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Control Strategy of High-pressure Two-actuator Fuel Injection System
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Abstract

According to the working principle of the two-actuator fuel injection system, the available control

modes were discussed firstly, the delay time from control signal to fuel injection was analyzed, variation
characteristics of NOP at different speeds were figured out and injection characteristics were explored
then, the experimental results showed that the difference between SV and NCV control angle could
change the value of NOP, NCP and MFIP effectively. Finally, the control algorithms were explored
emphatically, calculating method for NCV desired SOI and durations were introduced and the control
and the NOP control MAP that reflected it

tendency with different speeds and the control angle difference was analyzed, which provided the basic

strategy of two-actuator fuel injection system was proposed,

theory for vehicle purpose.

Key words

51

XU, T R 47 ol AR 3 28 8 (A g o X 49K il &R

58 ) AMHRE B 52 B vy T W 5 L R 6 T4 11 W8 il 1 i

ARG B 0 W5 i, 0 B 08 232 1 by 90 75 g 3y 3 5 A g

W I g, % S AL R I R G T R R TS 2
[1,

Hﬁﬁ[ﬁﬁbﬁi‘ﬂﬂﬁ&z”ﬂi&{ﬂﬂ%ﬁ:gbﬁ Bosch fY)

APCRS % 4 . Delphi ) E3 % % #1 Benz [¥J Smart

i

Wk H B 2011 -01 —24 &[] H 4. 2011 -03 —26

Two-actuator fuel injection system, Control strategy, Nozzle opening pressure

EUP &G54 . [ SME 4 2 AR HLK L TF 34 T Ji8 X 7
[ AN =~ [N (78 By N ARRRE 7S % R g &30
1 2R GEAE A [5] 5 00 4% 10 T B0 498 i % S5 A0 4 o
THEMATES DR T HZ KRB . &
SR LI KR T R 4 L A BT S 0 R 3 T 1 fig
K JHEEWAQWWZWM%g%%HTﬁ
L OUIR 9% 111 2R 495 15 fh 45 B R T IR il R 4 9 o D
SEATRN A, A SO AR R3S A B KK il 2 55 11 45
WS

w [EZT R AT R R IR (973 31 4)) BE BB H (97361357) | 6 5K 3 4K B 24 k4 BT Wy 0 H (51006012 ) 1 [ B 5 6 AF 52 ¢ ) 5 H

(40402040103 )
TEE B A EHMG, WA/, T2

ALK R 58 K i T4 I A SE , E-mail ; w. yp@ 163. com

BIRAEE : XIAEAK, B8, LA 00, 2N PPRIL AR SRR AL B 58, E-mail: fushui_liu@ bit. edu. cn



LR

EARME A5 TR B BRI A S8k il R G4 o SR F 29

1 WiEAm AR EER R

X IRR 1l 28 90 1) 4 o) 32 0 0 T o v 428 B A o
4 ¥ 2 1 1 (spill-control valve, fij F SV ) HI B il
2 Ui PR T 142 6 i) ( needle control valve, fij ik NCV)
3 A S A )RR i A AR 2 R S o ok S B A o
P, 2 AR IR R U 49K i 28 96 4 AR it 90 A7 o e 4
SV {14 W7 AT DUOR IR = FE A 1) 7 A= At s, A%
il 2 5073 0] g At B2 T A R0 ARl R 2 0 6 g
% Y ¥ 2, 38 L 4% ) NCV g 38 BBy Al >k S 399K i g
S5, A S 8003 ) A I B2 T A A S R 22 .
TE SV LR FF 1 FE IR 2 I, XU R 1 2R G ik NCV 45
il 152 3 T ) T T, DA T S B g T M AR o OB A il
ARG nE 1R,

KL XU Al R Ge sl 1
Fig. 1  Schematic diagram of two-actuator fuel system
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Fig.2 Two-actuator fuel system in single cylinder engine
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Tab.1 Parameters for single cylinder diesel engine
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Fig.4 Variations of fuel pressure with control signal
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Fig.7 Variations of dynamic NOP in SV control mode
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Fig. 10  Control strategy of two-actuator fuel injection system



32 & Ak HLOM 4R

20124

NCV i 15 3ih $2 715 #f9 F g 3 5 252 0 55

BT NCV B i 5 5 & /215 8] NCV
SRRl E R NS RN ES S 4 i B S e P u)
— B WY LE R B IE R AR, T SV Btk il A5 5T B
B, B e EARYE & s Hlis 47 Tl 0 & Sh HLAE Rk
S % LG T U R T R G2 H bR NOP, I AR %
MFT NCVH b 05 3 #2155 A 4% NOP i#E 4718 1E 5 4%
J& il i NOP 5 i MAP 2 i) 5 ) £ 8 25 (6 00 K
AN LTS SV B Ak B AR B B A I RS0
)5, R SV ZER MAP 1 5 25 5OAH v 22 MAP iF
17— @B IE 135 SV gt hiE S,

