE Review, Vol. 24, 2003, pp. 3~7.

(2) P. Walzer, “Future Power Plants for Cars”, SAE paper
No. 2001-01-3192, 2001.

(3) S. P. Edwards, A. D. Pilley, S. Michon and G. Fournier,
“The Optimization of Common Rail FIE Equipped
Engines Through the Use of Statistical Experimental
Design, Mathematical Modelling and Genetic Algo-
rithms”, SAE 970346, 1997.

(4) C. Fetters, and A. Leipertz, “Potential of a Piezo-Driven
Passenger Car Common-Rail System to Meet Future
Emission Legislation-An Evaluation by Means of In-
Cylinder Analysis of Injection and Combustion”, SAE
2000-01-3499, 2001.

(5) H. Hiroyasu and M. Arai, “Structure of Fuel Sprays in
Diesel Engines”, SAE Paper No. 900475, 1990.

(6) C. Arcoumanis, M. Gavaises and B. French, “Effect of
Fuel Injection Processes on the Structure of Diesel
Sprays”, SAE Paper No. 970799, 1997.

(7) M. Badami, P. Nuccio and G. Trucco, “Influence of Injec-
tion Pressure on the Performance of a DI Diesel Engine
with a Common Rail Fuel Injection System”, SAE Paper
No. 1999-01-0193, 1999.



