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Abstract: To reduce the common rail pressure fluctuation and reduce the workload of experimental
calibration of structure parameters for Gasoline Direct Injection (GDI) engine, a structure parameters
optimization method of common rail system is proposed based on improved genetic algorithm. First, a
model of GDI common rail system, including high-pressure pump, common rail pipe, injector and low-
pressure pump, is developed in GT-suite environment. Second, the effects of common rail pipe volume
and damping orifice diameter of the rail pressure fluctuation and rise-time are analyzed by dynamics,
and the rationality of the model is verified. Finally, a control system of the common rail pressure is
designed based on feedforward and feedback. On this basis, an improved genetic algorithm is used to
optimize the damping orifice diameter and common rail pipe volume, considering the common rail

pressure fluctuation and rise-time as the objective functions. Simulation results show the effectiveness
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of the proposed optimization method.

Key words: automatic control technology; GDI common rail system; structure parameters
optimization; closed-loop control; genetic algorithm
0 GDI
, GT-suite GDI
(GDD )
,GDI
i GDI
o 1 GDI
, 1.1 GDI
’ ° 1.1.1
, [3] GT-fuel , )
[4] AMESim
s 18] V,(0) =V, — Aph, (0) (1
' V(O om’; Vi
. m3 H AP
’ ‘ ‘ o5y (0) .m,
. P,
[6] : K; dV,
. P — * k u pr T 2
p Vp(@) ( dl _'_q (II (1()) ( )
. K ,10° Pa; q,
5 Qpr
. 5 Qo vms/t;]ﬁp .
. P ,105 Pa; Apr
N ) 9m2 5 Cpr H
GDI o dv, dh
—_ A d P 3
, dt " do )
’ A 2 » — Pr
[7-9] (Jpr = Sgn(pp - pr)('prApr % (4)
, . GT-suite
[10,11] 1



« 238 -

( ) 48
o s
Pik = %(er.k — it ) 7
2 Qrick ~ Ginj.r ’
,m’ /‘[; Vi
,cm® s Erx 3 Doyl
,10° Pa; py ,10° Pa;
! GT suite Qinjok — sgn(py — Deslok ek kA
Fig. 1 Structure and GT-suite model of high-pressure pump
1.1.2 2| pir — b (8)
o
’ GT-suite
, 3 o
s
s s
s s
s
dd/)tr :*%{)r)(qp,*qn) (5)
: % ,10° Pa; V,
sem’ s gy ,
mm® /s, 0 ,mm°®/ 3 GT-suite
s: A Fig.3 Structure and GT-suite model of injector
s GDI ,
' s
gi = D, sen(p, — pu)cwA AV (4X10° Pa) ) GT-suite
o o . GDI 4,
» GT-suite
2 o
4 GT-suite  GDI
Fig. 4 GT-model of GDI common rail system
2 GT-suite GT-suite GDI
Fig. 2 Structure and GT-suite model of common rail pipe GDI
1.1.3 , 1 mm;
N N N s C ) 8 mm; 240 mm;
s ECU , o3 2500
N s

r/min;

1. 5 X 10" Pa;



1 R « 239 -
L 4X10" Pa, GDI A, .
K 1 ’ qri ’ (4) ’ Qri
0 .
o A ’ ° ’ Pr °
1  GT-suite 1.2.2
Tablel Comparison of results between GT-suite and bench <
1.1 GDI
/(10° Pa) 153 157 2.6
/(g + cycle™ ) 18. 45 17. 36 5.9 ’
/(10° Pa) 153.4 152.6 1 .
/ms 1. 45 1. 45 0
’
/(mg s 1) 10. 46 9. 89 5.5
/(g cycle 1) 17. 4 16.67 4.2 GDI
/(10° Pa) 153. 6 152.6 1 , GDI
1.2 GDI o s
1.2.1 )
GT-suite ,
s 0.75.1.0.1. 5 mm;
s 6.785.12. 063.18. 850 cm’; 1.
4 V., b, 8.2.5.,3.3 cm’; 0. 69.0.
s V. 89.1.2 mm, 1. 5X10" Pa,
D o (3) 1 4X10° Pa, 2500 r/min
ApY ’
qri ’ ’ 2 °
2
Table2 Pressure fluctuation and rise time of different structure parameters
/mm /em?® /cm? /mm
0.75 1.0 1.5 6.785 12.063 18.850 1.8 2.5 3.3 0. 69 0. 89 1.2
/(10° Pa)  2.3298 2.4916 3.6028 3.3410 2.8944 2.4817 2.3298 2.3416 2.3428 3.1596 3.1606 3.1656
/s 0.1894 0.1893 0.1880 0.1874 0.1886 0.1893 0.1313 0.1431 0.1580 0.1056 0.1121 0.1198
2 , o
b 5 b b
o b o
5, 6

5

Fig.5 Pressure fluctuation and rise time of different damping hole diameters
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Fig. 9 Track curve of common pressure
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Fig. 10 Diagram of structural parameters optimization of common rail system
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Fig. 11 Optimization results of common rail pipe volume and damping hole diameter

12
Fig. 12 Comparison of results between before and after optimization
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