L 0 S 5 b, NCV gl 32 5 1 NCV
FI A A3 7ok 5 0 0 EL S 3R AR BB e, SV I il 4 i £
WA NCV il R 22 Wt NCV H i 43 il #5 22
R AE R A B R E T SV AL Il AR AR W0 2 T
Pl 055 45 Rt %0 SV A X T NCV (il K7 22 48 sl ot
W% S R R ), X SV 4 B 2k AT — B IR, LR
T2 NCP 5 fm J ORUE P W7 i 3 Ay b 38 24 b i)
FH 46 I 0 e R o

NOP & I- MAP 2% J& T R [a] NCV H Fr s il 42 fif
i1 AR A X NOP (19 52 1) , 3 3 2 phy 445 3 o™ 56 1) 7R 2k
AR B o T NOP 458 i 2 45 il 32 45 oh — 4>+ 43
FE) MAP & 2 X 3 F BA 5 R0t R 4
M EZ . NCV H bRty $2 5/ i BTDC 5°CA
i, NOP #%i) MAP 4nf&l 11 fin

NOP #5 il MAP v 32 f ety NOP Fifi i 3 1 4
il A B 22 I AR AL R, MAP B8 2200 35 XU R 455
H SR IERVEH . 78 B ELHL LSS M ALB 171, 4
I AL R AT AR 4 24 Hi 08T 7 (4 NOP, )k MAP w3k 45
T £ BE 2508, NI A5 51 SV 45 S8

B 11 NOP # ] MAP

Fig.11  NOP control MAP

5 &

-l
o3

(1) 7€ NCV #§l 8K, i F 42838 1F FH i £
e, #5022 H L 200K T SV Iyl SE 3R £ JiE , [] i)
Ty B [ NCV Iy 28 3R A B, 1T AR A NCV %)
W% I IF B AT 4 5 DA I 36 45 SR AT AT, SV R X T
NCV 14 il /1 B 22 Re 98 A &b 2 28 NOP NCP Al
MFIP B 5% v Xk X K il 3R 40 4% 1 3 2 02 4 X)
NOP, 1fij MFIP 1 NCP % 5% i J] 38 28 W 7ih 2% >k S e

(2) 7E SV #EHIB T, sh 4 NOP Fifi % ¥ Tt
o SR AN, A X AT D 4 8K il S
PEATRE W 45 1 o

(3) $EH T XM F BUAT 32 3R T 2R G0 1 B 484
ARG B W 2800 B R NOP ik il 1F
SRR AR AT W R S AR AT A S AR R

(4) VT T R 4 1 1 B 25 {H S5 B0 NOP 2 1fil
(977 B, IF 25 Y T Rt NOP i 5 8t 1458 1) £ B 251
AR AL AZ ALY NOP 5] MAP Sy XU A i 2 46 11
F g IR T R

2 £ x W

Wolverton M A, Kiss T. Analytical comparison of 2 and 3 way digital valves for use on direct needle control fuel injectors
[C]. SAE Paper 20040032, 2004.

Godfrey Greeves, Simon Tullis, Barrie Barker. Advanced two-actuator EUI and emission reduction for heavy-duty diesel
SAE Paper 20030698 , 2003.

Rente T, Gjirja S, Denbratt I. Experimental investigation of the effect of needle opening pressure (NOP) on combustion and

emissions formation in a heavy duty DI diesel engine[ C]. SAE Paper 20042921, 2004.

engines| C].

Huang Yiqun, Jeffrey Leet. Investigation of in-cylinder NO, and PM reduction with Delphi E3 flexible unit injectors on a
heavy-duty diesel engine[ C]. SAE Paper 20081792, 2008.

DU, XU6AE AR K, S5 —Rhos Y i XU R R IR R R e [T]. b atBE LR 2% 2% 4 ,2008 ,28 (8) :674 ~ 677.

OUIET, X2 K, 5. T OLAL BRI R SR A0 2l BLBR 42008 ,39.(11) 16 ~9.

Qiu Tao, Liu Xinghua, Liu Fushui, et al. Characteristics analysis of double valves fuel system with high pressure[ J].
Transactions of the Chinese Society for Agriculture Machinery, 2008,39(11) :6 ~9. (in Chinese)

Wang Yupeng, Liu Xinghua, Liu Fushui. Simulation investigation on the multiple injections of two-actuator controlled fuel
injection system[ C] //2010. International Conference on Energy and Environment Technology (ICEET) , 2010.

Wang Yupeng, Liu Xinghua, Chen Yuhang, et al. The optimal drive current of solenoid valve and analysis of its effect on

injection characteristic[ C] //2010. International Conference on Electrical and Control Engineering (ICECE), 2010 2 383 ~2 387.



