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Multi-mode injection characteristics of dual solenoid-driven injectors
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Abstract: Injection characteristics of a dual solenoid-driven fuel injector under various injection modes was
studied, based on controllable fuel injection rate. An experimental platform combining injector inlet pressure and
fuel injection rate measurements was developed using the momentum method. By designing the driving current tim-
ing control for two solenoid valves (labeled as NCV-1 and NCV-2) , various injection rate profiles were achieved,
including single-valve rectangular, dual-valve rectangular, ramp, and boot-shaped modes. The results demon-
strate that compared to the dual-valve rectangular mode, the single-valve rectangular mode exhibits a 0.23 ms injec-
tion timing delay and a lower injection rate growth rate. The ramp mode coincides with the single-valve rectangular
mode before NCV-2 activation, after which the injection rate rises sharply. Furthermore, when the actuation interval
between NCV-1 and NCV-2 is 1 ms, the ramp injection mode delivers 22% less fuel quantity compared to the dual-
valve rectangular mode, while exhibiting significantly reduced fuel injection rate fluctuations during the steady in-
jection phase. The boot-shaped mode demonstrates nearly identical injection delay characteristics to the dual-valve
rectangular mode. At a 1 ms interval between the activation of NCV-1 and the subsequent activation of NCV-2, the
injection volume reaches over 82% of that in the dual-valve rectangular mode, while fluctuations in the steady in-
jection phase are markedly reduced.

Keywords: controllable fuel injection rate; dual solenoid-driven injector; driving current timing control; various

injection modes; injection characteristics
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Fig.1 Schematic of the momentum method
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Fig.3 Injection rate of each hole under the working con-
dition of 100 MPa injection pressure and 2 ms in-
jection pulse width
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Fig.4 Degree of fluctuation of injection mass in each hole

2 EEHEXSEES T

2.1 WEihBRLEH

eIl E i S A R A NP R 4 )
P 2R S A2 T B [ 303, 3-31) P 79 P 42 o
TF AL, B AR RS R R TEANE 5 B, S AVY
SEMURRRE, R D42 i £ i sh AU A,
T AR 5 A [ 4% i = 3, PR LR R



+ 244 - A 18R

Hl

= a3 HE3IM

L A ] 2 BT PR IR s 8, E s
i R BT R A T IS 5 OGP 32 B i A e Y H
fidh 3 VA B 4 o Jes A0 7 2= 18K VR 7 1R R A AE
FH. o7 (B , #1235 e 442 NCV-1
1 NCV-2.

XL L 0 R R XS [ i 3 T A0 T S BB Tl R R
TEEBIEAIRZ OHLT. NCV-1 F1 NCV-2 AR LB
IR SR AR, o AT ARG T AR LS B 4 2
g W | o N R M T B BT BTN R R NS E e ot
FNEJTH T B, AR G ET 18 138 S RHIE.
I, T NCV-1 Fl NCV-2 A[RIAEKShETE , fE
% YT AN R TR 14 W 0 56 T 2.

B 5 BHHsRNEEIATRE

Fig.5 Internal structure of the injector
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Fig.6 Signal characteristics of rectangular spray pattern
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Fig.9 Four types of Riemann waves appearing during
the switching of the injector
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Fig.10 Signal characteristics for injection rate and pres-
sure fluctuation
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